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Dear Participants, 

On behalf of the German Physical Society (DPG), as President, I would like to welcome you to the DPG-Früh-
jahrstagung (DPG Spring Meeting) of the Atomic, Molecular, Quantum Optics and Photonics Section 
(SAMOP) on the campus of the University of Freiburg organised by the divisions Atomic Physics, Mass 
Spectrometry, Molecular Physics, Quantum Optics and Photonic as well as the working groups on Equal 
Opportunities and „Young DPG“. 

With around 55,000 members, the DPG and its conferences with up to ten thousand participants provide 
the largest platform for professional exchange in physics in Germany with an impact on Europe and the 
whole world. Science thrives on exchange and discourse! Moreover, in times of increasing tensions and 
fake news, scientific exchange strengthens not only physics as a science but helps to promote acceptance 
and awareness of the importance of basic research and scientific facts in the general public. We are very 
keen to make our DPG conferences even more international. I am therefore very pleased that, thanks to the 
support of the Wilhelm and Else Heraeus Foundation, we are now able to award around 80 scholarships 
to scientists from countries in Central and Eastern Europe and from those being members of the SESAME 
synchrotron collaboration in the near east. 

The DPG is in close contact with its scientific sister societies and scientific institutions around the world. 
Together with 16 other physical societies (including the American, the Chinese and the European Physi-
cal Society), we published „Principles & Policies for International Scientific Collaboration“ at the end of 
December 2023. This calls on all stakeholders, national governments, research institutions and professi-
onal societies to set clear and well-communicated standards for integrity, transparency, and reciprocity, 
the foundations of any value-based scientific collaboration. In addition, as part of a joint and large inter-
national effort, we are preparing for the Year of Quantum Mechanics in 2025, one hundred years after 
the consistent formulation of quantum theory, shedding light on its enormous successes, its origins and 
its outstanding future potential in quantum sensing and metrology, quantum computing or cryptography. 
Quantum theory has fundamentally changed our view of the world and is having an impact on all areas of 
our culture, science, technology, and art! 

In order to strengthen physics as a science and scientific exchange, the commitment of each individu-
al physicist is essential. I would therefore like to thank all participants of this DPG conference for their 
contributions and their support to make the conference a success and would like to encourage you all to 
become members of the DPG, if you have not already done so.

The success of this DPG Spring Meeting is only possible with the greatest commitment of many science 
enthusiasts involved – thanks to you all! My special thanks go to the conference organiser, Prof. Tobias 
Schätz, Institute of Physics, University of Freiburg, and the programme committee with the chairs of the 
divisions and the participating working groups: They have put together excellent speakers and an exten-
sive and outstanding programme. I would also like to thank the Deutsche Forschungsgemeinschaft (DFG, 
German Research Foundation) for funding our conference. Further, I would like to express my sincere 
thanks to the Wilhelm and Else Heraeus-Stiftung for again providing generous financial support to our 
young members. Last but not least, my particular thanks go to the very motivated staff of the DPG Head 
Office for their support at all DPG conferences.

I wish you all an exciting conference, good discussions, and many new insights.

Prof. Dr. Joachim Ullrich
President of the 
Deutsche Physikalische Gesellschaft e.V.
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Organisation
Organiser
Deutsche Physikalische Gesellschaft e. V.
Hauptstraße 5, 53604 Bad Honnef
Phone  +49 (0) 2224 9232-0
Email  dpg@dpg-physik.de
Homepage www.dpg-physik.de

Local Organiser
Prof. Dr. Tobias Schätz
Quantum & Atomic Physics
Universität Freiburg
Hermann-Herder-Straße 3, 79104 Freiburg
Phone +49 (0) 761 203 5815
Email tobias.schaetz@physik.uni-freiburg.de

Scientific Organisation

Chair of the AMOP Section (SAMOP)
Prof. Dr. Gereon Niedner-Schatteburg 
FB Chemie - Physikalische Chemie
RPTU Kaiserslautern-Landau
Erwin-Schrödinger-Str., Geb. 52, R 535
67663 Kaiserslautern
Phone +49 (0) 0631 205-4697
Email gns@chemie.uni-kl.de

Chairs of the Participating Divisions 
(A) Atomic Physics  – Prof. Dr. Matthias Wollenhaupt 
     (matthias.wollenhaupt@uni-oldenburg.de)
(MO) Molecular Physics  – Prof. Dr. Jochen Küpper (jochen.kuepper@cfel.de)
(MS) Mass Spectrometry  – Prof. Dr. Yuri A. Litvinov (y.litvinov@gsi.de)
(Q) Quantum Optics and Photonics  – Prof. Dr. Christiane Koch (christiane.koch@fu-berlin.de)

Chairs of the Participating Working Groups 
(AKC) Equal Opportunities  – OStR Agnes Sandner (akc@dpg-physik.de)
(AKjDPG) Young DPG  – Vivienne Leidel (leidel@jdpg.de)

Symposia
SYAD – SAMOP Dissertation Prize 2024
SYAS – Awards Symposium
SYCC – Controlled Molecular Collisions
SYCE – Coulomb Explosion Imaging
SYMC – Size Selected Metal Cluster Spectroscopies
SYQO – Ultrafast Quantum Nano-Optics
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Organisation of the Exhibition of Scientific Instruments and Literature
DPG-Kongress-, Ausstellungs- und Verwaltungsgesellschaft mbH
Hauptstraße 5, 53604 Bad Honnef
Phone  +49 (0) 2224 9232-0 
Email  dpg@dpg-physik.de
Homepage  www.dpg-gmbh.de

Programme
The scientific programme consists of 1.277 contributions: 

 10 Plenary talks
 1 Evening talk
 4 Prize talks
 49 Invited talks
 656 Talks
 553 Posters
 4 Tutorials

The programme stated in this document corresponds to the status of the programme publication Janu-
ary 30, 2024 and will not be updated! You will find the updated programme at 

www.dpg-verhandlungen.de/year/2024/conference/freiburg

Information for Participants
The conference will be held March 10 – 15, 2024.

Conference Information

Conference Venue
Albert-Ludwigs-Universität Freiburg
Universitätszentrum
Platz der Universität 3
79098 Freiburg

as well as

Paulussaal
Dreisamstraße 3, 79098 Freiburg

The conference will take place in the university buildings in the centre of Freiburg. The plenary lectures 
and symposiums will be held in the Paulussaal, Dreisamstraße 3. All other lectures will take place in the 
Kollegiengebäude I (KG I) and III (KG III) which are located around the ‘Platz der Alten Synagoge’. The Po-
stersessions will take place in the tents on the ‘Platz der Alten Synagoge’ and in the KG I.

For a detailed map of the campus and the buildings please see “Maps” at the end of this document.

Conference Office / Information Desk
The conference office and the information desk are located in room 1108, on the upper level of Kollegien-
gebäude I. The opening hours are the  following:
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    Registration Information Desk
Sunday March 10  closed closed
Monday March 11 08:00 – 19:00   08:30 – 19:00
Tuesday March 12  08:30 – 17:00   08:30 – 19:00
Wednesday March 13  08:30 – 17:00   08:30 – 19:00
Thursday March 14  08:30 – 17:00   08:30 – 21:00
Friday March 15  08:30 – 12:00   08:30 – 17:00

You will receive your name tag and a receipt for your conference fee at the registration. The name tag must 
be worn visibly during the entire conference.

The organisers, staff of the conference desk, and the student assistants will be identifiable by coloured 
name tags or Ф-T-shirts. Please contact them if you have any questions. Do not hesitate to inquire about 
all necessary information concerning the conference, orientation in Freiburg, accommodation, restaurants, 
going out, and cultural events at the information desk.

Use the DPG app for the DPG Spring Meetings!
Create your own conference programme, find out about the conference venue or the latest conference 
news. With the help of the building plans you can orientate yourself on site. The updated DPG app is ready 
released in mid february and also contains completely new features: You can now save your own notes 
and store your participant number in the settings in order to conveniently use the express check-in on site.

Presentations
Scientific presentations will be held either as oral presentations or posters. Presentations are held in Eng-
lish (preferred) or German unless objected. 

All lecture halls and seminar rooms are equipped with projectors (aspect ratio 4:3) and laptops, and will be 
opened at least 30 minutes prior to the session.

We kindly ask all speakers of contributed talks to bring their presentation on a USB-stick in PDF format and 
to upload it at least 15 minutes prior to the start of the session. Speakers of invited talks, plenary talks, 
introductory talks, and focus talks are also invited to follow this procedure, alternatively they may connect 
their own laptop via VGA or HDMI ports (for all other ports, please provide an appropriate adapter).

We kindly ask the speakers to ensure the laptops handshake with the projectors at least 15 minutes prior 
to the start of the session. Service staff will be available in all lecture halls to assist with the uploading 
of presentations and to help with the equipment. If you need other presentation facilities please ask for 
availability at the information desk as soon as you arrive at the conference or better in advance via E-Mail 
dpg24@physik.uni-freiburg.de.

Usually, presentations will have the following durations. For exact information, please refer to your division.

•	 Contributed talks 15 minutes including discussion and speaker change 
(12 min talk + 3 min discussion/speaker change)

•	 Invited talks 30 minutes including discussion and speaker change  
(25 min talk + 5 min discussion/speaker change)

•	 Plenary presentations 45 minutes (without discussion)

Poster Presentations (Tuesday — Thursday)
Sites for poster sessions are named and located as follows:

Tents A - C Platz der Alten Synagoge
Aula Foyer Platz der Universität 3 (KG I)
KG I Foyer  Platz der Universität 3

The poster boards will be marked with the number according to the scientific programme. Authors are 
asked to mount their poster before their session. Each poster should display the number according to the 
scientific programme. Each poster should not be larger than 85 cm x 120 cm (DIN A0).

7



For the mounting of the poster please use the provided mounting material at the poster frame or contact 
the student staff available at the poster area. The presenting authors should be at hand for discussion at 
their poster during at least half of the poster session and should note this time at the poster. The posters 
have to be removed after the session. Any posters remaining on poster boards will be removed early in the 
next morning and disposed without requesting your permission. The conference management accepts no 
liability for the posters.

Broadcast of Plenary Talks
All plenary talks and symposia will be presented in the Paulussaal and broadcast live in the lecture halls 
Pauluskirche and the Aula of KG 1.

Wilhelm and Else Heraeus Communication Programme
Important notes for participants who apply for a grant of the Wilhelm and Else Heraeus Foundation:
At the beginning of the conference you will receive an identification form at the conference office. The 
participation in the conference must be certified by the conference desk. You have the possibility to leave 
this certificate with the staff members of the DPG (preferably at the conference office) or submit it to the 
DPG head office (DPG-Geschäftsstelle, Hauptstr. 5, 53604 Bad Honnef, Germany) by April 5, 2024 at the 
latest. For more detailed information refer to freiburg24.dpg-tagungen.de.
 
The Deutsche Physikalische Gesellschaft thanks the Wilhelm and Else Heraeus Foundation for the gener-
ous financial support of young academic talents. We hope that young physicists will continue to seize the 
offered opportunity for active scientific communication at scientific conferences. A total of about 41,900 
young academics were supported by this programme so far.

Communication / Internet Access
The university of Freiburg is a member of the eduroam union. If your university is also part of the eduroam 
union, you can also use the university WiFi in all buildings via your own eduroam access. If you do not have 
eduroam access, you can obtain a guest account at the registration desk.

Catering
Coffee, tea, softdrinks and small snacks will be served all day free of charge for participants at four loca-
tions: Paulussaal (Dreisamstraße 3), Tent B (only Tuesday-Thursday), Prometheushalle, entrance hall in 
Kollegiengebäude I (KG I). If the weather is nice and dry, there will also be another coffee stand in the inner 
courtyard KG I/KG III. 

Lunch options are available at the Mensa Rempartstraße, requiring a guest card described below, as well 
as numerous bistros, bakeries, restaurants and take-aways in the historic city center within 10 minutes 
walking distance.
In order to avoid bunching at the Mensa’s Service Point when loaning a guest card we recommend a visit 
before lunch time. Service Point and Mensa are open from 11:30 to 14:00. The card requires a deposit fee 
of 7.00 € and can be topped up at nearby machines. Deposit fee and remaining balance will be refunded 
upon returning the card.

Cloakroom
Participants are asked to look carefully after their wardrobe, valuables, laptops, and other belongings. The 
organisers decline any liability. In room 3117 you will find a cloakroom managed by student assistants. 
The opening hours are as follows:

Sunday March 10 16:30 – 19:15
Monday March 11 08:30 – 19:15
Tuesday March 12 08:30 – 19:15
Wednesday March 13 08:30 – 19:15
Thursday March 14 08:30 – 19:15
Friday March 15 08:30 – 17:00
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Notice Board
All changes to the conference programme (i.e. cancellation of presentations, change of rooms, etc.) are 
also transferred directly to the online version of the programme which will be updated continuously and 
is available in different formats (sorted by publication date, filterable by conference parts and as an rss-
feed). Please use the form freiburg24.dpg-tagungen.de/programm/notice-board-form to notify changes or 
cancellations.

Lost Property
You can hand in lost property at the information desk. You can also collect your lost property there.

Liability Exclusion
Participants are asked to look carefully after their wardrobe, valuables, laptops and other belongings. 
 There can be no liability assumed.

SAY CHEESE!
The DPG Spring Meetings are basically public to the press. Please note: On behalf of DPG, photos and 
videos will be recorded during the Spring Meetings. In the context of public relations, these recordings (as 
the case may be) will be published on our website, in social media or within prints of the DPG for example.

CO2 compensation for the DPG conferences
By decision of its council, the DPG will compensate for fossil CO2 emissions resulting from mobility for 
DPG conferences and committee meetings.

Acknowledgement
The Deutsche Physikalische Gesellschaft (DPG) and the local organisers want to thank the following ins-
titutions for supporting the conference:

−	 Wilhelm and Else Heraeus Foundation, Hanau 
−	 University of Freiburg
−	 all industrial sponsors (see below)
−	 and all staff, who make the success of the conference possible.
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Social Events

Tutorials
On Sunday, March 10, tutorials on current scientific topics will take place from 17:00 to 19:00 in the lecture 
halls 3042 and 3044. The tutorials are primarily aimed at students and young scientists. The tutorials are 
open to all conference participants.

Opening of the Conference
A short opening address will be given by the chair of the AMOP Section (SAMOP) on Monday, March 11 
from 08:55 until 09:00 in the Paulussaal. 

Welcome Evening
Monday, March 11, 19:30 – 21:30 (doors open at 19:00)
On Monday, the Welcome Evening will be held in the Mensa Rempartstraße of the university of Freiburg 
to which all registered participants are kindly invited. Snacks and drinks will be served. Register in time 
(08:00 to 19:00) and do not miss the opportunity to meet people in informal atmosphere. Please wear your 
name tag which you have received during registration. 

Award Ceremony
On Tuesday, 12 March, at 14:30, the awards ceremony for the prizes listed below will take place in the 
Paulussaal. 

• Awarding of the SAMOP Dissertation Prize 2024
The aim of the prize is to recognise outstanding scientific work and its excellent presentation in a lec-
ture. Talks by the four finalists will be given at the symposium (SYAD) on Monday. 

• Awarding of the Herbert-Walther-Award 2024
The Herbert Walther Award honours outstanding contributions in quantum optics and atomic physics 
as well as outstanding achievements in the international scientific community. The prize is awarded 
jointly by Optica (formerly known as the Optical Society of America (OSA)) and the Deutsche Physika-
lische Gesellschaft (DPG) in memory of Herbert Walther, who conducted research in the USA and Ger-
many with great success and rendered outstanding services to Optica and the DPG through his work.

The award ceremony will be followed by the award presentations at the Award Symposium (SYAS).

Members‘ Assemblies of the Divisions
During the DPG Spring Meeting, Members‘ Assemblies of the divisions and working groups take place. 
Please refer to the scientific programme for the time and place of the meetings.

Job Market
During the conference, various companies and organisations will present their working fields and career 
opportunities to all interested participants. The presentations will take place from Wednesday to Thursday, 
in the Veranstaltungssaal of the University Library. The presentations will last for about 30 minutes plus 
discussion. 

Programme: Wednesday, March 13
 11:00 – 12:00 d-fine GmbH 

 13:00 – 14:00 Basycon Unternehmensberatung GmbH
 15:00 – 16:00 Carl Zeiss AG

 

 Thursday, March 14
 13:00 – 14:00 TRUMPF Lasersystems for Semiconductor Manufacturing GmbH
 14:00 – 14:30 Berufsbegleitende DPG Programme: 
  „Finde deinen Weg: Berufliche Orientierung und Unterstützung durch
  die DPG.“
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Exhibition of Scientific Instruments and Literature
From Tuesday, March 12, to Thursday, March 14, there will be an exhibition of scientific instruments and 
literature in the exhibition tents nearby the „Platz der Alten Synagoge“. Several companies (see list of exhi-
bitors at the end of this booklet) will present their products. Opening hours are from 10:30 to 19:00. All 
conference participants are welcome to attend the exhibition. The entrance is free.

jDPG Pub Crawl 
Tuesday, March 12, 19:00
Meeting Point: Platz der Alten Synagoge
In case you need some time to take a rest during the conference and you are looking for conversations 
beyond physics, you are cordially invited to a pub crawl through the nightlife in Freiburg. 

Public Evening Talk
Thursday, March 14, 20:00 – 21:00, Paulussaal
Prof. Dr. Oskar von der Lühe, Institute for Solar Physics, Freiburg will speak about  
„Von der Sonne lernen – Ein Stern als Physiklabor“
The Public Evening Talk is open for the interested public and all conference participants. It will be held in 
German. The entrance is free.

13



Zielsetzung:

• Ergänzung des Service-Angebots der DPG durch neue Formate 
• Maßgeschneidertes Weiterbildungsprogramm für Physiker:innen
• Intensiver Austausch durch kleine Gruppengrößen
• Unterstützung für Physiker:innen bei der beruflichen und 

persönlichen Weiterentwicklung

Angebot:

• Karrierekompass für Physiker:innen 
• Patentrecht - Erfindungen erkennen und sichern 
• Umgang mit Medien
• Projektmanagement für Physiker:innen 
• Systemmodellierung
• Besprechungen und Workshops souverän moderieren
• Kommunikation

Alle weiteren Informationen finden Sie unter: 
www.dpg-akademie.de 
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Synopsis of the Daily Programme 
 

Sunday, March 10, 2024

AKjDPG
Tutorials

17:00 HS 3042 AKjDPG 1.1 High-precision Penning-trap mass spectrometry: Basics and Applications
   •Klaus Blaum
17:45 HS 3042 AKjDPG 1.2 Radioactive ions in heavy-ion storage rings: Intersection of nuclear, atomic 

and astrophysics
   •Yury A Litvinov
17:00 HS 3044 AKjDPG 2.1 Experiments with Ultracold Quantum Gases of Magnetic Atoms
   •Lauriane Chomaz
17:45 HS 3044 AKjDPG 2.2 Theoretical modelling of dipolar quantum gases
   •Thomas Bland

Sessions
17:00 HS 3042 AKjDPG 1 Tutorial: Mass Spectrometry
17:00 HS 3044 AKjDPG 2 Tutorial: Dipolar Gases 

 
 
 

Monday, March 11, 2024

08:55 Paulussaal  Opening

Plenary Talks
09:00 Paulussaal PV I From quantum foundations to quantum communication technologies and back
   • Nicolas Gisin
09:45 Paulussaal PV II Frequency Combs and Dual-Comb Interferometry
   •Nathalie Picqué

SYAD
Invited Talks

14:30 Paulussaal SYAD 1.1 Quantum steering of a Szilárd engine
   •Konstantin Beyer
15:00 Paulussaal SYAD 1.2 Does a disordered Heisenberg quantum spin system thermalize?
   •Titus Franz
15:30 Paulussaal SYAD 1.3 Quantum optical few-mode models for lossy resonators
   •Dominik Lentrodt
16:00 Paulussaal SYAD 1.4 Non-Hermitian topology and directional amplification
   •Clara Wanjura

Session
14:30 Paulussaal SYAD 1 SAMOP Dissertation Prize

A
Invited Talk

11:00 HS 1010 A 1.1 Exploring the Supersolid Stripe Phase in a Spin-Orbit Coupled Bose-Einstein 
Condensate

   •Sarah Hirthe
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Monday, March 11, 2024

A
Sessions

11:00 HS 1010 A 1 Ultra-cold Atoms, Ions and BEC I
11:00 HS 1098 A 2 Attosecond Physics I
11:00 Aula A 3 Bosonic Quantum Gases I
11:00 HS 3044 A 4 Coulomb-explosion Imaging
17:00 HS 1010 A 5 Ultra-cold Plasmas and Rydberg Systems I
17:00 HS 1098 A 6 Atomic Systems in External Fields I
17:00 Aula A 7 Bosonic Quantum Gases II
17:00 HS 1221 A 8 Precision Measurements I
17:00 HS 3044 A 9 Strong-field Ionization and Imaging

MO
Invited Talk

11:00 HS 3044 MO 1.1 Imaging ultrafast molecular dissociation dynamics; from conventional to 
surprising paths

   •Heide Ibrahim

Sessions
11:00 HS 3044 MO 1 Coulomb-explosion Imaging
11:00 HS 1098 MO 2 Attosecond Physics I
17:00 HS 1015 MO 3 Novel Spectroscopies
17:00 HS 3044 MO 4 Strong-field Ionization and Imaging

MS
Invited Talks

11:00 HS 3042 MS 1.1 High precision determination of nuclear mass ratios of stable even Yb iso-
topes to probe for fifth force mediators

   •Menno Door
17:00 HS 3042 MS 2.1 Measurement of the bound-state beta decay of 205Tl81+ ions at heavy-ion sto-

rage ring
   •Ruijiu Chen

Sessions
11:00 HS 3042 MS 1 Precision Mass Spectrometry
17:00 HS 3042 MS 2 New Methods, Applications, Storage Rings

Q
Invited Talks

11:00 HS 1221 Q 5.1 Tailoring design of quantum sensor to biomedical applications
   •Victor Lebedev
17:00 HS 1199 Q 10.1 Correlated light-matter states from first principles and their use for chirality, 

and chemistry
   •Christian Schäfer

Sessions
11:00 HS 1010 Q 1 Ultra-cold Atoms, Ions and BEC I
11:00 HS 1015 Q 2 QED
11:00 Aula Q 3 Bosonic Quantum Gases I
11:00 HS 1199 Q 4 Hybrid Quantum Systems
11:00 HS 1221 Q 5 Magnetometry
11:00 HS 3118 Q 6 Solid State Quantum Optics I
11:00 HS 3219 Q 7 Quantum Communication I
17:00 HS 1010 Q 8 Ultra-cold Plasmas and Rydberg Systems I
17:00 Aula Q 9 Bosonic Quantum Gases II

16



Monday, March 11, 2024

Q
17:00 HS 1199 Q 10 Cavity QED
17:00 HS 1221 Q 11 Precision Measurements I
17:00 HS 3118 Q 12 Quantum Communication II
17:00 HS 3219 Q 13 Quantum Technologies

19:00 Mensa Rempartstraße Welcome Evening (for registered participants)
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Tuesday, March 12, 2024

Plenary Talks
09:00 Paulussaal PV III Roller coaster with cold molecules
   •Ed Narevicius
09:45 Paulussaal PV IV Highly Charged Ion Optical Clocks to Test Fundamental Physics
   •Piet O. Schmidt

SYAS
Prize Talks

15:00 Paulussaal SYAS 1.1 Quantum Simulations with Atoms, Molecules and Photons
   •Immanuel Bloch (Laureate of the Stern-Gerlach-Medal 2024)
15:30 Paulussaal SYAS 1.2 Spectroscopy of molecules with large amplitude motions: a journey from 

molecular structure to astrophysics.
   •Isabelle Kleiner (Laureate of the Gentner-Kastler-Prize 2024)
16:00 Paulussaal SYAS 1.3 Quantum x-ray nuclear optics: progress and prospects
   •Olga Kocharovskaya (Laureate of the Herbert-Walther-Prize 2024)
16:30 Paulussaal SYAS 1.4 3D printed complex microoptics: fundamentals and first benchmark 
   applications
   •Harald Giessen (Laureate of the Robert-Wichard-Pohl-Prize 2024)

Session
14:30 Paulussaal SYAS 1 Award Symposium

SYCE
Invited Talks

11:00 Paulussaal SYCE 1.1 Dissociation of halogenated organic molecules induced by soft X-rays -- pa-
thways and early stages

   •Edwin Kukk
11:30 Paulussaal SYCE 1.2 X-ray induced Coulomb explosion imaging with channel-selectivity
   •Rebecca Boll
12:00 Paulussaal SYCE 1.3 Time-resolved Coulomb Explosion Imaging using X-ray Free-Electron Lasers
   •Till Jahnke
12:30 Paulussaal SYCE 1.4 Dynamics and control of microsolvated biomolecules studied by Coulomb 

explosion imaging
   •Sebastian Trippel

Session
11:00 Paulussaal SYCE 1 Coulomb-Explosion Imaging

A
Invited Talk

11:00 HS 1010 A 10.1 Strong-field coherent control in the extreme ultraviolet domain
   •F. Richter

Sessions
11:00 HS 1010 A 10 Interaction with Strong or Short Laser Pulses I
11:00 HS 1098 A 11 Precision Spectroscopy of Atoms and Ions I
11:00 Aula A 12 Bosonic Quantum Gases III
11:00 HS 1221 A 13 Trapping and Cooling of Atoms
13:15 HS 1010 A 14 Members‘ Assembly
17:00 Tent A A 15 Poster I
17:00 Tent B A 16 Poster II
17:00 Tent C A 17 Poster III
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Tuesday, March 12, 2024

MO
Sessions

11:00 HS 1010 MO 5 Interaction with Strong or Short Laser Pulses I
11:00 HS 3044 MO 6 Ultracold Molecules and Precision Spectroscopy
17:00 Tent C MO 7 Poster: Spectroscopy
17:00 Tent C MO 8 Poster: Collisions

MS
Invited Talk

11:00 HS 3042 MS 3.1 Recent Developments at CologneAMS
   •Dennis Mücher

Sessions
11:00 HS 3042 MS 3 Accelerator Mass Spectrometry I
17:00 Aula Foyer MS 4 Poster

Q
Invited Talks

11:00 HS 1015 Q 15.1 Levitated nanoparticles as testbeds for fundamental aspects of physics
   •Julen S. Pedernales
11:00 HS 1221 Q 18.1 Continuous lasing and pinning of the dressed cavity resonance with 

strongly-coupled 88Sr atoms in a ring cavity
   •Vera Schäfer

Sessions
11:00 HS 1098 Q 14 Precision Spectroscopy of Atoms and Ions I
11:00 HS 1015 Q 15 Optomechanics
11:00 Aula Q 16 Bosonic Quantum Gases III
11:00 HS 1199 Q 17 Quantum Information I
11:00 HS 1221 Q 18 Trapping and Cooling of Atoms
11:00 HS 3044 Q 19 Ultracold Molecules and Precision Spectroscopy
11:00 HS 3118 Q 20 Quantum Many-Body Dynamics
11:00 HS 3219 Q 21 Quantum Communication III
13:15 HS 1199 Q 22 Members‘ Assembly
17:00 Tent B Q 23 Poster I
17:00 KG I Foyer Q 24 Poster II

10:30 Tents A-C  Exhibition of Scientific Instruments and Literature

14:30 Paulussaal  Awards Ceremony
   - Awarding of the SAMOP Dissertation Prize 2024
   - Awarding of the Herbert-Walther-Prize 2024

19:00 Platz d. Alten Synagoge jDPG Pub Crawl
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www.quantum2025.de

The formulation of quantum mechanics in 1925 has laid a lasting 
foundation for our physical understanding of nature.
It came to stretch our imagination, since fundamental concepts 
such as the superposition of states of matter contradict our eve-
ryday experience. At the same time, it has expanded our know-
ledge about our material environment to such an extent that our 
society continues to acquire novel technical capabilities till today. 
Quantum technologies that have emerged from the beginning 
have not only changed our daily lives, they have also become 
pillars of our prosperity.
Quantum theory has fundamentally changed our view of the 
world and is having an impact on all areas of our culture, science, 
technology, and art.
Enough reason for the German Physical Society (DPG), together 
with its sister societies and scientifi c ins-
titutions all over the world, to shed light on 
the role of quantum physics in the light of its 
results, its future options and its origin in all 
its facets after one hundred years of a suc-
cess story in the year 2025.

100 years is just the beginning ... 
Quantum2025 – 
Shaping the Future with 
Science and Technology



Wednesday, March 13, 2024

Plenary Talks
09:00 Paulussaal PV V Is physics timeless ?
   •Jan Michael Rost
09:45 Paulussaal PV VI Investigating the atomic and nuclear structure of the heaviest elements
   •Michael Block

SYCC
Invited Talks

11:00 Paulussaal SYCC 1.1 Dynamics of CO2 activation by transition metal ions – The importance of 
intersystem crossing

   •Jennifer Meyer
11:30 Paulussaal SYCC 1.2 Angular momentum of small molecules: quasiparticles and topology
   •Mikhail Lemeshko
12:00 Paulussaal SYCC 1.3 Manoeuvring chemical reactions one degree of freedom at a time
   •Jutta Toscano
12:30 Paulussaal SYCC 1.4 Cold and controlled collisions using tamed molecular beams
   •Sebastiaan van de Meerakker

Session
11:00 Paulussaal SYCC 1 Controlled Molecular Collisions

A
Invited Talk

11:00 HS 1010 A 18.1 Attosecond photoionization dynamics in CO2 using coincidence spectroscopy
   •Ioannis Makos

Sessions
11:00 HS 1010 A 18 Attosecond Physics II / Interaction with VUV and X-ray Light
11:00 HS 1098 A 19 Precision Spectroscopy of Atoms and Ions II
11:00 HS 1199 A 20 Fermionic Quantum Gases I
14:30 HS 1010 A 21 Interaction with Strong or Short Laser Pulses II
14:30 HS 1098 A 22 Highly Charged Ions and their Applications I
14:30 HS 1015 A 23 Atomic Clusters
14:30 Aula A 24 Fermionic Quantum Gases II
17:00 Tent A A 25 Poster IV
17:00 Tent C A 26 Poster V

MO
Invited Talk

14:30 HS 3042 MO 15.1 Metal Cluster opportunities
   •Gereon Niedner-Schatteburg

Sessions
11:00 HS 1010 MO 9 Attosecond Physics II / Interaction with VUV and X-ray light
11:00 HS 1015 MO 10 Ultracold Molecules
11:00 HS 3044 MO 11 X-ray Spectroscopy
13:00 HS 3044 MO 12 Members‘ Assembly
14:30 HS 1010 MO 13 Interaction with Strong or Short Laser Pulses II
14:30 HS 1015 MO 14 Atomic Clusters
14:30 HS 3042 MO 15 Spectroscopy of Metal Clusters
14:30 HS 3044 MO 16 Ultrafast Dynamics I
17:00 Tent C MO 17 Poster: Cold Molecules
17:00 Tent C MO 18 Poster: Cluster

www.quantum2025.de

The formulation of quantum mechanics in 1925 has laid a lasting 
foundation for our physical understanding of nature.
It came to stretch our imagination, since fundamental concepts 
such as the superposition of states of matter contradict our eve-
ryday experience. At the same time, it has expanded our know-
ledge about our material environment to such an extent that our 
society continues to acquire novel technical capabilities till today. 
Quantum technologies that have emerged from the beginning 
have not only changed our daily lives, they have also become 
pillars of our prosperity.
Quantum theory has fundamentally changed our view of the 
world and is having an impact on all areas of our culture, science, 
technology, and art.
Enough reason for the German Physical Society (DPG), together 
with its sister societies and scientifi c ins-
titutions all over the world, to shed light on 
the role of quantum physics in the light of its 
results, its future options and its origin in all 
its facets after one hundred years of a suc-
cess story in the year 2025.

100 years is just the beginning ... 
Quantum2025 – 
Shaping the Future with 
Science and Technology
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Wednesday, March 13, 2024

MS
Invited Talks

11:00 HS 3042 MS 5.1 Laser spectroscopy studies of heavy actinides
   •Dominik Studer
17:00 HS 3042 MS 6.1 Can we tame neutrons with a storage ring?
   •Iris Dillmann

Sessions
11:00 HS 3042 MS 5 Heavy and Superheavy Nuclei
17:00 HS 3042 MS 6 New Methods, AMS II, Applications, Actinides

Q
Invited Talks

11:00 HS 1015 Q 26.1 Ultracold interactions between ions and polar molecules
   •Leon Karpa
12:30 HS 1015 Q 26.6 Quantum Logic Spectroscopy of the Hydrogen Molecular Ion
   •Daniel Kienzler
11:00 Aula Q 27.1 Engineering of many-body states in a driven-dissipative cavity QED system
   •Tobias Donner
14:30 HS 1221 Q 34.1 Optically addressable nuclear spin registers with V2 center in 4H-SiC
   •Vadim Vorobev
14:30 HS 3118 Q 35.1 Quantum correlations in the phase space
   •Elizabeth Agudelo

Sessions
11:00 HS 1098 Q 25 Precision Spectroscopy of Atoms and Ions II
11:00 HS 1015 Q 26 Ultracold Molecules
11:00 Aula Q 27 Phase Transitions
11:00 HS 1199 Q 28 Fermionic Quantum Gases I
11:00 HS 1221 Q 29 Photonics
11:00 HS 3118 Q 30 Color Centers I
11:00 HS 3219 Q 31 Quantum Communication IV
14:30 Aula Q 32 Fermionic Quantum Gases II
14:30 HS 1199 Q 33 Open Quantum Systems
14:30 HS 1221 Q 34 Color Centers II
14:30 HS 3118 Q 35 Quantum States of Light
14:30 HS 3219 Q 36 Quantum Metrology and Interference
17:00 Tent B Q 37 Poster III
17:00 KG I Foyer Q 38 Poster IV
17:00 Aula Foyer Q 39 Poster V

AKC
Invited Talk

13:00 Aula AKC 1.1 What‘s wrong with me?
   •Pauline Gagnon

Sessions
13:00 Aula AKC 1 AKC
13:00 Aula AKC 2 Women in Physics Lunch

10:30 Tents A-C  Exhibition of Scientific Instruments and Literature
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Wednesday, March 13, 2024

Job Market
11:00 Veranstaltungssaal 
 Universitätsbibliothek d-fine GmbH
   
13:00 Veranstaltungssaal 
 Universitätsbibliothek Basycon Unternehmensberatung GmbH
   
15:00 Veranstaltungssaal 
 Universitätsbibliothek Carl Zeiss AG
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Thursday, March 14, 2024

Plenary Talks
09:00 Paulussaal PV VII Electronic molecular movies at FLASH
   •Markus Gühr
09:45 Paulussaal PV VIII Continuous Frontiers for Quantum Measurements
   •Birgitta Whaley

SYMC
Invited Talks

11:00 Paulussaal SYMC 1.1 Infrared spectroscopic studies of molecular activation at metal clusters
   •Stuart Mackenzie
11:30 Paulussaal SYMC 1.2 Dynamic metal-metal cooperation in chemical reactions
   •Jana Roithová
12:00 Paulussaal SYMC 1.3 A closer look at the electronic structure of simple metal clusters
   •Bernd von Issendorff
12:30 Paulussaal SYMC 1.4 IR action spectroscopy of metal clusters, complexes and diatomics with free 

electron lasers
   •André Fielicke

Session
11:00 Paulussaal SYMC 1 Size Selected Metal Cluster Spectroscopies

A
Sessions

11:00 HS 1010 A 27 Precision Spectroscopy of Atoms and Ions III
11:00 HS 1098 A 28 Ultra-cold Atoms, Ions and BEC II
14:30 HS 1010 A 29 Ultra-cold Atoms, Ions and BEC III
14:30 HS 1098 A 30 Precision Spectroscopy of Atoms and Ions IV
14:30 HS 1015 A 31 Atomic Systems in External Fields II
14:30 Aula A 32 Quantum Gases
17:00 Tent A A 33 Poster VI
17:00 Tent B A 34 Poster VII
17:00 Tent C A 35 Poster VIII

MO
Invited Talk

11:00 HS 3044 MO 19.1 Controlling the internal quantum states of chiral molecules
   •Sandra Eibenberger-Arias

Sessions
11:00 HS 3044 MO 19 Chirality
14:30 HS 3042 MO 20 Theoretical Molecular Physics
14:30 HS 3044 MO 21 Ultrafast Dynamics II
17:00 Tent C MO 22 Poster: Molecules in Strong Fields
17:00 Tent C MO 23 Poster: Chirality
17:00 Tent C MO 24 Poster: Experimental Techniques

MS
Invited Talk

11:00 HS 3042 MS 7.1 High-precision mass measurements for nuclear structure and nuclear astro-
physics

   •Anu Kankainen
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Thursday, March 14, 2024

MS
Sessions

11:00 HS 3042 MS 7 Accelerator Mass Spectrometry III
13:00 HS 3042 MS 8 Members‘ Assembly

Q
Invited Talks

11:00 HS 1015 Q 42.1 Theory of robust quantum many-body scars in long-range interacting systems
   •Silvia Pappalardi
11:00 HS 1221 Q 45.1 Quantum Sensing in Space for Fundamental Physics and Applications
   •Naceur Gaaloul
14:30 HS 1199 Q 51.1 From the origin of antibunching to novel quantum light sources based on 

two-photon interference
   •Martin Cordier
14:30 HS 1221 Q 52.1 Structured light and its interaction with matter
   •Robert Fickler

Sessions
11:00 HS 1010 Q 40 Precision Spectroscopy of Atoms and Ions III
11:00 HS 1098 Q 41 Ultra-cold Atoms, Ions and BEC II
11:00 HS 1015 Q 42 Long-range Interactions
11:00 Aula Q 43 Color Centers III
11:00 HS 1199 Q 44 Quantum Information II
11:00 HS 1221 Q 45 Quantum Metrology for Fundamental Physics
11:00 HS 3118 Q 46 Lasers I
11:00 HS 3219 Q 47 Open Quantum Systems
14:30 HS 1010 Q 48 Ultra-cold Atoms, Ions and BEC III
14:30 HS 1098 Q 49 Precision Spectroscopy of Atoms and Ions IV
14:30 Aula Q 50 Quantum Gases
14:30 HS 1199 Q 51 Quantum Optical Correlations
14:30 HS 1221 Q 52 Structured Light
14:30 HS 3118 Q 53 Quantum Control
14:30 HS 3219 Q 54 Quantum Optics in Space
17:00 Tent B Q 55 Poster VI
17:00 KG I Foyer Q 56 Poster VII
17:00 Aula Foyer Q 57 Poster VIII

10:30 Tents A-C  Exhibition of Scientific Instruments and Literature

Job Market
13:00 Veranstaltungssaal 
 Universitätsbibliothek TRUMPF Lasersystems for Semiconductor Manufacturing GmbH

14:00 Veranstaltungssaal  Berufsvorbereitung durch DPG-Programme
 Universitätsbibliothek „Finde deinen Weg: Berufliche Orientierung und Unterstützung durch die DPG“

Evening Talk (free entrance)
20:00 Paulussaal PV IX Von der Sonne lernen – Ein Stern als Physiklabor
    • Oskar von der Lühe 
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Friday, March 15, 2024

Plenary Talks
09:00 Paulussaal PV X Search as (quantum) selforganized process
   •Giovanna Morigi
09:45 Paulussaal PV XI Listening to, and learning from, ultrafast few-body quantum dynamics in 

intense laser fields
   •Thomas Pfeifer

SYQO
Invited Talks

11:00 Paulussaal SYQO 1.1 Coherent and incoherent dynamics of colloidal plexcitonic nanohybrids
   •Elisabetta Collini
11:30 Paulussaal SYQO 1.2 Dissipative Many-Body Dynamics in Atomic Subwavelength Arrays in Free 

Space
   •Stefan Ostermann
12:00 Paulussaal SYQO 1.3 Quantum dot sources: efficiency, entanglement, and correlations.
   •Ana Predojević

Session
11:00 Paulussaal SYQO 1 Ultrafast Quantum Nano-Optics

A
Invited Talk

11:00 HS 1010 A 36.1 Stringent Test of QED predictions using Highly Charged Tin
   •Jonathan Morgner

Sessions
11:00 HS 1010 A 36 Highly Charged Ions and their Applications II
11:00 HS 1098 A 37 Ultra-cold Atoms, Ions and BEC IV
11:00 HS 1199 A 38 Trapped Ions
11:00 HS 1221 A 39 Precision Measurements II
14:30 HS 1010 A 40 Ultra-cold Atoms, Ions and BEC V
14:30 HS 1098 A 41 Precision Spectroscopy of Atoms and Ions V / Ultra-cold Plasmas and Ryd-

berg Systems II
14:30 HS 1221 A 42 Precision Measurements III
14:30 HS 3044 A 43 Ultrafast Dynamics III and High-harmonic Generation

MO
Sessions

11:00 HS 3044 MO 25 Novel Experimental Approaches
14:30 HS 3042 MO 26 Cluster
14:30 HS 3044 MO 27 Ultrafast Dynamics III and High-harmonic Generation

MS
Invited Talk

11:00 HS 3042 MS 9.1 Influx of interstellar 60Fe and ²⁴⁴Pu onto Earth within the last 10 million years 
recorded in a ferromanganese crust

   •Dominik Koll

Session
11:00 HS 3042 MS 9 Accelerator Mass Spectrometry IV
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Friday, March 15, 2024

Q
Invited Talks

11:00 HS 1199 Q 61.1 Photonic integration for trapped-ion quantum metrology
   •Elena Jordan
14:30 Aula Q 67.1 Towards an Artificial Muse for new Ideas in Quantum Physics
   •Mario Krenn

Sessions
11:00 HS 1098 Q 58 Ultra-cold Atoms, Ions and BEC IV
11:00 HS 1015 Q 59 Lasers II
11:00 Aula Q 60 Quantum Computing and Simulation I
11:00 HS 1199 Q 61 Trapped Ions
11:00 HS 1221 Q 62 Precision Measurements II
11:00 HS 3118 Q 63 Strong Light-Matter Interaction
11:00 HS 3219 Q 64 Solid State Quantum Optics II
14:30 HS 1010 Q 65 Ultra-cold Atoms, Ions and BEC V
14:30 HS 1098 Q 66 Precision Spectroscopy of Atoms and Ions V / Ultra-cold Plasmas and Ryd-

berg Systems II
14:30 Aula Q 67 Machine Learning
14:30 HS 1199 Q 68 Quantum Computing and Simulation II
14:30 HS 1221 Q 69 Precision Measurements III
14:30 HS 3118 Q 70 Quantum Optics
14:30 HS 3219 Q 71 Nano-Optics
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Plenary talks (PV)

Plenary and Evening Talks

Plenary Talk PV I Mon 9:00 Paulussaal
From quantum foundations to quantum communication technologies and
back — ∙Nicolas Gisin — Group of Applied Physics, University of Geneva,
Rue de l’Ecole de Médecine 20, 1205 Geneva, Switzerland — Constructor Uni-
versity, Geneva, Switzerland
Quantum information science emerged from studies on the foundations of quan-
tum physics. I’ll illustrate this, starting from Bell inequalities all the way to
commercial Quantum Key Distribution and Quantum Random Number Gen-
erator chips. But the story doesn’t stop here. Quantum information science,
in turn, feeds back into the foundations, asking questions like, e.g., “how does
non-locality manifest in quantum networks” and “how should one describe joint
quantum measurements (especially when paying attention to energy conserva-
tion)”.

Plenary Talk PV II Mon 9:45 Paulussaal
Frequency Combs and Dual-Comb Interferometry — ∙Nathalie Picqué —
Max-Born Institute for Nonlinear Optics and Short Pulse Spectroscopy, Berlin,
Germany — Max-Planck Institute of Quantum Optics, Garching, Germany —
Humboldt University of Berlin, Germany
Optical frequency combs have revolutionized time and frequency metrology by
providing rulers in frequency space that measure large optical frequency dif-
ferences and/or straightforwardly link microwave and optical frequencies. Such
combs enable precision laser spectroscopy, tests of fundamental physics and pro-
vide the long-missing clockwork mechanism for optical clocks.

One of the most successful applications of frequency combs beyond their
original purpose has been dual-comb interferometry. An interferometer can
be formed using two frequency combs of slightly different line spacing. Dual-
comb interferometers without moving parts are fundamentally different from
any other type of interferometers for broadband light sources: they perform di-
rect frequency measurements, without geometric limitations to resolution. They
outperform state-of-the-art devices in an increasing number of fields including
spectroscopy and three-dimensional imaging, offering a unique host of features
such as frequency measurements, accuracy, precision, speed.

This talk will provide an introduction to dual-comb interferometry and will
survey its latest exciting developments.

Plenary Talk PV III Tue 9:00 Paulussaal
Roller coaster with cold molecules— ∙Ed Narevicius— TU Dortmund
Quantum effects play a central role in low temperature collisions. Particularly
important is the formation of metastable scattering resonances that lead to tem-
porary trapping of the colliding particles. Observation of such states has long
been limited to laser cooled species, leaving chemically relevant molecules such
as hydrogen out of reach. I will present our method that uses high magnetic field
gradients to merge two molecular beams circumventing the laser cooling step.
It allows us to perform collisions with molecular hydrogen at energies reaching
0.001 K. I will show the fingerprints of quantum resonances on observable prop-
erties and also highlight the astounding effect of the internal molecular structure
and symmetry. Finally, I will discuss how amovingmagnetic trap decelerator can
serve as stepping stone towards the direct laser cooling of diatomic radicals.

Plenary Talk PV IV Tue 9:45 Paulussaal
Highly Charged Ion Optical Clocks to Test Fundamental Physics— ∙Piet O.
Schmidt — Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
— Leibniz Universität Hannover, Hannover, Germany
The extreme electronic properties of highly charged ions (HCI) make them
highly sensitive probes for testing fundamental physical theories while reduc-
ing systematic frequency shifts, making HCI excellent optical clock candidates.
The technical challenges that hindered the development of such clocks have now
all been overcome, starting with their extraction from a hot plasma and sympa-
thetic cooling in a linear Paul trap, readout of their internal state via quantum
logic spectroscopy, and finally the preparation of the HCI in the ground state
of motion of the trap. Here, we present the first operation of an atomic clock
based on anHCI (Ar13+ in our case) and a full evaluation of systematic frequency
shifts. The achieved uncertainty is almost eight orders of magnitude lower than
any previous frequency measurements using HCI and comparable to other op-
tical clocks. By comparing the isotope shift between 36Ar13+ and 40Ar13+ the
theoretically predicted QED nuclear recoil effect could be confirmed. Finally,
first results on the search for a 5th force based on isotope shift spectroscopy of
Ca+/Ca14+ isotopes will be presented. This demonstrates the suitability of HCI
as references for high-accuracy optical clocks and to probe for physics beyond
the standard model.

Plenary Talk PV V Wed 9:00 Paulussaal
Is physics timeless ? — ∙Jan Michael Rost — Max Planck Institute for the
Physics of Complex Systems, Dresden, Germany
Time has always fascinated and puzzled humanity and plays a role in very differ-
ent contexts, from society, to individual living beings, to fundamental laws of na-
ture. In quantummechanics, time has the peculiar property that it is a parameter
and not an operator. In this talk we will try to understand time and this quantum
property by arguing that time is not fundamental but emerges upon separation
of systems. More specifically, we will derive from the heavily entangled eigen-
state of a global Hamiltonian comprising the system and its environment the
time-dependent Schroedinger equation for the system under interaction of sys-
tem and environment. Tanking this relational time approach one step further,
thermodynamics for the system can also be derived with complex relational time
as emergent from a structureless, global energy eigenstate.

Plenary Talk PV VI Wed 9:45 Paulussaal
Investigating the atomic and nuclear structure of the heaviest elements —
∙Michael Block—GSI Helmholtzzentrum für Schwerionenforschung, 64291
Darmstadt — Helmholtz-Institut Mainz, 55099 Mainz — Johannes Gutenberg-
Universität Mainz, 55099 Mainz
The study of heavy and superheavy elements is a multi-faceted field of science.
The heaviest of the 118 presently known chemical elements show pronounced
features of relativistic effects impacting their atomic level structure and their
chemical properties. With Zα ≈ 1 also quantum electrodynamics effects also be-
come important. Moreover, superheavy nuclei are in the focus of nuclear physics
with distinct features different from lighter nuclei. Their existence is thanks to
nuclear shell effects that stabilise them against the disintegration by spontaneous
fission due to the strongCoulomb repulsion. This is predicted to eventually result
in a central depression of the nuclear charge distribution for even to give rise to
specific shapes such as bubble nuclei. The experimental study of the heaviest ele-
ments is challenging as they can only be produced artificially in nuclear reactions
at accelerator facilities in atom-at-a-time quantities and are often short-lived. In
recent years, we have established tailored experimental methods allowing us to
extend the reach of Penning-trap mass spectrometry and resonant ionisation
laser spectroscopy to heavy elements well beyond uranium. In my talk I will
present the latest results on mean-square charge radii of fermium and nobelium
isotopes as well as mass measurements of nuclides up to dubnium isotopes.

Plenary Talk PV VII Thu 9:00 Paulussaal
Electronic molecular movies at FLASH — ∙Markus Gühr — Deutsches
Elektronen-Synchrotron DESY, Notkestr. 85, 22607 Hamburg — Institute of
Physical Chemistry, University of Hamburg, Grindelallee 117, 20146 Hamburg
The conversion of light energy intomolecular energy forms, such as bond forma-
tion, charge transfer, and heat, results from a concerted and ultrafast motion of
electrons and nuclei. This phenomenon frequently occurs under the breakdown
of the Born-Oppenheimer approximation. This presentation focuses on ultrafast
experiments conducted at the free-electron laser FLASH aimed at resolving the
underlying electronic molecular dynamics with soft X-ray probe pulses. Utiliz-
ing the element and site specificity of soft X-rays, we extract details about valence
electron dynamics on a femtosecond time scale, achieving atomic spatial reso-
lution. Furthermore, we will present a complementary perspective on changes
in nuclear geometry, providing a comprehensive understanding of the intercon-
nected electron-nuclear dynamics in molecular photoenergy conversion.

The presentation will also provide an overview of the atomic and molecu-
lar science program at FLASH, highlighting new opportunities arising from in-
creased coherence resulting from externally seeded operations at high repetition
rates.

Plenary Talk PV VIII Thu 9:45 Paulussaal
Continuous Frontiers for QuantumMeasurements— ∙BirgittaWhaley—
University of California, Berkeley
Quantum measurements are an essential component of quantum information
science and technology but are often presented only within discrete formula-
tions. Continuous weak measurements provide a versatile framework for moni-
toring quantum systems that can be integrated with feedback onto both unitary
and dissipative measurement controls, allowing for a broad range of applications
to key quantum information tasks. I shall describe examples of such control to
superconducting qubit platforms where this enables high fidelity generation of
large-scale entangled states, continuous quantum error correction, implementa-
tion of quantum gates and quantum state steering (‘dragging’) by continuously
implemented quantum Zeno dynamics and realizing controlled non-Hermitian
quantum dynamics.
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Plenary talks (PV)

Evening Talk PV IX Thu 20:00 Paulussaal
Von der Sonne lernen - Ein Stern als Physiklabor — ∙Oskar von der Lühe
— Leibniz-Institut für Sonnenphysik, Freiburg i. Br.
Die Sonne ist der uns nächste Stern und zeigt die auf und in Sternen vorkom-
menden physikalischen Phänomene in einemDetail, welches die anderen Sterne
aufgrund ihrer großen Entfernung nicht vermögen. Viele fundamentale physi-
kalische Prozesse wurden zuerst auf der Sonne entdeckt, bevor sie bei anderen
Sternen nachgewiesenwerden konnten.Dazu benutzen die Forscher seit 150 Jah-
ren Teleskope, welche speziell für die Sonnenbeobachtung entworfen wurden.
Dieser Vortrag führt durch die Geschichte der Sonnenteleskope und erläutert
die damit gewonnenen physikalischen Erkenntnisse. Eine besondere Rolle spielt
der Beitrag der Sonnenforschung in Freiburg.

Plenary Talk PV X Fri 9:00 Paulussaal
Search as (quantum) selforganized process— ∙GiovannaMorigi— Theoret-
ical Physics, Saarland University
Efficient retrieval of information is a core operation in the world wide web, is es-
sential for the sustainance of living organisms, and is a paradigm for optimiza-
tion algorithms. Inspired by the food search of living organisms, we model a
search mechanism on a graph with multiple constraints where the dynamics is
a selforganized process resulting from the interplay of coherent dynamics and
noise. We show that noise can be beneficial leading to a significantly faster con-
vergence to the optimal solution. We then analyse adiabatic quantum searches
that are assisted by stochastic dynamics and discuss when their efficiency can
outperform the one of the coherent counterparts.

Plenary Talk PV XI Fri 9:45 Paulussaal
Listening to, and learning from, ultrafast few-body quantum dynamics in in-
tense laser fields— ∙Thomas Pfeifer—Max-Planck-Institut für Kernphysik
Interactions of electrons govern everything we touch and see around us. While
manifesting on human timescales (> milliseconds (10−3 s)), the electronic
timescale within atoms ticks in attoseconds (10−18 s). Their fast "heartbeat"
makes these lightest charged fundamental particles respond quickly even to the
electric fields of light, with their optical-cycle periods of femtoseconds (10−15 s).
Coulomb forces bind electrons to nuclei in atoms, i.e. Angstrom-sized electron
traps with internal quantum states observed by resonant driving with light, also
giving objects their color. But what happens when the light becomes so intense
that electrons are pushed far outside their "comfort zone"?

This question fascinates physicists since the invention of the laser. Its con-
stant evolution now allows concentrating light in spacetime to (by far) exceed
the Coulomb binding forces. Control over the coherent fields of light renders
the steering of electrons in matter a reality—requiring "only" our understanding
of intense-light–matter interaction on a fundamental level, involving the motion
of at least two coupled electrons (the quantum few-body problem).

This talk will explain our ongoing quest of ultrafast quantum control of two or
more bound electrons, show examples of what has been understood already, and
shine light into the widely open future, where e.g. laser-programmed atoms may
one day perform (quantum-)computational tasks at Terahertz (or faster) clock
speeds.
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Symposium SAMOP Dissertation Prize 2024 (SYAD) Overview

Symposium SAMOP Dissertation Prize 2024 (SYAD)
jointly organized by all divisions of the section AMOP

Gereon Niedner-Schatteburg
Fachbereich Chemie

Technische Universität Kaiserslautern
Erwin-Schrödinger-Straße

67663 Kaiserslautern
gns@chemie.uni-kl.de

The divisions of the section AMOP award a PhD prize 2024. The prize acknowledges outstanding research
from a PhDwork and its excellent written and oral presentation. Eligible for nominationwere outstanding PhD
theses from the research fields of AMOP completed in 2022 or 2023. Based on the nominations, a jury formed
by representatives of the AMOP research areas selected four finalists for the award. The finalists are invited to
present their research in this dissertation prize symposium. Right after the symposium, the awardee will be
selected by the prize committee. The winner will be announced in the beginning of the Awards Symposium on
Tuesday afternoon.

Overview of Invited Talks and Sessions
(Lecture hall Paulussaal)

Invited Talks
SYAD 1.1 Mon 14:30–15:00 Paulussaal Quantum steering of a Szilárd engine— ∙Konstantin Beyer
SYAD 1.2 Mon 15:00–15:30 Paulussaal Does a disorderedHeisenberg quantum spin system thermalize? — ∙Titus Franz
SYAD 1.3 Mon 15:30–16:00 Paulussaal Quantum optical few-mode models for lossy resonators— ∙Dominik Lentrodt
SYAD 1.4 Mon 16:00–16:30 Paulussaal Non-Hermitian topology and directional amplification— ∙ClaraWanjura

Sessions
SYAD 1.1–1.4 Mon 14:30–16:30 Paulussaal SAMOP Dissertation Prize
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Symposium SAMOP Dissertation Prize 2024 (SYAD) Monday

Sessions
– Invited Talks –

SYAD 1: SAMOP Dissertation Prize
Time: Monday 14:30–16:30 Location: Paulussaal

Invited Talk SYAD 1.1 Mon 14:30 Paulussaal
Quantum steering of a Szilárd engine— ∙Konstantin Beyer—Stevens Insti-
tute of Technology, Hoboken, USA—Technische Universität Dresden, Dresden,
Germany
Work is one of the central concepts of classical thermodynamics. However, it has
proved difficult to extend this concept unambiguously to quantum systems, es-
pecially when it comes to measuring work. Unlike in classical physics, a thermal
quantum state is not a mixture of objective microstates, quantummeasurements
generally disturb the system, and quantum systems exhibit non-classical corre-
lations, to name just a few of the central issues.

We illustrate these conceptual differences with the help of a quantum Szilárd
engine. In the classical version of this thought experiment, a so-called Maxwell’s
demon extracts work from a thermal state by observing the position of a single
particle in a box and applying a suitable work extraction operation. In the quan-
tum case, the work output of the engine depends strongly on the measurement
made by the demon to determine the state of the work medium.
We split the quantum Szilárd scenario into a bipartite setting. The demon is

only allowed to measure the thermal environment to indirectly determine the
system state. By sharing the acquired information with another agent, the latter
can extract work. In a suitable setting, it can then be shown that the maximum
work output of the engine can only be achieved if the thermal state of the work
medium cannot be decomposed into an ensemble of objective local (hidden)
states.

Invited Talk SYAD 1.2 Mon 15:00 Paulussaal
Does a disordered Heisenberg quantum spin system thermalize? — ∙Titus
Franz—Physikalisches Institut, Universität Heidelberg, Im Neuenheimer Feld
226, 69120 Heidelberg, Germany
Isolated quantum systems prepared far from equilibrium are generally expected
to show thermalization. As a notable exception to this rule, strongly disordered
systems can retain retrievable memory of their initial state for arbitrarily long
times, leading to a rich phenomenology ranging from glassy dynamics to many-
body localization. While exact numerical simulations are not possible beyond
very small system sizes, we can experimentally probe the relaxation dynamics
in an isolated spin system realized by a frozen gas of Rydberg atoms. Our find-
ings reveal an anomalously slow dynamics that is independent of the specific
type ofHeisenbergHamiltonian, suggesting a universal relaxation behavior. Fur-
thermore, we observe characteristic features in the long-time magnetization as
a function of a transverse external field, including non-analytic behavior at zero
field. The emergence of these distinctive features seems incompatible with the
assumption of local thermalization, which indicates that even large systems of
thousands of spins with long-range interactions in three dimensions have not
reached thermal equilibrium even at late times when the magnetization has al-
ready fully relaxed to zero. Both phenomena, the slow and universal relaxation
dynamics and the absence of thermalization at late times, point toward the emer-

gence of localization as the overarching principle governing out-of-equilibrium
dynamics of spatially disordered quantum spin systems.

Invited Talk SYAD 1.3 Mon 15:30 Paulussaal
Quantum optical few-mode models for lossy resonators — ∙Dominik
Lentrodt — Max-Planck-Institut für Kernphysik, Heidelberg — Albert-
Ludwigs-Universität Freiburg
Few-mode models — such as the Jaynes-Cummings model and its generalisa-
tions — have been an indispensable tool in studying light-matter interactions in
optical resonators and provide the theoretical basis for many experiments. Re-
cently, however, novel regimes featuring strong coupling in combination with
large losses have attracted attention in various experimental platforms. In this
context, central assumptions of these canonical quantum optical models break
down and lead to discrepancies in observations, which constituted an open prob-
lem.

In this talk, we will discuss recent extensions of such approaches and an asso-
ciated class of loss-induced multi-mode effects. We show how the open Jaynes-
Cummings model can be derived from first principles, circumventing usually
employed fitting procedures and resolving aforementioned discrepancies. We
will further discuss how these developments have led to ab initiomodels for x-ray
quantum optics with Mössbauer nuclei — an emerging field at the high-energy
frontier of quantum optics — enabling predictions for upcoming experiments.

Invited Talk SYAD 1.4 Mon 16:00 Paulussaal
Non-Hermitian topology and directional amplification— ∙ClaraWanjura
—Max Planck Institute for the Science of Light, Erlangen, Germany
Topology has been a major research theme in condensed matter physics and is
associated with a number of remarkable phenomena such as robust edge states.
A prominent example is the quantumHall effect, in which the topological invari-
ant is directly observable through the Hall resistance. More recently, topology
started to be investigated in systems experiencing gain and loss sparking the field
of non-Hermitian topology. However, so far, a clear observable signature of non-
Hermitian topology had been lacking.

In this talk, I will show that non-trivial, non-Hermitian topology is in one-to-
one correspondence with the phenomenon of directional amplification in one-
dimensional bosonic systems, e.g., cavity arrays. Directional amplification al-
lows to selectively amplify signals depending on their propagation direction and
has attracted much attention as key resource for applications, such as quantum
information processing. Remarkably, in non-trivial topological phases, the end-
to-end gain grows exponentially with the number of sites. Furthermore, this ef-
fect is robust against disorder with the amount of tolerated disorder given by the
separation between the complex spectrum and the origin. Our work opens up
new routes for the design of multimode robust directional amplifiers and sensors
based on non-Hermitian topology that can be integrated in scalable platforms
such as superconducting circuits, optomechanical systems and nanocavity ar-
rays.
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Awards Symposium (SYAS) Overview

Awards Symposium (SYAS)
jointly organized by all divisions of the section AMOP

Gereon Niedner-Schatteburg
Fachbereich Chemie

Technische Universität Kaiserslautern
Erwin-Schrödinger-Straße

67663 Kaiserslautern
gns@chemie.uni-kl.de

The German Physical Society DPG grants a series of highly regarded prizes, and these are handed out in the
course of the “DPG Jahrestagung 2024” which takes place in Berlin. Part of the recognition of the awardees
is an invitation to a prize talk at one of the annual spring meetings, such that their award winning topics are
presented to an expert audience to attract high attention. In 2024 a group of four awardees present their prize
talks in the course of the SAMOP spring meeting in this symposium.
At the beginning of the session there are award ceremonies for the the SAMOP Dissertation Prize 2024 pre-
sented by the head of the section AMOPProf. Dr. GereonNiedner-Schatteburg and theHerbert-Walther-Prize
2024 presented by theDPGpresident Prof. Dr. JoachimUllrich and theOptica president Prof. Dr. Gerd Leuchs.

Overview of Invited Talks and Sessions
(Lecture hall Paulussaal)

Prize Talks
SYAS 1.1 Tue 15:00–15:30 Paulussaal Quantum Simulations with Atoms, Molecules and Photons— ∙Immanuel Bloch
SYAS 1.2 Tue 15:30–16:00 Paulussaal Spectroscopyofmoleculeswith large amplitudemotions: a journey frommolecular

structure to astrophysics. — ∙Isabelle Kleiner
SYAS 1.3 Tue 16:00–16:30 Paulussaal Quantum x-ray nuclear optics: progress and prospects— ∙Olga Kocharovskaya
SYAS 1.4 Tue 16:30–17:00 Paulussaal 3D printed complex microoptics: fundamentals and first benchmark applications

— ∙Harald Giessen

Sessions
SYAS 1.1–1.4 Tue 14:30–17:00 Paulussaal Award Symposium
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Awards Symposium (SYAS) Tuesday

Sessions
– Prize Talks –

SYAS 1: Award Symposium
Time: Tuesday 14:30–17:00 Location: Paulussaal

14:30 SAMOP Dissertation Prize 2024 award ceremony

14:45 Herbert-Walther-Prize 2024 award ceremony

Prize Talk SYAS 1.1 Tue 15:00 Paulussaal
Quantum Simulations with Atoms, Molecules and Photons — ∙Immanuel
Bloch — Ludwig-Maximilians-Universität — Max-Planck-Institut für Quan-
tenoptik—Munich Center for Quantum Science and Technology— Laureate of
the Stern-Gerlach-Medal 2024
40 years ago, Richard Feynman outlined his vision of a quantum simulator for
carrying out complex calculations of physical problems. Today, his dream has
become a reality and a highly active field of research across different platforms
ranging from ultracold atoms and ions, to superconducting qubits and photons.
In my talk, I will outline how ultracold atoms in optical lattices started this vi-
brant and interdisciplinary research field 20 years ago and now allow probing
quantum phases in- and out-of-equilibrium with fundamentally new tools and
single particle resolution. Novel (hidden) order parameters, entanglement prop-
erties, full counting statistics or topological features can now be measured rou-
tinely and provide deep new insight into the world of correlated quantummatter.
I will introduce the measurement and control techniques in these systems and
delineate recent applications regarding quantum simulations of strongly corre-
lated electronic systems, experiments on new dynamical phases of matter, novel
quantum optical light matter interfaces and progress towards the realization of
ultracold quantum matter of polar molecules.

Prize Talk SYAS 1.2 Tue 15:30 Paulussaal
Spectroscopy of molecules with large amplitude motions: a journey from
molecular structure to astrophysics. — ∙Isabelle Kleiner — Laboratoire
Interuniversitaire des Systèmes Atmosphériques, CNRS, Université Paris Cité
et Université Paris Est Créteil, France — Laureate of the Gentner-Kastler-Prize
2024
The topic ofmy talkwill concernmolecules containing LargeAmplitudeMotions
with one or two methyl (CH3) internal rotors. Internal rotors are present every-
where in our environment, and are important indicators of the physico-chemical
conditionswhich exist in it. They are also excellent *sensors* formolecular struc-
ture determinations.

The high resolution microwave or infrared spectra of those molecules cannot
be treated by traditional Hamiltonian methods. Dedicated theoretical methods
and codes have been developed to calculate the energy levels, and then to fit the
observed line positions for internal rotors. First I will briefly review those ap-
proaches. By combining the theory with state-of-the-art experimental data, reli-
able predictions for the line positions and intensities of astrophysical molecules
containing one or two internal rotor(s) can be provided. Internal rotation split-
tings can be also used to acquire knowledge on structural properties for small or-
ganicmolecules or biomimeticmolecules, which can serve as benchmark, and be
compared to quantum chemical calculations. In this talk, I will show results for
internal rotors which are prototype for odorant molecules and phytohormones,
as well as on methyl derivatives of five or six-membered aromatic rings of bio-
logical interest.

Prize Talk SYAS 1.3 Tue 16:00 Paulussaal
Quantum x-ray nuclear optics: progress and prospects — ∙Olga
Kocharovskaya — Texas A&M Univ., College Station, US — Laureate of
the Herbert-Walther-Prize 2024
Quantum x-ray nuclear optics is a fast-developing branch of quantum optics
dealing with hard x-ray photons and nuclear ensembles. Main advantages of
hard x-ray photons are high efficiency of the single photon detectors, possibility
of a tight focusing, deep penetration into medium and potentially broad band-
width. Main advantage of nuclear ensembles in comparison to atomic ones is
lower sensitivity to electric and magnetic perturbations. This opens prospects
for superior clocks, quantum memories and other quantum technologies. We
will discuss several recent advantages in this field. It includes successful reso-
nant excitation of Sc-45 isomer at 12.4 keV with x-ray pulses from EuXFEL [1].
While the only candidate studied so far for nuclear clock was Th-229 isomer [2],
resonant excitation of Sc-45 establishes this isomer as another promising candi-
date for nuclear clock. It also includes recently predicted [3] and experimentally
demonstrated [4] quantum storage of the hard x-ray photons in ensemble of nu-
clei, coherent control of the single gamma-ray waveforms [5] and phenomenon
of acoustically induced transparency for hard x-ray photons, an analogue of the
EIT and Autler-Towns effects in optics. It was shown that propagation of pho-
tons within the transparency window can occur at low group velocity about 10
m/s. [1] Yu. Shvydko et al., Nature 622, 471 (2023). [2] S. Kraemer et al., Nature
617, 706 (2023). [3] X. Zhang et al., PRL 123, 250504 (2019). [4] S. Velten et al.,
Nature Photonics (submitted). [5] F. G. Vagizov et al., Nature 508, 80 (2014).

Prize Talk SYAS 1.4 Tue 16:30 Paulussaal
3D printed complex microoptics: fundamentals and first benchmark appli-
cations— ∙Harald Giessen— 4. Physikalisches Institut, Universität Stuttgart
— Laureate of the Robert-Wichard-Pohl-Prize 2024
We introduce 3d printed complex microoptics, spanning a range between a few
micrometers up to 5 mm. Our lens system consist of aspherical multiplet lens
systems which can give high numerical apertures with simultaneously excellent
imaginag properties over the entire field of view, even directly on an optical
fiber tip. Combining several printed materials with different refractive indices
and dispersions and the combination with diffractive elements allows for re-
alization of micro-optical achromats or even apochromats which are aplanatic
(no first- and third-order aberrations such as spherical aberration, astigmatism,
coma, distortion etc.) and achromatic for 3 wavelengths (red, green, blue). We
also demonstrate the direct printing of black resists, which results in aperture
stops and blackened hulls. Atomic layer deposition yields antireflection coat-
ings on all optical elements. Confocal surface profiling and wavefront inter-
ferometry demonstrate accuracies far better than lambda/20. In combination
with high-resolution nanostructuring, also 3D holograms and metasurfaces can
be included. We utilize these methods to demonstrate the smallest endoscope
in the world, passing through a root canal of a tooth, as well as ultracompact
sensors. Coupling single quantum emitters or single photon detectors to single
mode fibers is demonstrated. Furthermore, single-fiber optical trapping of live
cells or atomic systems becomes possible.
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Symposium Controlled Molecular Collisions (SYCC) Overview

Symposium Controlled Molecular Collisions (SYCC)
jointly organized by

the Molecular Physics Division (MO),
the Atomic Physics Division (A), and

the Quantum Optics and Photonics Division (Q)

Roland Wester
Institut für Ionenphysik und Angewandte Physik

Technikerstraße 25/3
A-6020 Innsbruck

roland.wester@uibk.ac.at

Research in the field of cold and controlled collisions between atoms, molecules, and ions experienced a strong
upswing in recent years. A number of new experimental techniques have made it possible to investigate in-
elastic and reactive collisions with high resolution and thus to test theoretical models with high precision. Not
only elementary collisions of light atoms atoms such as hydrogen and helium, but even collisions of transition
metal ions can now be investigated.

Overview of Invited Talks and Sessions
(Lecture hall Paulussaal)

Invited Talks
SYCC 1.1 Wed 11:00–11:30 Paulussaal Dynamics of CO2 activation by transition metal ions - The importance of inter-

system crossing— ∙JenniferMeyer
SYCC 1.2 Wed 11:30–12:00 Paulussaal Angularmomentumof smallmolecules: quasiparticles and topology— ∙Mikhail

Lemeshko
SYCC 1.3 Wed 12:00–12:30 Paulussaal Manoeuvring chemical reactions one degree of freedom at a time — ∙Jutta

Toscano
SYCC 1.4 Wed 12:30–13:00 Paulussaal Cold and controlled collisions using tamedmolecular beams— ∙Sebastiaan van

deMeerakker

Sessions
SYCC 1.1–1.4 Wed 11:00–13:00 Paulussaal Controlled Molecular Collisions
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Symposium Controlled Molecular Collisions (SYCC) Wednesday

Sessions
– Invited Talks –

SYCC 1: Controlled Molecular Collisions
Time: Wednesday 11:00–13:00 Location: Paulussaal

Invited Talk SYCC 1.1 Wed 11:00 Paulussaal
Dynamics of CO2 activation by transition metal ions - The importance
of intersystem crossing — ∙Jennifer Meyer — Fachbereich Chemie und
Forschungszentrum OPTIMAS, RPTU Kaiserslautern-Landau, Kaiserlautern,
Germany
Understanding chemistry at the level of a reactive collision, that is how atoms
rearrange during the reactive event, is a fundamental question for physics and
chemistry. The energetics along the reaction coordinate are important and the
influence of barriers is often used to predict the outcome of a reaction. How-
ever, in small systems, especially in gas phase, submerged barriers with respect
to reactants can exert a profound influence.

Here, we present a joint experimental and theoretical study on the possible
effects of intersystem crossing on the dynamics of transition metal ion-molecule
reactions and determine the nature of the bottleneck for Ta+ + CO2. Recent
crossed beam imaging experiments in our group on the dynamics on oxygen
atom transfer (OAT) reaction Ta+ + CO2 → TaO+ + CO showed dominantly
indirect dynamics despite the thermal rates being close to collision rate and the
reaction being highly exothermic. The question to the nature of the bottleneck
along the reaction coordinate arose: a submerged transition state or the intersys-
tem crossing. A combination of differential cross sections, thermal rate constants
and high level theory for the OAT for Ta+ and its lighter homologue niobium
Nb+ could shed some more light on the question.

Invited Talk SYCC 1.2 Wed 11:30 Paulussaal
Angular momentum of small molecules: quasiparticles and topology —
∙Mikhail Lemeshko — Institute of Science and Technology Austria (ISTA),
Am Campus 1, 3400 Klosterneuburg, Austria
I will present our recent findings on small molecules kicked by laser pulses.
First, I will describe a technique that allows to probe highly excited molecular
states in the presence of an environment, such as superfluid 4He, and a theory
based on angulon quasiparticles that describes such states, in good agreement
with experiment. Second, I will show how that even the simplest of existing
molecules - closed-shell diatomics not interacting with one another - host topo-
logical charges when driven by periodic far-off-resonant laser pulses. A periodi-
cally kickedmolecular rotor can bemapped onto a “crystalline” lattice in angular
momentum space. This allows to define quasimomenta and the band structure
in the Floquet representation, by analogy with the Bloch waves of solid-state
physics. We predict the occurrence of Dirac cones with topological charges, pro-
tected by reflection and time-reversal symmetry. These Dirac cones – and the
corresponding edge states – are broadly tunable by adjusting the laser strength
and can be observed in present-day experiments by measuring molecular align-
ment and populations of rotational levels. This paves the way to study control-
lable topological physics in gas-phase experiments with small molecules as well
as to classify dynamical molecular states by their topological invariants.

[1] I. Cherepanov et al. Phys. Rev. A 104, L061303 (2021); New J. Phys. 24
075004 (2022)

[2] V. Karle et al. Phys. Rev. Lett. 130, 103202 (2023); arXiv:2307.07256 (2023)

Invited Talk SYCC 1.3 Wed 12:00 Paulussaal
Manoeuvring chemical reactions one degree of freedom at a time — ∙Jutta
Toscano—University of Basel, Switzerland
The combined use of electric fields, magnetic fields and laser light affords us an
ever-increasing level of control over the properties of atoms and molecules, en-
abling reactivity to be probed as a function of their various degrees of freedom
[1].

Here, we discuss how electrostatic deflection [2] can be employed to disen-
tangle the reactivity of molecules in different rotational states, or with different
spatial orientation of their constituent atoms [3]. Furthermore, we demonstrate
for the first time the sympathetic cooling of different conformational isomers
within a Coulomb crystal [4], setting the scene for fully conformationally se-
lected ion–molecule reaction studies.

[1] J. Toscano et al., PCCP 22, 9180 (2020)
[2] Y.-P. Chang et al., Int. Rev. Phys. Chem. 34, 557 (2015)
[3] A. Kilaj et al., Nat. Commun. 12, 6047 (2021)
[4] L. Xu et al., arXiv:2308.03935 (2023)

Invited Talk SYCC 1.4 Wed 12:30 Paulussaal
Cold and controlled collisions using tamedmolecular beams— ∙Sebastiaan
van deMeerakker— Radboud University Nijmegen, the Netherlands
The study of molecular collisions with the highest possible detail has been an im-
portant research theme in physical chemistry for decades. Experimentally, the
level of detail obtained in these studies depends on the quality of preparation of
the collision partners before the collision, and on how accurately the products
are analyzed afterward.

Over the last years, methods have been developed to get improved control over
molecules in a molecular beam. With the Stark decelerator, a part of a molec-
ular beam can be selected to produce bunches of molecules with a computer-
controlled velocity and with longitudinal temperatures as low as a few mK [1].
The molecular packets that emerge from the decelerator have small spatial and
angular spreads, and have almost perfect quantum state purity. These tamed
molecular beams are excellent starting points for high-resolution crossed beam
scattering experiments.

I will illustrate the possibilities this new technology offers to study molecular
collisions with unprecedented precision and at low collision energies. I will dis-
cuss our most recent results on the observation of scattering resonances [1], as
well as bimolecular dipole-dipole collisions at collision energies down to 0.1 K
obtained by merged beam configurations [2].

[1] T. de Jongh et al., Science 368, 626 (2020)
[2] G. Tang et al., Science 379, 1031 (2023)
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Symposium Coulomb Explosion Imaging (SYCE) Overview

Symposium Coulomb Explosion Imaging (SYCE)
jointly organized by

the Atomic Physics Division (A),
the Molecular Physics Division (MO), and
the Mass Spectrometry Division (MS)

Heide Ibrahim
Centre Énergie Matériaux Télécommunications
Institut National de la Recherche Scientifique

Varennes, Quebec, Canada
Heide.Ibrahim@inrs.ca

Coulomb explosion imaging, using intense table-top lasers or x-ray pulses, allows to measure molecular struc-
ture and structural dynamics even for dilute gas-phase samples. It combines high temporal resolution, high
sensitivity with recently demonstrated high spatial resolution. Especially in combination with conicidence or
covariance measurements of the electrons it also allows to obtain higher-order correlations. Thus, it is an ideal
tool for the investigation of ultrafast molecular dynamics.

Overview of Invited Talks and Sessions
(Lecture hall Paulussaal)

Invited Talks
SYCE 1.1 Tue 11:00–11:30 Paulussaal Dissociation of halogenated organic molecules induced by soft X-rays – pathways

and early stages— ∙Edwin Kukk
SYCE 1.2 Tue 11:30–12:00 Paulussaal X-ray induced Coulomb explosion imaging with channel-selectivity — ∙Rebecca

Boll
SYCE 1.3 Tue 12:00–12:30 Paulussaal Time-resolved Coulomb Explosion Imaging using X-ray Free-Electron Lasers —∙Till Jahnke
SYCE 1.4 Tue 12:30–13:00 Paulussaal Dynamics and control of microsolvated biomolecules studied by Coulomb explo-

sion imaging— ∙Sebastian Trippel, Jochen Küpper

Sessions
SYCE 1.1–1.4 Tue 11:00–13:00 Paulussaal Coulomb-Explosion Imaging
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Symposium Coulomb Explosion Imaging (SYCE) Tuesday

Sessions
– Invited Talks –

SYCE 1: Coulomb-Explosion Imaging
Time: Tuesday 11:00–13:00 Location: Paulussaal

Invited Talk SYCE 1.1 Tue 11:00 Paulussaal
Dissociation of halogenated organicmolecules induced by softX-rays – path-
ways and early stages — ∙Edwin Kukk — Dept of Physics and Astronomy,
Uniersity of Turku, Turku, Finland
While the highly energetic Coulomb explosions of highly charged molecules
have received considerable recent interest as a method for probing molecular
geometry, a low-charge dissociation of organic molecules is a much gentler pro-
cess following often quite intricate multi-step pathways. We have studied such
processes in halogenated organic molecules, such as thiophene derivatives, us-
ing various multi-particle techniques, synchrotron as well as FEL radiation and
pump-probe schemes. In this talk, insights obtained from these studies and theo-
retical modeling are presented. Also, some more applied aspects of such studies,
related to radiosensitizers in radiotherapy, are covered.

Invited Talk SYCE 1.2 Tue 11:30 Paulussaal
X-ray induced Coulomb explosion imaging with channel-selectivity —
∙Rebecca Boll— European XFEL, Schenefeld, Germany
The short and intense X-ray pulses from free-electron lasers are an exquisite tool
for Coulomb explosion imaging (CEI) [1-3]. Snapshot images of the complete
structure of complex molecules, including all hydrogens, can be captured. The
rapid charge-up leads to a violent Coulomb explosion that preserves the infor-
mation about the molecular structure at the instant of ionization. This allows
studying processes such as the influence of transient resonances [4], intramolec-
ular charge rearrangement [1] and molecular fragmentation [3].

Moreover, the multidimensionality of CEI can allow to specifically investigate
certain aspects ofmolecular structural dynamics. We recently demonstrated how
X-ray induced CEI can be used to trace a molecular elimination reaction, a mi-
nority reaction channel that involves the breaking of two molecular bonds and
the formation of a new one [5]. Simultaneously, we mapped light-induced bend-
ing vibrations of a bound molecular wave packet, disentangled different dissoci-
ation pathways, and directly imaged correlated dynamics leading to ejection of
a newly formed molecular fragment.
[1] R. Boll et al., Nat. Phys. 18, 423 (2022)
[2] X. Li et al., Phys. Rev. Res. 4, 013029 (2022)
[3] T. Jahnke et al., Phys. Rev. X 11, 041044 (2021)
[4] X. Li et al., Phys. Rev. A 105, 053102 (2022)
[5] X. Li et al., in preparation (2023)

Invited Talk SYCE 1.3 Tue 12:00 Paulussaal
Time-resolved Coulomb Explosion Imaging using X-ray Free-Electron
Lasers — ∙Till Jahnke — Max-Planck-Institut für Kernphysik, Heidelberg,
Germany
Recording real-time movies of dynamical processes in molecules, as, for exam-
ple, progressing chemical reactions, has been a driving force formany disciplines
in fundamental sciences during the last decades. A comparably new experimen-
tal technique that addresses single molecules in the gas phase and that involve
coincident single-particle detection for imaging these dynamics is Coulomb ex-
plosion imaging. This approach uses (for example) ultrashort light pulses to
(heavily) fragment the inspected molecules in order to gather such information
from the breakup pattern.

X-ray free-electron lasers are able to produce ultrashort light pulses with high-
est intensity, which are perfectly suitable to perform measurements along these
lines. In particular, these light sources allow for time-resolved studies in a pump-
probe scheme by adding ultrashort UV pulses that are synchronized with the
X-ray flashes (or by employing X-ray pump/X-ray probe schemes). Since al-
most five years a dedicated COLTRIMS reaction microscope [1,2] is available at
the SQS-instrument of the European X-ray free-electron laser, which was used
recently to perform time-resolved Coulomb explosion imaging measurements.
Some examples will be presented in the talk.

[1] J. Ullrich et al., Rep. Prog. Phys. 66, 1463(2003).
[2] T. Jahnke et al., JESRP 141, 229(2004)

Invited Talk SYCE 1.4 Tue 12:30 Paulussaal
Dynamics and control of microsolvated biomolecules studied by Coulomb
explosion imaging — ∙Sebastian Trippel1,2 and Jochen Küpper1,2,3
— 1Center for Free-Electron Laser Science CFEL, Deutches Elektronen-
Synchrotron DESY, Hamburg — 2Center for Ultrafast Imaging, Universität
Hamburg — 3Department of Physics, Universität Hamburg
Microsolvated biomolecules are promising model systems to study the corre-
sponding light-induced dynamics of molecules in solution [1]. Due to the still
manageable complexity of the small clusters, atomic, molecular, and optical
physics methods can be used for the analysis and characterization of their dy-
namics. Coulomb explosion imaging is one of those methods that can be ap-
plied to distinguish the various reaction channels present. Furthermore, it al-
lows to determine the orientation of molecules or clusters in the gas phase [2].
In this presentation, our findings on the ionization dynamics of pyrrole-water
and water-dimer will be presented. In addition, we will discuss our results on
the field-free alignment of complex molecules in the gas phase using pulse shap-
ing [3].
[1] L. He, et int. (8 authors), J. Küpper, J. Phys. Chem. Lett. 14, 10499 (2023)
[2] H. Stapelfeldt and T. Seideman, Rev. Mod. Phys. 75, 543 (2003)
[3] T. Mullins, et int. (9 authors), J. Küpper et al.,Nat. Commun. 13, 1431 (2022)
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Symposium Size Selected Metal Cluster Spectroscopies (SYMC) Overview

Symposium Size Selected Metal Cluster Spectroscopies (SYMC)
jointly organized by

the Atomic Physics Division (A),
the Molecular Physics Division (MO), and
the Mass Spectrometry Division (MS)

Gereon Niedner-Schatteburg
Fachbereich Chemie

Technische Universität Kaiserslautern
Erwin-Schrödinger-Straße

67663 Kaiserslautern
gns@chemie.uni-kl.de

Isolated atomically precise metal clusters – in particular those of transition metals – and metal-molecule com-
plexes form a fascinating microsopic world on their own. They provide for uniqe properties that relate to and
interpolate between atomic and bulk metal properties. Scaling laws help to interpret, and non scalable excep-
tions superimpose in numerous caseswhich are hardly predictable. The selection of speakers of this symposium
provides for a good representation of research at the very forefront in this area. The outreach is manifold and
will be highlighted by the individual contributions.

Overview of Invited Talks and Sessions
(Lecture hall Paulussaal)

Invited Talks
SYMC 1.1 Thu 11:00–11:30 Paulussaal Infrared spectroscopic studies ofmolecular activation atmetal clusters— ∙Stuart

Mackenzie
SYMC 1.2 Thu 11:30–12:00 Paulussaal Dynamic metal-metal cooperation in chemical reactions— ∙Jana Roithová
SYMC 1.3 Thu 12:00–12:30 Paulussaal A closer look at the electronic structure of simple metal clusters — ∙Bernd von

Issendorff
SYMC 1.4 Thu 12:30–13:00 Paulussaal IR action spectroscopy of metal clusters, complexes and diatomics with free elec-

tron lasers— ∙André Fielicke
Sessions
SYMC 1.1–1.4 Thu 11:00–13:00 Paulussaal Size Selected Metal Cluster Spectroscopies

38



Symposium Size Selected Metal Cluster Spectroscopies (SYMC) Thursday

Sessions
– Invited Talks –

SYMC 1: Size Selected Metal Cluster Spectroscopies
Time: Thursday 11:00–13:00 Location: Paulussaal

Invited Talk SYMC 1.1 Thu 11:00 Paulussaal
Infrared spectroscopic studies of molecular activation at metal clusters —
∙StuartMackenzie—University of Oxford, UK
Infrared action spectroscopy has proven itself a powerful technique for under-
standing molecular activation at metal centres, be they transition metal clusters
or in metal ligand complexes.

This presentation will provide and overview of these methods including sev-
eral illustrative examples of our recent work involving both laboratory and IR
free electron lasers. It will cover molecular activation of important species such
as nitrogen and carbon oxides together with cooperative and competitive bind-
ing effects. Of particular note will be examples in which infrared absorption can
drive novel bond-breaking chemistry within activated molecular adsorbates.

Invited Talk SYMC 1.2 Thu 11:30 Paulussaal
Dynamic metal-metal cooperation in chemical reactions— ∙Jana Roithová
— Radboud University, Nijmegen, The Netherlands
Textbook descriptions of organometallic reaction mechanisms typically feature
metal complexes with a single metal atom. However, these reactions frequently
also give rise to polymetallic complexes, which can be crucial in the processes
under study. Incorporating multiple metals renders the mechanistic explana-
tions less straightforward and more complex, leading to the frequent exclusion
of polymetallic complexes in such discussions. Many researchers tend to limit
their mechanistic models to mononuclear complexes, often resorting to less fa-
vored oxidation states or high-energy steps. In my presentation, I will explore
how the dynamic formation and disintegration of bimetallic complexes can fa-
cilitate these reactions, circumventing steps that are otherwise unfavorable.

Invited Talk SYMC 1.3 Thu 12:00 Paulussaal
A closer look at the electronic structure of simple metal clusters — ∙Bernd
von Issendorff— Physikalisches Institut, Universität Freiburg
Simple metal clusters are close to ideal few to many particle quantum systems,
which can be seen as a well-defined number of electrons trapped in a harmonic
potential. This leads to the well know electron shell structure discovered almost
50 years ago [1], a highly discretized density of states consisting of angular mo-
mentum eigenstates. It also has direct consequences for dynamics like photoe-

mission; the angular distribution of photoelectrons exhibits a universal behavior
in accordance with a very simple model [2]. Nevertheless, the almost free elec-
trons in simple metal clusters do interact with the structured ion background,
which perturbs and mixes the electronic states. Characterizing this perturbation
by measuring the electronic density of states via photoelectron spectroscopy can
therefore yield information about the cluster geometric structure. On both the
experimental and the theoretical part a significant progress has been made over
recent years, permitting a much more detailed insight into the electronic struc-
ture of metal clusters and its interplay with the geometric structure. I will discuss
examples of simple metal cluster systems of increasing complexity, from sodium
over copper and silver to gold, some of them showing unexpected geometric
structures as well as exotic electronic states.

[1] W. D. Knight et al., Phys. Rev. Lett. 52, 2141 (1984)
[2] A. Piechaczek et al., Phys. Rev. Lett. 126, 233201 (2021)

Invited Talk SYMC 1.4 Thu 12:30 Paulussaal
IR action spectroscopy of metal clusters, complexes and diatomics with free
electron lasers — ∙André Fielicke — Fritz-Haber-Institut der Max-Planck-
Gesellschaft, Berlin, Germany
Structural studies of gas-phase species that are only meta-stable can possess a
number of experimental challenges: the gas-phase densities achievable are usu-
ally extremely low and often they are present in complex mixtures, e.g., broad
distributions of cluster sizes and/or compositions. An approach to these diffi-
culties offers infrared (IR) action spectroscopy that relies on mass spectrometric
means to detect photo absorption processes. In my talk I will briefly discuss
recent insights into the structures of neutral gold clusters obtained from far-IR
spectroscopy in combination with DFT and coupled-cluster theory.[1] In this
case, multiple photon dissociation of krypton complexes is used to monitor the
cluster-size specific IR absorption. Furthermore, we have applied vibrational
autoionization of Rydberg states for IR spectroscopy of cationic species, using
weakly interacting non core-penetrating Rydberg electrons as messenger. This
will be illustrated for DyO+ for which rotationally resolved vibrational spectra
have been obtained.

[1] Chem. Commun. 2022, 58, 5785; Phys. Chem. Chem. Phys. 2023, 25,
9036.
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Symposium Ultrafast Quantum Nano-Optics (SYQO)
jointly organized by

the Quantum Optics and Photonics Division (Q),
the Molecular Physics Division (MO), and

the Atomic Physics Division (A)

Mario Agio
Laboratory of Nano-Optics

University of Siegen
Walter Flex Str. 3
57072 Siegen

mario.agio@uni-siegen.de

Christoph Lienau
Instituts für Physik

Carl von Ossietzky Universität Oldenburg
Ammerländer Heerstraße 114-118

26129 Oldenburg
christoph.lienau@uni-oldenburg.de

The recent years have witnessed an increasing interest in quantum phenomena in complex systems operating
at room temperature. A variety of them are topics of intense investigation, ranging from, e.g., chromophores in
nanoclusters, to quantum emitters coupled to plasmonic resonators. All of these studies highlight how quan-
tum physics is at work when coherence times are extremely short. This requires an interdisciplinary approach
for advancing theoretical methods, in particular time-dependent ab-initio techniques, and experimental tech-
niques, such as multidimensional electronic spectroscopies.
The symposium focuses on the latest advances in the field and provides to the DPG community an opportunity
to discuss the intriguing interplay between quantum optics, ultrafast spectroscopy and nanoscience.

Overview of Invited Talks and Sessions
(Lecture hall Paulussaal)

Invited Talks
SYQO 1.1 Fri 11:00–11:30 Paulussaal Coherent and incoherent dynamics of colloidal plexcitonic nanohybrids —∙Elisabetta Collini
SYQO 1.2 Fri 11:30–12:00 Paulussaal Dissipative Many-Body Dynamics in Atomic Subwavelength Arrays in Free Space

— ∙Stefan Ostermann
SYQO 1.3 Fri 12:00–12:30 Paulussaal Quantum dot sources: efficiency, entanglement, and correlations. — ∙Ana Predo-

jević

Sessions
SYQO 1.1–1.5 Fri 11:00–13:00 Paulussaal Ultrafast Quantum Nano-Optics
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Symposium Ultrafast Quantum Nano-Optics (SYQO) Friday

Sessions
– Invited and Contributed Talks –

SYQO 1: Ultrafast Quantum Nano-Optics
Time: Friday 11:00–13:00 Location: Paulussaal

Invited Talk SYQO 1.1 Fri 11:00 Paulussaal
Coherent and incoherent dynamics of colloidal plexcitonic nanohybrids —
∙Elisabetta Collini — Department of Chemical Sciences, University of
Padova, via Marzolo 1, 35131 Padova, Italy — Padua Quantum Technologies
Research Center
Polaritonic chemistry exploits strong light-matter coupling between molecules
and confined electromagnetic field modes to enable new chemical reactivities.
From a chemical point of view, colloidal plexcitonic materials promise to play a
pivotal role in this scenario because of their easy and cheap preparation. Plex-
citons are hybrid states originating from the mixing of the plasmon resonances
of metal nanostructures with molecular excitons. They allow nanoscale con-
finement of electromagnetic fields and the establishment of strong couplings be-
tween light and matter, potentially giving rise to controllable and tunable dy-
namic phenomena. However, the characterization of the ultrafast coherent and
incoherent dynamics of colloidal plexciton nanohybrids remains highly unex-
plored. Here, 2D electronic spectroscopy is employed to study the quantum co-
herent interactions active after the photoexcitation of these systems. By com-
paring the response of different nanohybrids and uncoupled components, the
nonlinear photophysical processes at the base of the femtosecond coherent and
incoherent dynamics were identified, allowing a step forward toward the effec-
tive understanding and exploitation of these nanomaterials.

Invited Talk SYQO 1.2 Fri 11:30 Paulussaal
Dissipative Many-Body Dynamics in Atomic Subwavelength Arrays in Free
Space — ∙Stefan Ostermann — Department of Physics, Harvard University,
Cambridge, Massachusetts 02138, USA
The photon emission properties of atomic arrays with subwavelength lattice
spacing are modified by light-induced dipole-dipole interactions, giving rise to
effects like super- and subradiance. Recent advances in experimental techniques
have enabled the generation of well-controlled periodic arrangements of indi-
vidual atoms in free space. This development has sparked widespread interest
in investigating the fundamental physics of these extended long-range interact-
ing structures, as well as in harnessing them as efficient light-matter interfaces
for future quantum technologies. While many aspects of the single excitation
regime of subwavelength emitter geometries were studied over the past decade,
investigating the full dissipative many-body problem involving multiple excita-
tions remains an ongoing research effort. I will present our recent results eluci-
dating some core characteristics of the multi-excitation regime. We characterize
the superradiant out-of-equilibrium dynamics for large system sizes and extract
the scaling of the superradiant peak with particle number in fully inverted ar-
rays. Additionally, we identify the critical excitation number for superradiance
in partially excited arrays in 1D and 2D. Related to this, we show that maximal
coupling to subradiant states is achieved if half of the atoms are incoherently ex-
cited initially. Finally, I will present an analysis of the steady-state phase diagram
for a strongly driven system, with a particular focus on its radiative properties.

Invited Talk SYQO 1.3 Fri 12:00 Paulussaal
Quantum dot sources: efficiency, entanglement, and correlations. — ∙Ana
Predojević— Stockholm University, Stockholm, Sweden
Single quantum dots are established emitters of single photons and entangled
photon pairs. By means of resonant excitation they efficiently generate photon
pairs that feature low multi-photon contribution and are suitable for entangling
schemes such as polarization and time-bin entanglement. However, the achiev-
able degree of entanglement and the source readiness to be deployed in quan-
tum communication protocols depend on additional functionalities, including

high collection efficiency of photons. I will present engineered photonic sys-
tems that allow for entangled photon pair sources to be more efficient. Also, the
cascaded generation of photon pairs intrinsically contain temporal correlations,
which negatively affect the ability of such sources to perform two-photon inter-
ference, hindering applications. I will show how such correlation interplays with
decoherence and temporal postselection, and under which conditions the tem-
poral postselection could improve the two-photon interference visibility. Our
study identifies crucial parameters of the source and indicates the path towards
achieving optimal performance.

SYQO 1.4 Fri 12:30 Paulussaal
Compact chirped fiber Bragg gratings for single-photon generation from
quantum dots — ∙Vikas Remesh1, Ria Krämer2, René Schwarz1, Florian
Kappe1, Yusuf Karli1, Thomas Bracht3, Saimon Covre da Silva4, Ar-
mando Rastelli4, Doris Reiter3, Stefan Nolte2, and Gregor Weihs1 —
1Institute für Experimentalphysik, Universität Innsbruck, Innsbruck, Austria —
2Institute for Applied Physics, Friedrich Schiller University Jena, Germany —
3Condensed Matter Theory, TU Dortmund, Germany— 4Johannes Kepler Uni-
versity Linz, Linz, Austria
To realize a scalable source of frequency-multiplexed single photons, one re-
quires an ensemble of quantum emitters that can be collectively excited with
high efficiency. Semiconductor quantum dots hold great potential here. The
most efficient scheme is to use chirped laser pulses, due to the robustness against
spectral and intensity fluctuations. Yet, the existing methods to generate chirped
laser pulses coupled to a quantum emitter are lossy and mechanically unstable,
severely hampering the prospects of a practical quantum dot device. Here we
present a compact, robust, and plug-and-play alternative for chirped pulse exci-
tation of quantum dots, based on chirped fiber Bragg gratings, and demonstrate
the chirped excitation of a GaAs/AlGaAs quantum dot. Our method can be tai-
lored for large dispersion requirements and is a significant milestone in realizing
a direct fiber-coupled quantum dot photon source. APL Photonics 8, 101301
(2023)

SYQO 1.5 Fri 12:45 Paulussaal
Observing Ultrafast Coherent Dynamics following Selective Excitation of a
Single Quantum Dot — ∙Darius Hashemi Kalibar, Philipp Henzler, Ron
Tenne, and Alfred Leitenstorfer — Department of Physics and Center for
Applied Photonics, University of Konstanz, D-78457 Konstanz, Germany
Precise observation and control of coherent state evolution are a prerequisite for
the application of quantum technologies. However, in many systems, the band-
width of quantum effects is limited by their relatively slow response times. In
contrast, using ultrashort optical pulses to control quantum-confined electrons
allows for quantum experiments on the much faster femtosecond timescale. In
this work, we describe an all-optical approach for the ultrafast selective initial-
ization of excitonic states in individual CdSe/ZnSe quantum dots at cryogenic
temperatures and observe their evolution through pump-probe spectroscopy.
Resonantly-tuned 500 fs pump pulses excite the quantum dot from the ground
state into trion triplet states. Subsequently, 150 fs probe pulses spanning multi-
ple transitions enable direct time-resolved observation of the quantum dynam-
ics. We observe persistent spin quantum beats between two excitonic states de-
spite femtosecond orbital relaxation of the hole. Control of the polarization of
the pump pulses enables selective excitation of a single state, avoiding the beat-
ing phenomenon. Together, these advances form a major step towards quantum
sensing on ultrafast time and nanometric spatial scales.
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Atomic Physics Division
Fachverband Atomphysik (A)

Matthias Wollenhaupt
Institut für Physik, Universität Oldenburg

Carl-von-Ossietzky-Straße 9-11
D-26129 Oldenburg

matthias.wollenhaupt@uni-oldenburg.de

Overview of Invited Talks and Sessions
(Lecture halls HS 1010, 1098, and 1015; Poster Tent A, B, and C)

Invited Talks
A 1.1 Mon 11:00–11:30 HS 1010 Exploring the Supersolid StripePhase in a Spin-OrbitCoupledBose-EinsteinConden-

sate — ∙Sarah Hirthe, Vasiliy Makhalov, Rémy Vatré, Craig Chisholm, Ramón
Ramos, Leticia Tarruell

A 10.1 Tue 11:00–11:30 HS 1010 Strong-field coherent control in the extreme ultraviolet domain — ∙F. Richter, U.
Saalmann, M. Wollenhaupt, E. Allaria, C. Callegari, M. Danailov, L. Gianessi,
M. Zangrando, L. Bruder

A 18.1 Wed 11:00–11:30 HS 1010 Attosecond photoionization dynamics in CO2 using coincidence spectroscopy —∙Ioannis Makos, David Busto, Dominik Ertel, Jakub Benda, Barbara Merzuk1,
Fabio Frassetto, Luca Poletto, ClausDieter Schröter, Thomas Pfeifer, Zdeněk
Mašín, Serguei Patchkovskii, Giuseppe Sansone

A 36.1 Fri 11:00–11:30 HS 1010 Stringent Test of QEDpredictions usingHighly Charged Tin— ∙JonathanMorgner,
Bingsheng Tu, Charlotte M. König, Tim Sailer, Fabian Heisse, Bastian Sikora,
Chunhai Lyu, Vladimir Yerokhin, Zoltán Harman, José R. Crespo López-
Urrutia, ChristophH. Keitel, Sven Sturm, Klaus Blaum

Invited Talks of the joint Symposium SAMOP Dissertation Prize 2024 (SYAD)
See SYAD for the full program of the symposium.

SYAD 1.1 Mon 14:30–15:00 Paulussaal Quantum steering of a Szilárd engine— ∙Konstantin Beyer
SYAD 1.2 Mon 15:00–15:30 Paulussaal Does a disorderedHeisenberg quantum spin system thermalize? — ∙Titus Franz
SYAD 1.3 Mon 15:30–16:00 Paulussaal Quantum optical few-mode models for lossy resonators— ∙Dominik Lentrodt
SYAD 1.4 Mon 16:00–16:30 Paulussaal Non-Hermitian topology and directional amplification— ∙ClaraWanjura

Invited Talks of the joint Symposium Coulomb Explosion Imaging (SYCE)
See SYCE for the full program of the symposium.

SYCE 1.1 Tue 11:00–11:30 Paulussaal Dissociation of halogenated organic molecules induced by soft X-rays – pathways
and early stages— ∙Edwin Kukk

SYCE 1.2 Tue 11:30–12:00 Paulussaal X-ray induced Coulomb explosion imaging with channel-selectivity — ∙Rebecca
Boll

SYCE 1.3 Tue 12:00–12:30 Paulussaal Time-resolved Coulomb Explosion Imaging using X-ray Free-Electron Lasers —∙Till Jahnke
SYCE 1.4 Tue 12:30–13:00 Paulussaal Dynamics and control of microsolvated biomolecules studied by Coulomb explo-

sion imaging— ∙Sebastian Trippel, Jochen Küpper

Prize Talks of the joint Awards Symposium (SYAS)
See SYAS for the full program of the symposium.

SYAS 1.1 Tue 15:00–15:30 Paulussaal Quantum Simulations with Atoms, Molecules and Photons— ∙Immanuel Bloch
SYAS 1.2 Tue 15:30–16:00 Paulussaal Spectroscopyofmoleculeswith large amplitudemotions: a journey frommolecular

structure to astrophysics. — ∙Isabelle Kleiner
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SYAS 1.3 Tue 16:00–16:30 Paulussaal Quantum x-ray nuclear optics: progress and prospects— ∙Olga Kocharovskaya
SYAS 1.4 Tue 16:30–17:00 Paulussaal 3D printed complex microoptics: fundamentals and first benchmark applications

— ∙Harald Giessen

Invited Talks of the joint Symposium Controlled Molecular Collisions (SYCC)
See SYCC for the full program of the symposium.

SYCC 1.1 Wed 11:00–11:30 Paulussaal Dynamics of CO2 activation by transition metal ions - The importance of inter-
system crossing— ∙JenniferMeyer

SYCC 1.2 Wed 11:30–12:00 Paulussaal Angularmomentumof smallmolecules: quasiparticles and topology— ∙Mikhail
Lemeshko

SYCC 1.3 Wed 12:00–12:30 Paulussaal Manoeuvring chemical reactions one degree of freedom at a time — ∙Jutta
Toscano

SYCC 1.4 Wed 12:30–13:00 Paulussaal Cold and controlled collisions using tamedmolecular beams— ∙Sebastiaan van
deMeerakker

Invited Talks of the joint Symposium Size Selected Metal Cluster Spectroscopies (SYMC)
See SYMC for the full program of the symposium.

SYMC 1.1 Thu 11:00–11:30 Paulussaal Infrared spectroscopic studies ofmolecular activation atmetal clusters— ∙Stuart
Mackenzie

SYMC 1.2 Thu 11:30–12:00 Paulussaal Dynamic metal-metal cooperation in chemical reactions— ∙Jana Roithová
SYMC 1.3 Thu 12:00–12:30 Paulussaal A closer look at the electronic structure of simple metal clusters — ∙Bernd von

Issendorff
SYMC 1.4 Thu 12:30–13:00 Paulussaal IR action spectroscopy of metal clusters, complexes and diatomics with free elec-

tron lasers— ∙André Fielicke
Invited Talks of the joint Symposium Ultrafast Quantum Nano-Optics (SYQO)
See SYQO for the full program of the symposium.

SYQO 1.1 Fri 11:00–11:30 Paulussaal Coherent and incoherent dynamics of colloidal plexcitonic nanohybrids —∙Elisabetta Collini
SYQO 1.2 Fri 11:30–12:00 Paulussaal Dissipative Many-Body Dynamics in Atomic Subwavelength Arrays in Free Space

— ∙Stefan Ostermann
SYQO 1.3 Fri 12:00–12:30 Paulussaal Quantum dot sources: efficiency, entanglement, and correlations. — ∙Ana Predo-

jević
SYQO 1.4 Fri 12:30–12:45 Paulussaal Compact chirped fiber Bragg gratings for single-photon generation from quan-

tum dots— ∙Vikas Remesh, Ria Krämer, René Schwarz, Florian Kappe, Yusuf
Karli, Thomas Bracht, Saimon Covre da Silva, Armando Rastelli, Doris Re-
iter, Stefan Nolte, GregorWeihs

SYQO 1.5 Fri 12:45–13:00 Paulussaal Observing Ultrafast Coherent Dynamics following Selective Excitation of a Single
Quantum Dot — ∙Darius Hashemi Kalibar, Philipp Henzler, Ron Tenne, Al-
fred Leitenstorfer

Sessions
A 1.1–1.7 Mon 11:00–13:00 HS 1010 Ultra-cold Atoms, Ions and BEC I (joint session A/Q)
A 2.1–2.8 Mon 11:00–13:00 HS 1098 Attosecond Physics I (joint session A/MO)
A 3.1–3.8 Mon 11:00–13:00 Aula Bosonic Quantum Gases I (joint session Q/A)
A 4.1–4.7 Mon 11:00–13:00 HS 3044 Coulomb-explosion Imaging (joint session MO/A)
A 5.1–5.8 Mon 17:00–19:00 HS 1010 Ultra-cold Plasmas and Rydberg Systems I (joint session A/Q)
A 6.1–6.8 Mon 17:00–19:00 HS 1098 Atomic Systems in External Fields I
A 7.1–7.8 Mon 17:00–19:00 Aula Bosonic Quantum Gases II (joint session Q/A)
A 8.1–8.8 Mon 17:00–19:00 HS 1221 Precision Measurements I (joint session Q/A)
A 9.1–9.6 Mon 17:00–18:30 HS 3044 Strong-field Ionization and Imaging (joint session MO/A)
A 10.1–10.7 Tue 11:00–13:00 HS 1010 Interaction with Strong or Short Laser Pulses I (joint session A/MO)
A 11.1–11.8 Tue 11:00–13:00 HS 1098 Precision Spectroscopy of Atoms and Ions I (joint session A/Q)
A 12.1–12.8 Tue 11:00–13:00 Aula Bosonic Quantum Gases III (joint session Q/A)
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A 13.1–13.7 Tue 11:00–13:00 HS 1221 Trapping and Cooling of Atoms (joint session Q/A)
A 14 Tue 13:15–14:15 HS 1010 Members’ Assembly
A 15.1–15.30 Tue 17:00–19:00 Tent A Poster I
A 16.1–16.6 Tue 17:00–19:00 Tent B Poster II
A 17.1–17.13 Tue 17:00–19:00 Tent C Poster III
A 18.1–18.7 Wed 11:00–13:00 HS 1010 Attosecond Physics II / Interaction with VUV and X-ray Light (joint session

A/MO)
A 19.1–19.8 Wed 11:00–13:00 HS 1098 Precision Spectroscopy of Atoms and Ions II (joint session A/Q)
A 20.1–20.8 Wed 11:00–13:00 HS 1199 Fermionic Quantum Gases I (joint session Q/A)
A 21.1–21.8 Wed 14:30–16:30 HS 1010 Interaction with Strong or Short Laser Pulses II (joint session A/MO)
A 22.1–22.8 Wed 14:30–16:30 HS 1098 Highly Charged Ions and their Applications I
A 23.1–23.8 Wed 14:30–16:30 HS 1015 Atomic Clusters (joint session A/MO)
A 24.1–24.8 Wed 14:30–16:30 Aula Fermionic Quantum Gases II (joint session Q/A)
A 25.1–25.30 Wed 17:00–19:00 Tent A Poster IV
A 26.1–26.13 Wed 17:00–19:00 Tent C Poster V
A 27.1–27.8 Thu 11:00–13:00 HS 1010 Precision Spectroscopy of Atoms and Ions III (joint session A/Q)
A 28.1–28.8 Thu 11:00–13:00 HS 1098 Ultra-cold Atoms, Ions and BEC II (joint session A/Q)
A 29.1–29.8 Thu 14:30–16:30 HS 1010 Ultra-cold Atoms, Ions and BEC III (joint session A/Q)
A 30.1–30.7 Thu 14:30–16:15 HS 1098 Precision Spectroscopy of Atoms and Ions IV (joint session A/Q)
A 31.1–31.8 Thu 14:30–16:30 HS 1015 Atomic Systems in External Fields II
A 32.1–32.8 Thu 14:30–16:30 Aula Quantum Gases (joint session Q/A)
A 33.1–33.30 Thu 17:00–19:00 Tent A Poster VI
A 34.1–34.4 Thu 17:00–19:00 Tent B Poster VII
A 35.1–35.13 Thu 17:00–19:00 Tent C Poster VIII
A 36.1–36.7 Fri 11:00–13:00 HS 1010 Highly Charged Ions and their Applications II
A 37.1–37.8 Fri 11:00–13:00 HS 1098 Ultra-cold Atoms, Ions and BEC IV (joint session A/Q)
A 38.1–38.7 Fri 11:00–13:00 HS 1199 Trapped Ions (joint session Q/A)
A 39.1–39.8 Fri 11:00–13:00 HS 1221 Precision Measurements II (joint session Q/A)
A 40.1–40.8 Fri 14:30–16:30 HS 1010 Ultra-cold Atoms, Ions and BEC V (joint session A/Q)
A 41.1–41.8 Fri 14:30–16:30 HS 1098 Precision Spectroscopy of Atoms and Ions V / Ultra-cold Plasmas and Rydberg

Systems II (joint session A/Q)
A 42.1–42.8 Fri 14:30–16:30 HS 1221 Precision Measurements III (joint session Q/A)
A 43.1–43.8 Fri 14:30–16:30 HS 3044 Ultrafast Dynamics III and High-harmonic Generation (joint session MO/A)

Members’ Assembly of the Atomic Physics Division
Tuesday 13:15–14:15 H 1010

44



Atomic Physics Division (A) Monday

Sessions
– Invited Talks, Contributed Talks, and Posters –

A 1: Ultra-cold Atoms, Ions and BEC I (joint session A/Q)
Time: Monday 11:00–13:00 Location: HS 1010

Invited Talk A 1.1 Mon 11:00 HS 1010
Exploring the Supersolid Stripe Phase in a Spin-Orbit Coupled Bose-Einstein
Condensate — ∙Sarah Hirthe, Vasiliy Makhalov, Rémy Vatré, Craig
Chisholm, Ramón Ramos, and Leticia Tarruell — ICFO - The Institute of
Photonic Sciences, Castelldefels, Spain
Spin-orbit coupled Bose-Einstein condensates, where the internal state of the
atoms is linked to their momentum through optical coupling, are a flexible ex-
perimental platform to engineer synthetic quantum many-body systems. In my
talk, I will present recent work where we have exploited the interplay of spin-
orbit coupling and tunable interactions in potassium BECs to observe and char-
acterize the supersolid stripe phase. By optically coupling two internal states of
potassium-41 using a two-photon Raman transition, we engineer a single parti-
cle dispersion relation with characteristic double-well structure. When the in-
trawell interactions dominate over the interwell ones, both minima are occupied
and their populations interfere, leading to a system with a modulated (striped)
density profile. The BEC then behaves as a supersolid: a phase that spontaneously
breaks both gauge and translation symmetry, and which combines the friction-
less flow of a superfluid and the crystalline structure of a solid. Using a matter-
wave lensing technique, we magnify the density profile of the cloud andmeasure
in situ the contrast and spacing of the stripes. Furthermore, we characterize the
collective modes of the system and their dependence on interactions and cou-
pling strength.

A 1.2 Mon 11:30 HS 1010
Determination of the dissipative response of a circularly driven atomic er-
bium quantum Hall system — ∙Franz Richard Huybrechts, Arif Warsi
Laskar, and MartinWeitz— Institut für Angewandte Physik der Universität
Bonn
Cold atomic gases are attractive systems for the study of topological states and
phases. Here we report on experimental work studying the dissipative response
of a synthetic atomic erbium quantum Hall system to two different handed
modes of circular shaking. In general, the dissipative response of a topological
system, expressed by its circular dichroism, is linked to the transport properties
by a Kramers-Kronig relation. In our experiment, for a cold cloud of erbium
atoms a quantum Hall geometry is realised in a two-dimensional state space,
consisting of one spatial and one synthetic dimension, with the latter being en-
coded in the Zeeman quantumnumber of erbium atoms in the ground state. Our
measurements give evidence for a difference in the excitation rates between left
and right handed driving. The current status of this ongoing experiment will be
reported.

A 1.3 Mon 11:45 HS 1010
Drude weight and the many-body quantum metric in one-dimensional Bose
systems — ∙Grazia Salerno1, Tomoki Ozawa2, and Päivi Törmä1,2 —
1Department of Applied Physics, Aalto University School of Science, FI-00076
Aalto, Finland — 2Advanced Institute for Materials Research (WPI-AIMR), To-
hoku University, Sendai 980-8577, Japan
We study the effect of quantum geometry on the many-body ground state of
one-dimensional interacting bosonic systems. We find that the Drude weight is
given by the sum of the kinetic energy and a term proportional to themany-body
quantum metric of the ground state. Notably, the many-body quantum metric
determines the upper bound of the Drude weight. We validate our results on
the Creutz ladder, a flat-bandmodel, using exact diagonalization at half and unit
densities. Our work sheds light on the importance of the many-body quantum
geometry in one-dimensional interacting bosonic systems.

A 1.4 Mon 12:00 HS 1010
Shapiro steps in driven atomic Josephson junctions — ∙Vijay Singh1, Juan
Polo1, Ludwig Mathey2, and Luigi Amico1 — 1Quantum Research Cen-
tre, Technology Innovation Institute, Abu Dhabi, UAE — 2Zentrum für Optis-
cheQuantentechnologien and Institut für Quantenphysik, Universität Hamburg,
22761 Hamburg, Germany
We study driven atomic Josephson junctions realized by coupling two two-
dimensional atomic clouds with a tunneling barrier. By moving the barrier at
a constant velocity, dc and ac Josephson regimes are characterized by a zero and
nonzero atomic density difference across the junction, respectively. Here, we
monitor the dynamics resulting in the system when, in addition to the above
constant velocity protocol, the position of the barrier is periodically driven. We
demonstrate that the time-averaged particle imbalance features a step-like be-
havior that is the analog of Shapiro steps observed in driven superconducting
Josephson junctions. The underlying dynamics reveals an intriguing interplay

of the vortex and phonon excitations, where Shapiro steps are induced via sup-
pression of vortex growth. We study the system with a classical-field dynamics
method, and benchmark our findings with a driven circuit dynamics.

A 1.5 Mon 12:15 HS 1010
Collisional dynamics between an ion and a Rydberg S-state — ∙Moritz
Berngruber1, Daniel Bosworth2, Óscar Andrey Herrera Sancho1, Vi-
raattAnasuri1, JenniferKrauter1, NicolasZuber1, FredericHummel2,
Florian Meinert1, Robert Löw1, Peter Schmelcher2, and Tilman Pfau1

— 15. Physikalisches Institut and Center for Integrated Quantum Science and
Technology, Universität Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany
— 2The Hamburg Centre for Ultrafast Imaging, Universität Hamburg, Luruper
Chaussee 149, 22761 Hamburg, Germany
We report on the onset dynamics of a collision between an ion and a Rydberg
atom in a highly excited S-state. Due to a large number of avoided crossings in
the pair state potential, the dynamics can be quite complex but also provides a lot
of possibility to manipulate and control the collision rates by changing the adi-
abaticity of the system. In our setup we can create Rb+ ions and highly excited
Rydberg sates independently. Owed to a very precise control of electric stray
fields, we can conduct our measurements without the need of an additional ion
trap, preventing micromotion in our experiments. By using a high-resolution
ion microscope, we can directly observe the ions and Rydberg atoms in a cold
thermal cloud in real spacewith a resolution of 200 nm. This allows us not only to
directly map out the C4 pair interaction potential but also to directly observe the
onset of the collisional dynamics. Finally, the experimental results are compared
to a multi-channel model based on a Landau-Zener approach, which agrees very
well with the experimental results.

A 1.6 Mon 12:30 HS 1010
Systematic analysis of relative phase extraction in 1D Bose gases interfer-
ometry — ∙TaufiqMurtadho1, Marek Gluza1, Nelly Ng1, Arifa Khatee
Zatul1,2, Sebastian Erne3, and Jörg Schmiedmayer3 — 1Nanyang Techno-
logical University, Singapore — 2University of Wisconsin-Madison, Madison,
USA — 3Technische Universität Wien, Vienna, Austria
Matter-wave interference upon free expansion enables spatially resolved relative
phase measurements of two adjacent 1D Bose gases. However, longitudinal dy-
namics is typically ignored in the analysis of experimental data. We provide an
analytical formula showing a correction to the readout of the relative phase due to
longitudinal expansion and mixing with the symmetric phase. Furthermore, we
assess the error propagation to the estimation of temperature and correlation of
the gases with numerical simulation. Our analysis also incorporates experimen-
tal systematic errors such as diffraction, recoil, and shot noise from the imaging
devices. This work characterizes the reliability and robustness of interferomet-
ric measurements, directing us to the improvement of existing phase extraction
methods necessary to observe new physical phenomena in cold-atomic quantum
simulators.

A 1.7 Mon 12:45 HS 1010
Quantum phases of hardcore bosons with repulsive dipolar density-density
interactions on two-dimensional lattices — ∙Jan Alexander Koziol1, Gio-
vanna Morigi2, and Kai Phillip Schmidt1 — 1Department of Physics,
Staudtstraße 7, Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU),
Germany — 2Theoretical Physics, Saarland University, Campus E2.6, D-66123
Saarbrücken, Germany
We analyse the ground-state quantum phase diagram of hardcore Bosons inter-
acting with repulsive dipolar potentials. The bosons dynamics is described by the
extended-Bose-Hubbard Hamiltonian on a two-dimensional lattice The ground
state results from the interplay between the lattice geometry and the long-range
interactions, which we account for by means of a classical spin mean-field ap-
proach. This extended classical spin mean-field theory accounts for the long-
range density-density interaction without truncation. The mean-field analysis is
limited by the size of the considered unit cells. We consider three different lattice
geometries: square, honeycomb, and triangular. In the limit of zero hopping the
ground state is always a devil’s staircase of solid (gapped) phases. Such crystalline
phases with broken translational symmetry are robust with respect to finite hop-
ping amplitudes. At intermediate hopping amplitudes, these gapped phasesmelt,
giving rise to various lattice supersolid phases, which can have exotic features
with multiple sublattice densities. Our results are of immediate relevance for ex-
perimental realisations of self-organised crystalline ordering patterns, e.g., with
ultracold dipolar atoms in an optical lattice.
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A 2: Attosecond Physics I (joint session A/MO)
Time: Monday 11:00–13:00 Location: HS 1098

A 2.1 Mon 11:00 HS 1098
Ultrafast photoelectron spectroscopy with odd and even high-order harmon-
ics — ∙Marvin Schmoll1, Barbara Merzuk1, Samuel Discher1, Dominik
Ertel1, Ioannis Makos1, Claus D. Schröter2, Thomas Pfeifer2, Robert
Moshammer2, Luca Poletto3, Fabio Frassetto3, and Giuseppe Sansone1
— 1Universität Freiburg, Physikalisches Institut, Freiburg, Germany — 2Max-
Planck-Institute for Nuclear Physics, Heidelberg, Germany— 3CNR-Institute of
Photonics and Nanotechnologies, Padova, Italy
High-order harmonic generation (HHG) in noble gases produces odd harmon-
ics of the driving field. Adding a weaker second harmonic one can break the
underlying symmetry and achieve both odd and even high-order harmonics.

We present an implementation of a collinear setup for such two-color HHG
similar to what was first presented in ref. [1], which allows to adjust the relative
phase between the fundamental and second harmonic component. Being imple-
mented in combination with a collinear beamline for XUV-IR interferometry [2]
we can perform high stability ultrafast photoelectron spectroscopy using these
high order harmonics.
Our first results using Argon as a target gas show the viability of themethod by

demonstrating delay-dependent oscillations in the photoelectron yield for spe-
cific energies. These exhibit a period equal to that of the fundamental driving
field as opposed to twice that period, which is known from experiments with
odd orders only.

[1] N. Dudovich et al., Nature Phys. 2, 781 (2006)
[2] D. Ertel et al., Rev. Sci. Instrum. 94, 073001 (2023)

A 2.2 Mon 11:15 HS 1098
Extreme ultraviolet wave packet interferometry using table-top high har-
monic generation — ∙Sarang Dev Ganeshamandiram, Fabian Richter,
Ianina Kosse, Ronak Shah, Mario Niebuhr, Giuseppe Sansone, Frank
Stienkemeier, and Lukas Bruder — Institute of Physics, University of
Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg, Germany
Quantum interference techniques such as wave packet interferometry (WPI) in
the extreme ultraviolet (XUV) domain set the basis for establishing advanced
nonlinear spectroscopy methods in this wavelength regime [1]. These methods
are however very difficult to implement at short wavelengths due to the required
high phase stability and sensitivity. We are exploring methods based on acousto-
optical phase modulation (PM) to solve these problems. First results from ap-
plications in seeded FELs and table-top high-harmonic generation (HHG) are
promising [2,3]. Here, we will present an interferometer setup specifically de-
signed for application with table-top HHG and discuss current challenges.

[1] S. Mukamel, et al., Multidimensional Attosecond Resonant X-Ray Spec-
troscopy of Molecules: Lessons from the Optical Regime, Annu. Rev. Phys.
Chem. 64, 101 (2013).
[2] A. Wituschek, et al., Tracking attosecond electronic coherences using

phase-manipulated extreme ultraviolet pulses, Nat Commun 11, 883 (2020).
[3] A. Wituschek et al., Phase cycling of extreme ultraviolet pulse sequences

generated in rare gases, New J. Phys. 22, 092001 (2020).

A 2.3 Mon 11:30 HS 1098
Controlling Photoabsorption Interferometrically with Intense Laser Pulses
from Microscopic to Macroscopic Gases — ∙Yu He1, Shuyuan Hu1, Ger-
gana D. Borisova1, Yizhu Zhang1,3, Marc Rebholz1, Mette B. Gaarde2,
Christian Ott1, and Thomas Pfeifer1 — 1Max-Planck-Institut für Kern-
physik, Heidelberg, Germany — 2Louisiana State University, Baton Rouge, USA
— 3Tianjin University, Tianjin, China
Photoabsorption results from the interference between the incident field and the
newly generated one radiated by the induced dipole oscillation. This dipole-
emitted field can be controlled by the interplay of pulse propagation and intense
laser pulses, giving rise to different absorption lineshapes. By temporally con-
fining this new field through emptying the population of the excited state after
its excitation, we achieve a local enhancement of absorbance in transient ab-
sorption spectroscopy [1,2]. In addition, in tandem with theory, we experimen-
tally demonstrate the transition of absorption profiles fromnatural Lorentzian to
Fano-like, which then become broader with further emergence of spectral bifur-
cations, finally turning back to near-Lorentzian lines in optically dense helium
[3]. The integrated interferometric scenario in ultrafast absorption spectroscopy
provides insights into the behavior of ensembles of dipole emitters and their tem-
poral control. Refs: [1] He at al., Phys. Rev. Lett. 129 273201 (2022). [2] He at
al., manuscript submitted (2023). [3] He at al., manuscript in preparation.

A 2.4 Mon 11:45 HS 1098
Time- and Frequency-resolved Characterization of Collective Nuclear Dy-
namics — ∙Lukas Wolff and Jörg Evers — Max-Planck-Institut für Kern-
physik Heidelberg, Germany

Mössbauer nuclei have become an important tool for high precision tests and
spectroscopy owing to their extremely narrow linewidths and long coherence
times. In recent years, ensembles of nuclei embedded in suitably engineered
waveguide structures allowed for the observation of cooperative phenomena
such as superradiant decay and collective level shifts. This constituted the field
of nuclear quantum optics of collective nuclear excitations. A direct and unam-
biguous characterization of such level schemes in the time or frequency domain
alone is challenging and, thus, new data acquisition and evaluation techniques
are of great importance to access the underlying collective dynamics [1]. To this
end, we study the time- and frequency-resolved collective behaviour of nuclear
ensembles upon x-ray pulses with different temporal and spectral shape to ex-
tract signatures for collective and nonlinear dynamics of Mössbauer resonances
[2]. We expect our results to help guide future experiments investigating such
dynamics using suitably-shaped x-ray pulses and pulse sequences that can be
created using time-domain control of nuclear resonances.
[1] L.Wolff and J.Evers, Phys.Rev.Res. 5, 013071 (2023)
[2] L.Wolff and J.Evers, Phys.Rev.A 108, 043714 (2023)

A 2.5 Mon 12:00 HS 1098
Designing a TopologicalThin-FilmX-RayCavity— ∙HannsZimmermann1,2

and Adriana Pálffy1 — 1Julius-Maximilians-Universität Würzburg —
2Universität der Bundeswehr München
A promising platform for the quantum control of high-frequency photons are
thin-film cavities, with one or several embedded layers of resonant nuclei such
as 57Fe with a Mössbauer transition at 14.4 keV. At grazing incidence, incoming
x-rays couple evanescently to the cavity. In turn, the cavity field drives the nu-
clear transitions. The resulting nuclear response is well described by a recently-
developed quantumopticalmodel based on the electromagneticGreen’s function
[1,2].

Here, we investigate theoretically a thin-film cavity design with multiple em-
bedded 57Fe layers, such that its inter-layer couplings are mostly restricted to the
nearest neighbouring layers by intercalating additional layers with high electron
densities. Via the geometrical properties of these domains and control of the
evanescent field pattern, we implement alternating coupling strengths between
the resonant layers. We show that this leads to an x-ray photonic realization of
the non-hermitian Su-Schrieffer-Heeger model and investigate how for certain
configurations localized nuclear excitations emerge at the edges of the cavity.

[1] X. Kong, et al. Phys. Rev. A 102, 033710 (2020)
[2] P. Andrejić and A. Pálffy, Phys. Rev. A 104, 033702 (2021)

A 2.6 Mon 12:15 HS 1098
Single-shot electron spectroscopy of highly transientmatter— ∙Sara Savio1,
Lars Funke1, Niclas Wieland1,3, Lasse Wuelfing1, Markus Ilchen2,3,
and WolframHelml1 — 1Fakultät Physik, Technische Universität Dortmund,
Maria-Goeppert-Mayer-Straße 2, 44227 Dortmund, Germany — 2Deutsches
Elektronen-Synchroton DESY, Notkestr. 85, 22607 Hamburg, Germany —
3University of Hamburg, Middle Way 177 , 20148 Hamburg, Germany
Single-shot electron spectroscopy can be used as a tool to investigate photo-
ionization processes and the various subsequent relaxation dynamics, ie how the
inner shell vacancies are redistributed and filled in atoms and molecules. This
work investigates the generation of double-core holes (DCH) in neon atoms with
very short lifetimes using the help of intense and tightly focused X-ray pulses at
European XFEL at the attosecond frontier. An electron-time-of-flight (e-TOF)
spectrometer equipped with a multi-electrostatic lens system followed by a mi-
crochannel plate(MCP) based detector is used to specifically collect DCH Auger
electrons in single-shot spectroscopy. The wavelength tunability and high X-
ray intensity at European XFEL together with this spectroscopic technique en-
able the study of highly transient systems. Examining the electronic structure of
a core-excited system before relaxation can allow for gaining essential insights
into ultrafast processes and nonlinear photoabsorption under extreme intensi-
ties thus opening a new field of spectroscopy of transient matter.

A 2.7 Mon 12:30 HS 1098
Interatomic Coulombic Decay from Auger final states in aqueous solution
— ∙Andreas Hans1, Dana Bloss1, Rémi Dupuy2, Florian Trinter3, Uwe
Hergenhahn3, Olle Björneholm4, and Arno Ehresmann1 — 1Universität
Kassel und CINSaT, Kassel, Germany — 2Sorbonne Université, Paris, France
— 3Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin, Germany —
4Uppsala University, Uppsala, Sweden
Interatomic Coulombic decay of resonant Auger final states (RA-ICD) has been
discovered about a decade ago. Due to the site-selective character of the resonant
excitation and the typically emitted slow electrons, RA-ICD has been envisioned
to enhance the efficiency of radiation therapies. So far, the mechanism had only
been observed experimentally in prototypical van der Waals dimers. Here, we
present the transfer of the idea to the liquid phase. To this end we investigate the
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decay of 2p → 3d resonantly excited solvated Ca2+ ions. We show, that using
multi-electron coincidence spectroscopy increases the contrast for slow electrons
drastically and that RA-ICD can be readily observed in the liquid phase.

A 2.8 Mon 12:45 HS 1098
Attoclock, what can or has actually been measured? — ∙Ossama Kullie— 1
Theoretical Physics, Institute of Physics, University of Kassel
Attoclock is designed to measure the delay time required for a particle to tunnel,
or undergo field-ionization, from an atom interacting with a strong laser field.
However, some authors claim that the duration the attoclock measures is not a
good proxy for tunneling time. In previous works, we showed a model that de-
scribes the tunnel- or field-ionization of the attoclock experiment for He- [1]

and H-atom [2], in the adiabatic and nonadiabatic field calibrations [3]. In the
present talk, we show that it is possible to interpret the attoclock measurement
in such a way that real-valued tunnel-time or the delay time due to the barrier
region or the classically forbidden region can be determined. Furthermore, we
show that in the limit of weak measurement the attoclock provides the interac-
tion time inside the barrier, which is usually measured by the Larmro clock. The
limit of thick barrier, the interaction time and the superluminal tunneling are
discussed, [1] A. S. Landsman et al, Optica 1, 343 (2014), U. S. Sainadh et al,
Nature 586, 75 (2019). [2] C. Hofmann et al. J. Mod. Opt. 66, 1052 (2019). [3]
O. Kullie, Phys. Rev. A 92, 052118 (2015), O. Kullie J. Phys. Commun. 2, 065001
(2018), O. Kullie and I. A. Ivanov, arXiv:2005.09938v6.

A 3: Bosonic Quantum Gases I (joint session Q/A)
Time: Monday 11:00–13:00 Location: Aula
See Q 3 for details of this session.

A 4: Coulomb-explosion Imaging (joint session MO/A)
Time: Monday 11:00–13:00 Location: HS 3044
See MO 1 for details of this session.

A 5: Ultra-cold Plasmas and Rydberg Systems I (joint session A/Q)
Time: Monday 17:00–19:00 Location: HS 1010

A 5.1 Mon 17:00 HS 1010
Time-reversal in a quantum many-body spin system — ∙Sebastian Geier1,
Adrian Braemer1,2, Eduard Braun1, Maximilian Müllenbach1, Ti-
tus Franz1, Martin Gärttner1,2,3, Gerhard Zürn1, and Matthias
Weidemüller1 — 1Physikalisches Institut, Universität Heidelberg, Im Neuen-
heimer Feld 226, 69120 Heidelberg, Germany — 2Physikalisches Institut, Im
Neuenheimer Feld 226 — 3Institute of Condensed Matter Theory and Optics,
Friedrich-Schiller-University Jena, Max-Wien-Platz 1, 07743 Jena, Germany
Time reversal in a macroscopic system is contradicting daily experience. Yet,
with the precise control capabilities provided by modern quantum technology,
the unitary evolution of a quantum system can be reversed, rendering it a pow-
erful tool for scientific discovery and technological advancements. Here, we im-
plement a time-reversal protocol in a dipolar interactingmany-body spin system
represented by Rydberg states in an atomic gas. By changing the states encoding
the spin, we flip the sign of the interaction Hamiltonian, and demonstrate the re-
versal of the relaxation dynamics of the magnetization by letting a demagnetized
many-body state evolve back-in-time into a magnetized state. We elucidate the
role of atomic motion using the concept of a Loschmidt echo. Finally, by com-
bining the approach with Floquet engineering, we demonstrate time reversal for
a large family of spin models with different symmetries. Our method of state
transfer is applicable across a wide range of quantum simulation platforms and
has applications far beyond quantum many-body physics.

A 5.2 Mon 17:15 HS 1010
Exploring the vibrational series of pure trilobite Rydberg molecules —
∙Markus Exner, Max Althön, Richard Blättner, and Herwig Ott —
RPTU Kaiserslautern-Landau, Kaiserslautern, Deutschland
We report on the observation of two vibrational series of pure trilobite rubidium
Rydberg molecules. These kinds of molecules consist of a Rydberg atom and a
ground state atom. The bindingmechanism is based on the scattering interaction
between the Rydberg electron and the ground state atom. The trilobitemolecules
are created via three-photon photoassociation and lie energetically more than 15
GHz below the atomic 22F state. In agreement with theoretical calculations, we
find an almost perfect harmonic oscillator behavior of six vibrational states. We
show that these states can be used to measure electron-atom scattering lengths
for low energies in order to benchmark current theoretical calculations. The
molecules have extreme properties: their dipole moments are in the range of
kilo-Debye and the electronic wave function is made up of high angular mo-
mentum states with only little admixture from the nearby 22F state. This high-l
character of the trilobite molecules leads to an enlarged lifetime as compared to
the 22F atomic state. Furthermore, our ion pulse spectrometer provides insights
into the decay processes.

A 5.3 Mon 17:30 HS 1010
Green’s function treatment of Rydberg molecules with spin — ∙Matthew
Eiles1 and Chris Greene2 — 1Max Planck Institut für Physik komplexer Sys-
teme, Nöthnitzer Str 38, 01187 Dresden Germany — 2Department of Physics

and Astronomy and Purdue Quantum Science and Engineering Institute, Pur-
due University, West Lafayette, Indiana 47907, USA
The determination of ultra-long-range molecular potential curves has been re-
formulated using the Coulomb Green’s function to give a solution in terms of
the roots of an analytical determinantal equation. For a system consisting of one
Rydberg atom with a fine structure and a neutral perturbing ground state atom
with hyperfine structure, the solution yields potential energy curves and wave
functions in terms of the quantum defects of the Rydberg atom and the electron-
perturber scattering phase shifts and hyperfine splittings. This method pro-
vides a promising alternative to the standard currently utilized method of diag-
onalization, which suffers from problematic convergence issues and nonunique-
ness, and can potentially yield a more quantitative relationship between Rydberg
molecule spectroscopy and electron-atom scattering phase shifts.

A 5.4 Mon 17:45 HS 1010
RydbergAtomtronicDevices— ∙PhilipKitson1,2, TobiasHaug1, Antonino
LaMagna3, OliverMorsch4, and Luigi Amico1,2,5 — 1Technology Innova-
tion Institute, Abu Dhabi, UAE — 2Dipartimento di Fisica e Astronomia and
INFN-Sezione di Catania, Catania, Italy— 3CNR-IMM, Catania, Italy— 4CNR-
INO, Pisa, Italy — 5Centre for Quantum Technologies, Singapore
Atomtronics realises circuits through the guidance of neutral ultra-cold atoms.
However, a recent proposal in the field of atomtronics has been the integration of
Rydberg atoms, whereby instead of transportingmatter, the established flow is of
Rydberg excitations. We take advantage of the blockade and anti-blockade phe-
nomena, resulting from the large dipole moments of such atoms, to prevent or
facilitate the flow of excitations throughout networks of Rydberg atoms. In our
work, we capitalise on these ideas along with the use of specific atom detunings,
in order to create a toolbox of Atomtronics devices. We first formulate a method
to control the flow of excitations through a Rydberg network via a detuning upon
a gate atom as an analogy to a switch. Second, we generate non-reciprocal flow
by using certain conditions of the anti-blockade (the gate atom’s detuning and
position). Lastly, we devise Rydberg networks to conduct logical decisions. Em-
ploying the anti-blockade mechanism we create a classical AND gate and a NOT
gate, whereby combining both, we produce a universal logic gate set.

A 5.5 Mon 18:00 HS 1010
Spectral signatures of vibronic coupling in trapped cold atomic Rydberg
systems — ∙Joseph William Peter Wilkinson1, Weibin Li2, and Igor
Lesanovsky1,2 — 1Institut für Theoretische Physik, Universität Tübingen, Auf
der Morgenstelle 14, 72076 Tübingen, Germany — 2School of Physics and As-
tronomy and Centre for the Mathematics and Theoretical Physics of Quantum
Non-Equilibrium Systems, The University of Nottingham, Nottingham, NG7
2RD, United Kingdom
Atoms and ions confined with electric and optical fields form the basis of
many current quantum simulation and computing platforms. When excited
to high-lying Rydberg states, long-ranged dipole interactions emerge which
strongly couple the electronic and vibrational degrees of freedom through state-
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dependent forces. This vibronic coupling and the ensuing hybridization of in-
ternal and external degrees of freedom manifest through clear signatures in the
many-body spectrum. In this talk, we briefly discuss the recent results in Ref. [1]
wherein we consider the case of two trapped Rydberg ions that realize a quantum
Rabi model due to the interaction between the relative vibrations and Rydberg
states. We proceed to demonstrate that this hybridization can be probed by ra-
dio frequency spectroscopy and discuss observable spectral signatures at finite
temperatures and for larger ion crystals.
[1]. J. W. P. Wilkinson, W. Li, and I. Lesanovsky, Spectral signatures of vibronic
coupling in trapped cold atomic Rydberg systems, arXiv:2311.16998 (2023)

A 5.6 Mon 18:15 HS 1010
Avalanche terahertz photon detection in a Rydberg tweezer array — ∙Chris
Nill1,2, Albert Cabot1, Arno Trautmann3, Christian Gross3, and Igor
Lesanovsky1,4 — 1Institut für Theoretische Physik, Universität Tübingen, Auf
derMorgenstelle 14, 72076 Tübingen, Germany— 2Institute for Applied Physics,
University of Bonn, Wegelerstraße 8, 53115 Bonn, Germany — 3Physikalisches
Institut, Universität Tübingen, Auf der Morgenstelle 14, 72076 Tübingen, Ger-
many— 4School of Physics and Astronomy, The University of Nottingham, Not-
tingham, NG7 2RD, United Kingdom
We propose a protocol for the amplified detection of low-intensity terahertz ra-
diation using Rydberg tweezer arrays [1]. The protocol offers single photon sen-
sitivity together with a low dark count rate. It is split into two phases: during
a sensing phase, it harnesses strong terahertz-range transitions between highly
excited Rydberg states to capture individual terahertz photons. During an am-
plification phase, it exploits the Rydberg facilitation mechanism which converts
a single terahertz photon into a substantial signal of Rydberg excitations. We dis-
cuss a concrete realization based on realistic atomic interaction parameters, de-
velop a comprehensive theoreticalmodel that incorporates themotion of trapped
atoms, and study the many-body dynamics using tensor network methods.
[1] C. Nill et al., Avalanche terahertz photon detection in a Rydberg tweezer ar-
ray, arXiv:2311.16365 (2023).

A 5.7 Mon 18:30 HS 1010
Ultrafast excitation of dense Rydberg gases at the threshold to ul-
tracold plasma — ∙Jette Heyer1,2, Mario Grossmann1,2, Julian
Fiedler1,2, Markus Drescher1,2, Klaus Sengstock1,2, Philipp Wessels-
Staarmann1,2, and Juliette Simonet1,2 — 1TheHamburg Centre for Ultrafast
Imaging, Hamburg, Germany — 2Center for Optical Quantum Technologies,
University of Hamburg, Hamburg, Germany
Ultrashort laser pulses enable the local ionization of a quantum gas on femtosec-
ond time scales. By tuning the central wavelength of a single laser pulse of 166 fs
duration across the two-photon ionization threshold of 87Rb, we investigate the
transition from ultracold plasma to dense Rydberg gases.

Above this threshold, strong-field ionization triggers the formation of a highly
charged ultracold plasma. Below the ionization threshold, we observe the ultra-
fast formation of dense Rydberg gases as the Rydberg blockade is bypassed by the
large bandwidth of the femtosecond pulse. Charge-imbalancedmicroplasma dy-
namics prevent Rydberg recombination close to the threshold and leads to ion-
ization of deeply bound Rydberg states even far below the threshold.

Our experimental setup allows us to directly detect the energy distribution of
ions and electrons as well as Rydberg atoms. State of the art molecular dynam-
ics simulations give us insight into the underlying dynamics of the many-body
system, which is governed by long-range Coulomb interactions.

A 5.8 Mon 18:45 HS 1010
Toward the demonstration of an avalanche THz photon detector with Ryd-
berg atoms — ∙Fabio Bensch, Lea-Marina Steinert, Philip Osterholz,
Shuanghong Tang, Arno Trautmann, and Christian Gross — Eberhard
Karls Universität, Tübingen, Germany
Rydberg atoms confined within tweezers demonstrate unique capabilities in re-
alizing strongly interacting and correlated many-body phenomena. The anti-
blockade effect, notably, has proven to be an optimal tool for controlling non-
linear avalanche Rydberg excitation in both disordered and ordered many-body
systems. The integration of optical tweezers with advanced sorting algorithms
enables the creation of defect-free arrays with highly precise geometry. In this
context, we introduce a novel approach where the combination of defect-free ar-
rays and avalanche facilitated excitation yields a straightforward and fuctional
THz photon detector. This opens up an innovative utilization of Rydberg atoms
to address the challenging issue of THz photon detection.

A 6: Atomic Systems in External Fields I
Time: Monday 17:00–19:00 Location: HS 1098

A 6.1 Mon 17:00 HS 1098
Characterization of the Field Ionization Laser Ion Source and Trap FI-
LIST — ∙Magdalena Kaja1, Dominik Studer2,3, Reinhard Heinke4, Tom
Kieck2,3, and Klaus Wendt1 — 1Institute of Physics, Johannes Gutenberg
University Mainz, Germany — 2Jakob-Steffan-Strasse 3 — 3Helmholtz Institute
Mainz, Germany — 4STI group, SY department, CERN, Switzerland
We present the development and initial application of the Field Ionization Laser
Ion Source andTrap (FI-LIST) at the RISIKOmass separator atMainzUniversity.
Derived from the well-established LIST and PI-LIST units previously developed
at Mainz [1,2,3] and successfully implemented at CERN-ISOLDE [4,5,6], the FI-
LIST is specifically tailored for field ionization of highly excited atoms within a
well-controlled homogeneous electric field. To evaluate its potential for future
applications in the field of rare radioactive species, e.g. actinides, we performed
ionization potential (IP) measurements on ytterbium, a case where the IP is pre-
cisely known. Employing the saddle-point model, we determined the IP value
with a relative precision of 3 ⋅10−6, showing perfect agreement with the literature
value and confirming the expectations of the device.

[1] K. Blaum, et. al., NIM B 204 (2003) 331-335
[2] K. Wendt, et. al., Nucl. Phys. A 746 (2004) 47-53,
[3] F. Schwellnus, et al., NIM B 266 (19) (2008) 4383-4386
[4]D. Fink, et. al., NIM B 344 (2015) 83-95
[5] D. A. Fink, Phys. Rev. X 5 (2015)
[6] R. Heinke, et. al., NIMB 541 (2023) 8-12

A 6.2 Mon 17:15 HS 1098
A universal method to polarize beams and samples — ∙Nicolas
Faatz1,2,3, Tarek El-Kordy1,2,4, Christoph Hanhart2,5, Chrysovalan-
tis Kannis6, Lukas Kunkel1,2,3, Simon Pütz1,2, Harsh Sharma1,2,4, Vin-
cent Verhoeven1,2, Jan Wirtz1,2,3, and Markus Büscher6,7 — 1GSI
Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt, Germany
— 2Institut für Kernphysik, Forschungszentrum Jülich, Jülich, Germany— 3III.
Physikalisches Institut B, RWTH Aachen University, Aachen, Germany — 4FH
Aachen, Campus Jülich, Jülich, Germany — 5Institute for Advanced Simula-
tion 4, Forschungszentrum Jülich, Jülich, Germany — 6Institut für Laser- und

Plasma-Physik, Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany
— 7Peter-Grünberg-Institut 6, Forschungszentrum Jülich, Jülich, Germany
In various applications a high nuclear polarisation, ideally a total alignment of all
spins, is favourable, e.g. for sources and targets for fundamental research. The
hereby presented method provides an inexpensive, fast, versatile and effective
solution to produce highly polarised materials in reasonable amounts based on
radio-wave pumping of hyperfine states and quantum interference effects. This
method is theoretically understood and was experimentally proven for beams of
metastable hydrogen atoms in the keV energy range. Thus, this technique opens
the door for new applications as polarised tracers or even low-field MRI with
even better spatial resolution in medicine or the production of polarised fuel to
increase the energy output.

A 6.3 Mon 17:30 HS 1098
A new polarization method and its applications — ∙Chrysovalantis
Kannis1, Ralf Engels2,3, Tarek El-Kordy2,3,4, Nicolas Faatz2,3,5,
Christoph Hanhart2,6, Lukas Kunkel2,3,5, Harsh Sharma2,3,4, Jan
Wirtz2,3,5, and Markus Büscher1,7 — 1Institut für Laser- und Plasma-
Physik, Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany —
2Institut für Kernphysik, Forschungszentrum Jülich, Jülich, Germany — 3GSI,
Helmholtzzentrum für Schwerionenforschung, Darmstadt, Germany — 4FH
Aachen, Campus Jülich, Jülich, Germany — 5III. Physikalisches Institut B,
RWTHAachenUniversity, Aachen, Germany— 6Institute forAdvanced Simula-
tion 4, Forschungszentrum Jülich, Jülich, Germany — 7Peter-Grünberg-Institut
6, Forschungszentrum Jülich, Jülich, Germany
Since the discovery of nuclear spin, scientific efforts have been focused on the
production of non-equilibrium spin distributions, in which one of the possible
spin projections prevails. Nuclear spin-polarization is advantageous for several
fields of scientific (physics, chemistry, biology) and public (medicine) interest.
Recently, our group developed a new polarization method based on radio-wave
pumping at small magnetic fields that can be applied to particle beams and po-
tentially to samples. Its advantages compared to conventional methods along
with its limitations will be highlighted. Some exemplary applications are po-
larized sources and targets for the measurement of spin-dependent observables,
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polarized nuclear fusion, medical imaging diagnostics, etc.. Further develop-
ments and our future plans will be discussed.

A 6.4 Mon 17:45 HS 1098
Relativistic strong-field ionization including atomic polarization and Stark-
shift — ∙Michael Klaiber1, John S Briggs2, Karen Z Hatsagortsyan1,
and Christoph H Keitel1 — 1Max Planck Institute for Nuclear Physics —
2Universität Freiburg
Relativistic theory of strong-field ionization applicable across the regimes of the
deep-tunneling up to the over-barrier ionization (OTBI) is developed, incorpo-
rating the effects of the polarization of the atomic bound state and the Stark-shift
in an ultrastrong laser field. The theory addresses the order of magnitude dis-
crepancy of the ionization yield at OTBI regime calculated via the numerical
solution of the Klein-Gordon equation [1] and the recent experimental result
[2] with respect to the state-of-the-art quasiclassical theory of Perelomov-Popov-
Terent’ev for strong-field ionization or the relativistic R-matrix theory [3]. While
the developed theory employs a simplified Keldysh-like approach describing the
ionization as a quantum jump from the bound state to the continuum at a spe-
cific transition time, the improved performance is achieved by accounting for
the bound state distortion in the laser field. In the nonrelativistic limit, the the-
ory reproduces the well-known fitting formula to numerical calculations for the
ionization rate of OTBI.

[1] B. Hafizi et al., Phys. Rev. Lett. 118, 133201 (2017)
[2] A. Yandow et al., arXiv:2306.09620
[3] M. Klaiber et al., Phys. Rev. A 107, 023107 (2023)

A 6.5 Mon 18:00 HS 1098
Dual-comb spectroscopy at high magnetic fields — ∙Razmik Aramyan1,2,
Oleg Tretiak1,2, Sushree S. Sahoo1,2, Arne Wickenbrock1,2, and Dmitry
Budker1,2,3 — 1Johannes Gutenberg-Universität Mainz, 55128 Mainz, Ger-
many — 2Helmholtz-Institut Mainz, GSI Helmholtzzentrum für Schwerionen-
forschung, 55128Mainz, Germany— 3Department of Physics, University of Cal-
ifornia, Berkeley, California 94720, USA
The invention of the frequency comb revolutionized metrology and became piv-
otal in various fields, including astronomy, optical communications, and more.
Moreover, it found application in spectroscopy, serving as both a precise refer-
ence and the primary tool for sample interrogation. Dual-Comb Spectroscopy
(DCS) further advanced this revolution, allowing rapid, high-resolution, and
time-resolved analyses.

In various physics fields, atomic data play a pivotal role, especially in explor-
ing ’new physics’ beyond the standard model. They furnish essential informa-
tion for understanding fundamental interactions and designing experiments to
probe uncharted scientific fields. Our project aims to develop and use the DCS
technique for broad-band spectroscopy of Rare-Earth Elements (REE) under a
strong magnetic field (up to 100 T). The data will be used to train a neural net-
work to predict atom-related information accurately. We will present the current
state of DCS development and present initial results from our coherent data ac-
quisition and analysis technique. Additionally, we will show the outcomes from
various evaporation methods applied to REE, particularly in our first test case,
samarium.

A 6.6 Mon 18:15 HS 1098
Structured-light-matter interaction in external fields — ∙Riaan Philipp
Schmidt1, Shreyas Ramakrishna2, Anton Peshkov1, Sonja Franke-
Arnold3, and Andrey Surzhykov1 — 1Physikalisch-Technische Bunde-
sanstalt — 2Helmholtz-Institut Jena — 3School of Physics and Astronomy, Uni-
versity of Glasgow
During recent years, a number of studies has been performed to investigate the
interaction of atomicmedia with structured lightmodes. These studies paved the
way for the application of structured beams in optical traps and tweezers, classi-
cal and quantum communication, and atomic magnetometers. In particular, the
latter are based on the analysis of absorption images of such beams in an atomic

cloud [1]. In this contribution, we perform a theoretical study for the coupling
of atoms and structured light in external fields. In the framework of the density
matrix approach and the Liouville-von Neumann equation, we show that exper-
imental observables, i.e. intensity of the transmitted light, are very sensitive to
the incident radiation and the external fields. To illustrate this sensitivity we per-
formed detailed calculations for the 5s 2S1/2 − 5p 2P3/2 transition in a rubidium
atom induced by various structured light modes. Based on the results of these
calculations, we find that the transmission patterns allow for the detection of the
alignment of an external magnetic field and the analysis of frequency detuning
of the radiation from the atomic resonance. This opens up new opportunities for
structured light in atomic magnetometers and polarization spectroscopy exper-
iments.

[1] F. Castellucci et al., Phys. Rev. Lett. 127, 233202 (2021)

A 6.7 Mon 18:30 HS 1098
Ab Initio Dynamics of Orbital Angular Momentum Transfer to Atomistic
Systems — ∙Esra Ilke Albar1, Franco P. Bonafé1, Valeriia Kosheleva1,
Heiko Appel1, and Angel Rubio1,2,3 — 1Max Planck Institute for the Struc-
ture and Dynamics of Matter — 2Center for Computational Quantum Physics
(CCQ), The Flatiron Institute, 162 Fifth Avenue, New York, NY, 10010, USA —
3Nano-Bio Spectroscopy Group, Departamento de Física de Materiales, Univer-
sidad del País Vasco, 20018, San Sebastian, Spain
Optical vortices are characterized by their orbital angular momentum (OAM)
content. Due to their structured wavefront they can induce transitions beyond
the dipole approximation. The study of their interaction with atomic and molec-
ular systems in real time, therefore, demand novel computational tools that con-
sider the spatial profile of the incoming fields.

We perform numerical simulations within the time-dependent density func-
tional theory (TDDFT) using the Octopus code, coupling the time-dependent
Kohn-Sham equations withMaxwell’s equations, to describe self-consistent light
and matter dynamics. We account for the spatial structure of optical vortices at
different coupling levels beyond dipole using the multipolar expansion as well
as the full minimal coupling Hamiltonian. We use atoms as a benchmark sys-
tem and analyze the validity of the selection rules for different multipolar terms,
considering incoming Bessel beams of different order and handedness. We also
investigate the effect of other optical vortex parameters on the interaction such
as the impact parameter and the envelope function.

A 6.8 Mon 18:45 HS 1098
Semiclassical spin self-organization in non-equilibrium generalized Dicke
models — ∙Marc Nairn1, Simon Jäger2, Giovanna Morigi3, Luigi
Giannelli4, and Beatriz Olmos-Sanchez1 — 1Institut für Theoretische
Physik, Universität Tübingen, 72076 Tübingen, Germany — 2Physics Depart-
ment and Research Center OPTIMAS, University of Kaiserslautern-Landau,
67663 Kaiserslautern, Germany — 3Theoretische Physik, Universität des Saar-
landes, D-66123 Saarbrücken, Germany — 4Dipartimento di Fisica e Astrono-
mia Ettore Majorana, Università di Catania, 95123 Catania, Italy
Cavity setups serve to probe all to all interactions in many-body spin systems
and are intriguing platforms for quantum simulation of exotic states of matter.
Motivated by recent experiments with BECs showing the self-organized phase
in the non-equilibrium Dicke model, here we study a range of generalized Dicke
models and establish the transition into an atomic self-organized state due to
spin-motion correlations. We are able to faithfully replicate the dynamics of indi-
vidual spins in a large atomic ensemble close to the semiclassical limit by taking
advantage of the so called discrete Truncated Wigner Approximation (dTWA)
and performing an extensive phase-space Monte Carlo sampling. We observe
a transition to a spin self-ordered state when the coupling strength is increased
beyond a critical value. At this point the atoms align themselves at the cavity
field maxima and minima, resulting in an in-phase superradiant emission into
the cavity mode. We show the system hosts a rich phase diagram, where the
self-ordered state may be finely tuned by means of external lasers.

A 7: Bosonic Quantum Gases II (joint session Q/A)
Time: Monday 17:00–19:00 Location: Aula
See Q 9 for details of this session.

A 8: Precision Measurements I (joint session Q/A)
Time: Monday 17:00–19:00 Location: HS 1221
See Q 11 for details of this session.
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A 9: Strong-field Ionization and Imaging (joint session MO/A)
Time: Monday 17:00–18:30 Location: HS 3044
See MO 4 for details of this session.

A 10: Interaction with Strong or Short Laser Pulses I (joint session A/MO)
Time: Tuesday 11:00–13:00 Location: HS 1010

Invited Talk A 10.1 Tue 11:00 HS 1010
Strong-field coherent control in the extreme ultraviolet domain — ∙F.
Richter1, U. Saalmann2, M. Wollenhaupt3, E. Allaria4, C. Callegari4,
M. Danailov4, L. Gianessi4, M. Zangrando4, and L. Bruder1 — 1Institute
of Physics, University of Freiburg— 2Max-Planck-Institut für Physik komplexer
Systeme, Dresden — 3Institute of Physics, University of Oldenburg — 4Elettra -
Sincrotrone Trieste S.C.p.A., Trieste, Italy
Coherent control drew a lot of interest in recent years spanning over various
fields of research regarding the promising abilities for quantum computing and
precision measurements. Coherent control extended to the strong-field regime
is particularly promising for the manipulation of matter and the control of pho-
tochemical reactions. In this work, we develop a scheme to extend strong-field
coherent control to the XUV domain. With intense XUV pulses, we induce Rabi
oscillations in atoms, leading to Autler-Townes level splittings in the photoelec-
tron spectra [1]. In the near infrared domain, the feasibility to coherently control
the population of the Autler-Townes doublet has been shown, based on chirp
manipulation of the laser pulses [2,3]. To establish comparable schemes in the
XUV domain, we implement chirp control of the XUV pulses from the free elec-
tron laser FERMI. By manipulating the chirp of the XUV pulses in a controlled
way, we demonstrate strong-field coherent control of Autler-Townes states in the
XUV domain.

[1] S. Nandi et al. Nature 608, 488*493 (2022). [2]M.Wollenhaupt et al., Appl.
Phys. B 82, 183*188 (2006). [3] U. Saalmann et al., Phys. Rev. Lett. 121, 153203
(2018).

A 10.2 Tue 11:30 HS 1010
Intra-cavity photoelectron tomography and pulsed standing waves at 100
MHz repetition rate — ∙Jan-Hendrik Oelmann, Tobias Heldt, Lennart
Guth, Nick Lackmann, LukasMatt, Thomas Pfeifer, and José R. Crespo
López-Urrutia—Max-Planck-Institut für Kernphysik, Heidelberg, Germany
To get access to multiphoton ionization studies at high laser intensities
(∼ 1013 W/cm2) while maintaining the high 100MHz repetition rate of the driv-
ing frequency comb, we have recently developed a novel polarization-insensitive
enhancement cavity with an integrated velocity-map imaging (VMI) spectrom-
eter [1, 2]. Polarization-controlled pulse pairs with a variable time delay allow
pump-probe experiments. With this polarization control but in single-pulse op-
eration, we were able to tomographically reconstruct 3D photoelectron angular
distributions [3] from xenonMPI at 100MHz repetition rate, revealing resonant
Rydberg states during ionization.

Now, we use counter-propagating pulses colliding at the focus to generate in-
tense femtosecond standing waves in the cavity. We probe the phase of these at
the nanometer scale using photoemission from a tungsten nanotip. Colliding
pulses offer the dual advantage of enabling Doppler-free excitation schemes and
of reducing the interaction volume at the focus.
[1] J.-H. Oelmann et al., Rev. Sci. Instrum., 93(12), 123303 (2022). [2] J. Nauta
et al., Opt. Lett. 45(8), 2156 (2020). [3] M. Wollenhaupt et al., Appl. Phys. B
95(4), 647-651 (2009).

A 10.3 Tue 11:45 HS 1010
Reconstruction of Three Dimensional Molecular Density from XFEL Scat-
tering Images using Machine Learning — ∙Siddhartha Poddar, Ulf Saal-
mann, and JanMichael Rost—Max Planck Institute for the Physics of Com-
plex Systems
As the three-dimensional electron density profile recovery technique for a sin-
gle macro-molecule from a large dataset of coherent diffraction images gener-
ated using an X-ray free-electron laser, I have applied an unsupervised machine
learning algorithm namely Generative Adversarial Network (GAN). It learns to
mimic the high-dimensional distribution of given images by generating its own
’fake’ distribution of images with the help of a deep convolutional neural network
called the discriminator which distinguishes samples drawn from the original
and fake distributions. To generate samples for this fake distribution of images,
GAN creates and constantly modifies a three-dimensional structure. This struc-
ture is claimed to be unique and an equivalent version of the target electronic
density profile of the molecule.

A 10.4 Tue 12:00 HS 1010
Retrieval of the time-dependent bond length in a molecule from photoelec-
tron momentum distributions using deep learning — ∙Nikolay Shvetsov-
Shilovskiy and Manfred Lein— Leibniz Universität Hannover
We apply a convolutional neural network (CNN) to photoelectron momentum
distributions produced by strong-field ionization in order to retrieve the time-
varying bond length in the dissociating two-dimensional H+

2 molecule. We con-
sider the pump-probe scheme and treat the motion of the atomic nuclei either
classically, semiclassically, or quantummechanically. In all these cases, the CNN
trained on momentum distributions with fixed internuclear distances [1] pre-
dicts the time-dependent bond length with a good accuracy. We investigate
whether the neural network can also simultaneously retrieve both the internu-
clear distance and the velocity with which it increases. Therefore, our results
show that deep learning can be used not only for static, but also for dynamic
molecular imaging.

[1] N. I. Shvetsov-Shilovski and M. Lein, Phys. Rev. A 105 L021102 (2022).

A 10.5 Tue 12:15 HS 1010
Shaped free electron vortices— ∙Darius Köhnke, Tim Bayer, andMatthias
Wollenhaupt—Carl vonOssietzky university Oldenburg, Institute of Physics,
Germany
Since their first theoretical proposal [1] and their experimental demonstration
[2], free electron vortices have attracted significant attention. Very recently, a
novel category of electron spirals, termed ”reversible electron spirals” [3], was
introduced. Departing from the conventional approach of employing a con-
stant delay between two subpulses, two chirped subpulses were used. Build-
ing on this concept, we introduce tailored free electron vortices in multipho-
ton ionization (MPI) using two subpulses with circular polarization of oppo-
site handedness, modulated by non-trivial spectral phase functions. Through
the utilization of different MPI pathways, the quantum system multiplexes the
fields of the subpulses, generating multiple complex spectral phases. These spec-
tral phases are encoded in continuum states characterized by different mag-
netic quantum numbers. The interference of these continuum states gives rise
to multiple interferograms of different symmetry that are multiplexed into a
single 3D photoelectron momentum distribution. To demultiplex these inter-
ferograms and extract the encoded spectral phases, we perform photoelectron
tomography and employ Fourier analysis on the measured wave packet. This ap-
proach enables the retrieval of spectral information, both from the input laser
fields and signatures of the ionization process, embedded within the interfero-
grams.

[1] Phys. Rev. Lett. 115, 113004 (2015)
[2] Phys. Rev. Lett. 118, 053003 (2017)
[3] Phys. Rev. A 106, 043110 (2022)

A 10.6 Tue 12:30 HS 1010
Coherent control of 6Li multiphoton ionization by a bichromatic laser field
— ∙SilvaMezinska1, KlausBartschat2, ThomasPfeifer1, andAlexander
Dorn1 — 1Max-Planck-Institute for Nuclear Physics, Heidelberg, Germany —
2Drake University, Des Moines, Iowa, USA
This work presents a coherent 6Li multiphoton ionization control by a bichro-
matic laser field at 780/390 nm. In particular, we demonstrate a control of the
left-right asymmetry of the photoelectron angular distributions with respect to
the plane orthogonal to the laser polarization direction with a subwavelength
accuracy. In addition, we also consider a delay scan between the two harmon-
ics extending between the second-harmonic pulse advancing the fundamental
pulse and vice versa. Here, we study the delay-dependent features of the photo-
electron spectra when the two harmonics are temporally overlapping and non-
overlapping. All the experimental results are compared with calculations based
on the solution of the time-dependent Schrödinger equation in the single-active
electron approximation.

A 10.7 Tue 12:45 HS 1010
Nonspreading relativistic electron wavepacket in a strong laser field —
∙Andre G. Campos, Karen Z. Hatsagortsyan, and Christoph H. Keitel
—Max Planck Institute for Nuclear Physics
A solution of the Dirac equation in a strong laser field presenting a nonspread-
ing wave packet in the rest frame of the electron is derived. It consists of a
generalization of the self-accelerating free electron wave packet [Kaminer et
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al. Nature Phys. 11, 261 (2015)] to the case with the background of a strong
laser field. Built upon the notion of nonspreading for an extended relativis-
tic wavepacket, the concept of Born rigidity for accelerated motion in rela-
tivity is the key ingredient of the solution. At its core, the solution comes
from the connection between the self-accelerated free electron wave packet
and the eigenstate of a Dirac electron in a constant and homogeneous gravi-

tational field via the equivalence principle. The solution is an essential step to-
wards the realization of the laser-driven relativistic collider [Meuren et al. PRL
114, 143201 (2015)], where the large spreading of a common Gaussian wave
packet during the excursion in a strong laser field strongly limits the expectable
yields.

A 11: Precision Spectroscopy of Atoms and Ions I (joint session A/Q)
Time: Tuesday 11:00–13:00 Location: HS 1098

A 11.1 Tue 11:00 HS 1098
Implementing a Josephson Voltage Standard on a Penning Trap for the Nu-
clear Magnetic Moment Measurements of 2D, 3He and 7Li — ∙Annabelle
Kaiser1, Stefan Dickopf1, Marius Müller1, Ralf Behr2, Ute Beutel1,
Ankush Kaushik1, Luis Palafox2, Stefan Ulmer3,4, Andreas Mooser1,
and Klaus Blaum1 — 1Max-Planck-Institut für Kernphysik, Heidelberg, Ger-
many — 2Physikalisch Technische Bundesanstalt, Braunschweig, Germany —
3RIKEN, Wako, Japan — 4HHU Düsseldorf, Germany
Penning traps are versatile tools for high-precision measurements of e.g. the hy-
perfine structure from which atomic masses, binding energies and electron as
well as nuclear magnetic moments can be extracted. For the latter, a spin-flip
needs to be resolved with a change in signal that is barely detectable before the
background noise, using methods described in [1]. This requires an ultra-stable
trapping environment and extremely cold ion temperatures. A new technique
will be presented, which reduces the noise originating from the voltage sources
generating the electrostatic trapping potential: By implementing a tunable 10
V Josephson voltage standard, the stability of the ion’s axial frequency was mea-
sured to be twice as stable (10 ppb over 8minutes, at 800 kHz absolute frequency)
as with the typical low-noise voltage sources UM1-14. An environment this sta-
ble enables the direct high-precision measurements of the nuclear magnetic mo-
ment of 2D, 3He and 7Li. First results of the frequency stability improvement will
be presented, along with the status of the project.

[1] Mooser et al., J. Phys.: Conf. Ser. 1138 012004 (2018)

A 11.2 Tue 11:15 HS 1098
Measurement of the bound-electron g-factor in 4He+ for the determination
of the electron mass — ∙Marius Müller1, Stefan Dickopf1, Annabelle
Kaiser1, Ute Beutel1, Ankush Kaushik1, Stefan Ulmer2,3, Andreas
Mooser1, and Klaus Blaum1 — 1Max-Planck-Institut für Kernphysik, Hei-
delberg, Deutschland— 2RIKEN,Wako, Japan— 3Heinrich-Heine-Universität,
Düsseldorf, Deutschland
The determination of fundamental constants is of great importance for many
fields of science and technology. One of these fundamental constants is the
atomic mass of the electron, which was previously determined to a fractional
uncertainty of 30 ppt by a collaborative effort of high-precision Penning-trap
g-factor measurements of hydrogen-like carbon-12 and state-of-the-art bound-
state QED calculations [1]. Recentmeasurements of the helium-4mass at LION-
TRAPwith a relative precision of 12 ppt [2] allow for an independent cross-check
of the electron mass in a different ionic system and further enable an improve-
ment in precision by a factor of 2.5.

At our experimental Penning-trap setup at the MPIK in Heidelberg [3], we
are currently conducting high-precision bound-electron g-factor measurements
of 4He+ in order to improve the precision of the atomic mass of the electron.
The current status and first experimental results of the helium-4 measurement
campaign will be presented.
[1] S. Sturm et al., Nature 506, 467 (2014)
[2] S. Sasidharan et al., Phys. Rev. Lett. 131, 093201 (2023)
[3] A. Schneider et al., Nature 606, 878 (2022)

A 11.3 Tue 11:30 HS 1098
Precision ground-state hyperfine and Zeeman spectroscopy on 9Be ions
— ∙Stefan Dickopf1, Bastian Sikora1, Annabelle Kaiser1, Mar-
ius Müller1, Stefan Ulmer2, Vladimir Yerokhin1, Zoltan Harman1,
ChristophKeitel1, AndreasMooser1, and Klaus Blaum1 — 1Max-Planck-
Institut für Kernphysik, Heidelberg, Germany — 2Institut für Experimental-
physik, Heinrich-Heine-Universität, Düsseldorf, Germany
Measurements of the Zeeman splitting in systems with nuclear magnetic mo-
ments can be used to infer the shielded nuclear and the bound electron д-factors,
as well as the zero-field hyperfine splitting [1]. We measured the Zeeman split-
ting of 9Be3+ and compare it to measurements on 9Be1+ [2] to test the theory of
the diamagnetic shielding factor [3] on the parts per billion level. Additionally,
we compare our measured zero-field splitting with the value obtained in 9Be1+
via the so-called hyperfine specific difference to cancel theoretically intractable
nuclear structure contributions. Recent progress and the latest results will be
presented.

[1] A. Schneider et al, Nature 606, 878-883 (2022)

[2] D. J. Wineland, J. J. Bollinger, and Wayne M. Itano, Phys. Rev. Lett. 50,
628-631 (1983)

[3] K. Pachucki and M. Puchalski, Optics Communication 283, 641-643
(2010)

A 11.4 Tue 11:45 HS 1098
Isotope shift spectroscopy in ultracold atomic mercury— ∙Thorsten Groh,
Sascha Heider, and Simon Stellmer — Physikalisches Institut, Universität
Bonn, Nussallee 12, 53115 Bonn
Low energy beyond standard model theories predict a new boson, that would
act as a new force carrier coupling neutrons and leptons via a Yukawa like in-
teraction [Delaunay, PRD 96, 093001; Berengut, PRL 120, 091801]. Precision
spectroscopy of atomic isotope shifts could resolve this coupling as an energy
shift of electronic levels. New physics signatures would emerge as nonlinearities
in King plots of scaled isotope shifts on different electronic transitions.

We cool mercury in a magneto-optical trap. Our results on high resolution
deep UV laser spectroscopy show strong deviations from linearity. Our multi-
dimensional King plot analysis indicates that these are dominated by standard
model contributions, quadratic field shifts and nuclear deformations. With re-
cent improvements on the machine and spectroscopy results on additional lines
we investigate the nonlinearity origins further.

A 11.5 Tue 12:00 HS 1098
Spectroscopy of calcium on an atomic vapor — ∙Lukas Möller, David
Röser, Frederik Wenger, Andreas Reuss, Anica Hamer, and Simon
Stellmer— Physikalisches Institut, Universität Bonn
Calcium is an element that posseses multiple desireable qualities that make it
suitable for a multitude of applications, including atomic clocks and the search
for beyond standard model physics. All of these applications are based on high
precision spectroscopy. Spectroscopy on thermal atomic vapor is a straightfor-
ward and well-estabished method. By applying a lock-in detection scheme that
uses both frequency and amplitude modulation to saturated absorption spec-
troscopy, we measure the isotope shifts of the 423-nm 1S0 -> 1P1 transition for
all stable calcium isotopes.

A 11.6 Tue 12:15 HS 1098
Developments towards quantum logic spectroscopy for high-precision CPT
symmetry tests in a cryogenic Penning trap — ∙Jan Schaper1, Julia
Coenders1, Moritz von Boehn1, NimaHashemi1, JuanManuelCornejo1,
Stefan Ulmer3,4, and Christian Ospelkaus1,2 — 1Leibniz Universität Han-
nover, Germany — 2Physikalisch-Technische Bundesanstalt, Braunschweig,
Germany — 3Ulmer Fundamental Symmetries Laboratory, Riken, Japan —
4Heinrich-Heine-Universität Düsseldorf, Germany
High-precision matter-antimatter comparisons allow to test CPT symmetry and
to search for new physics beyond the standard model. The BASE collaboration
contributes to these tests by measuring the charge-to-mass ratio and д-factor of
protons and antiprotons in cryogenic Penning traps [1-3]. The BASE experiment
at the Leibniz University Hannover is developing measurement schemes based
on sympathetic cooling and quantum logic spectroscopy to further increase sam-
pling rates, using 9Be+ both as cooling and logic ion [4].

This talk will present recent advances, including adiabatic transport in thems-
regime [5] and ground-state cooling of a single 9Be+ ion [6]. Furthermore, up-
coming changes to the experimental apparatus, including a redesigned Penning
trap stack, will be shown.

[1] G. Schneider et al., Science 358, 1081 (2017) [2] C. Smorra et al., Nature
550, 371 (2017) [3]M.J. Borchert et al., Nature 601, 53 (2022) [4] JuanMCornejo
et al 2021 New J. Phys. 23 073045 [5] Meiners et al., arXiv:2309.06776 (2023) [6]
Cornejo et at., arXiv:2310.18262 (2023)
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A 11.7 Tue 12:30 HS 1098
X-Ray Spectroscopy of the Kα transitions in He-like Uranium —
∙Philip Pfäfflein1,2,3, Steffen Allgeier4, Sonja Bernitt1,2,3, Andreas
Fleischmann4, Marvin Friedrich4, Alexandre Gumberidze2, Christoph
Hahn1,2, Daniel Hengstler4, Marc O. Herdrich1,2,3, Felix Kröger1,2,3,
Patricia Kuntz4, Michael Lestinsky2, Bastian Löher2, Esther B.
Menz1,2,3, Uwe Spillmann2, Sergiy Trotsenko1,2, Günter Weber1,2,
Binghui Zhu1,2,3, Christian Enss4, and Thomas Stöhlker1,2,3 — 1HI
Jena, Germany — 2GSI, Darmstadt, Germany — 3Jena University, Germany
— 4Heidelberg University, Germany
Helium-like ions are the simplest atomic multi-body systems. Their study along
the isoelectronic sequence allows for precision tests of the interplay of the effects
of electron–electron correlation, relativity and quantum electrodynamics (QED)
within a wide range of electromagnetic field strengths. Heavy highly charged
ions are ideal for probing higher order QED terms. For the 1s state in uranium,
e.g. their contributions are on the 1 eV level at binding energies of above 100 keV.

In spring 2021 an X-ray spectroscopy study of helium-like uranium ions
has been performed at the electron cooler of the low-energy storage ring
CRYRING@ESR at GSI, Darmstadt using metallic magnetic calorimeter detec-
tors. The achieved spectral resolution reveals the substructure of the Kα1 and
Kα2 lines for the first time. Using two detectors the Doppler shift was deduced
from the recorded spectra. This breakthrough in X-ray spectroscopy enables fu-
ture precision tests of bound-state QED and many-body effects in extreme field
strengths.

A 11.8 Tue 12:45 HS 1098
Towards high precision quantum logic spectroscopy of single molecular ions
— ∙Maximilian Jasin Zawierucha1, Till Rehmert1, Fabian Wolf1, and
Piet O. Schmidt1,2 — 1Physikalisch- Technische Bundesanstalt, Braunschweig
— 2Institut für Quantenoptik, Leibniz Universität Hannover, Hannover
High precision spectroscopy of trapped molecular ions constitutes a promis-
ing tool for the study of fundamental physics. Possible applications include the
search for a variation of fundamental constants and measurement of the elec-
tric dipole moment of the electron. Compared to atoms, molecules offer a rich
level structure, permanent dipolemoment and large internal electric fields which
make them exceptionally well suited for those applications. However, the addi-
tional rotational and vibrational degrees of freedom result in a dense level struc-
ture and absence of closed cycling transitions. Therefore, standard techniques
for cooling, optical pumping and state detection cannot be applied. This chal-
lenge can be overcome by quantum logic spectroscopy. In addition to the single
molecular ion, one well-controllable atomic ion is co-trapped, coupling strongly
to the molecule via the Coulomb interaction. The shared motional state is used
as a bus to transfer information about the internal state of the molecular ion to
the atomic ion. Using calcium as a logic ion, we have implemented a quantum
logic scheme to detect population transfer on a co-trapped spectroscopy ion. The
interaction is driven by a far detuned Raman laser setup. We present the latest
progress of our experiment, aiming at high precision spectroscopy of molecular
and complex atomic ions.

A 12: Bosonic Quantum Gases III (joint session Q/A)
Time: Tuesday 11:00–13:00 Location: Aula
See Q 16 for details of this session.

A 13: Trapping and Cooling of Atoms (joint session Q/A)
Time: Tuesday 11:00–13:00 Location: HS 1221
See Q 18 for details of this session.

A 14: Members’ Assembly
Time: Tuesday 13:15–14:15 Location: HS 1010
All members of the Atomic Physics Division are invited to participate.

A 15: Poster I
Time: Tuesday 17:00–19:00 Location: Tent A

A 15.1 Tue 17:00 Tent A
Relaxation in dipolar spin ladders— ∙Gustavo Dominguez1, Luis Santos1,
Thomas Bilitewski2, David Wellnitz3, and Ana Maria Rey3 — 1Leibniz
University, Hannover, Germany— 2Oklahoma StateUniversity, Oklahoma, USA
— 3University of Colorado, Boulder, USA
Ultracold dipolar particles pinned in optical lattices or tweezers provide an excel-
lent platform for studying out-of-equilibrium quantum magnetism with dipole-
mediated couplings. Starting with an initial state in which spins of opposite
orientations are prepared in each of the legs of a ladder lattice, we show that
spin relaxation displays an unexpected dependence on inter-leg distance and
dipole orientation. This dependence, stemming from the interplay between
intra- and inter-leg interactions, results in three distinct dynamical regimes: (i)
ergodic, characterized by the fast relaxation towards equilibrium of correlated
pairs of excitations generated at exponentially fast rates from the initial state;
(ii) metastable, in which the state is quasi-localized in the initial state and only
decays in exceedingly long timescales, resembling false vacuum decay; and, sur-
prisingly, (iii) partially-relaxed, with coexisting fast partial relaxation and partial
quasi-localization. Realizing this intriguing dynamics is at hand of current state-
of-the-art experiments in dipolar gases

A 15.2 Tue 17:00 Tent A
Nonlinear interference and electron dynamics: Probing photoelectron mo-
mentum distribution in strong-field ionization — ∙Danish Furekh Dar1,2
and Stephan Fritzsche1,2 — 1Helmholtz Institute Jena, Fröbelstieg 3, 07743
Jena, Germany — 2Friedrich-Schiller-Universität Jena
Nonlinear interference in the interaction of intense laser pulses with atoms pro-
foundly affects the photoelectron momentum distribution (PMD). We theoreti-

cally show that the interference pattern in the PMD arises from the interaction
of electron with the fundamental frequencies concealed within the pulse. Non-
linear interference also imprints distinctive features on the ionization spectrum,
providing valuable information about electron dynamics and phase relationships
within the laser pulse. Additionally, the augmentation of optical cycles induces
a distinct confinement in the PMD.

A 15.3 Tue 17:00 Tent A
Photonic Insights into Tissue Thermal Responses: A Numerical Analy-
sis Based on a Two-Temperature Model (TTM) — ∙Hristina Delibašić
Marković1, Violeta Petrović1, Konstantinos Kaleris2,3, and Ivan
Petrović4 — 1Faculty of Science, University of Kragujevac, Radoja Do-
manovića 12, 34000 Kragujevac, Serbia — 2Institute of Plasma Physics and
Lasers, Hellenic Mediterranean University, Tria Monastiria, 74100 Rethymo,
Greece — 3Physical Acoustics and Optoacoustics Laboratory, Music Technol-
ogy and Acoustics Dept., Hellenic Mediterranean University, 74100 Rethymno,
Greece — 4Academy of Professional Studies Šumadija, Department in Kraguje-
vac, Serbia
In this research, we investigate the thermal response of tissue to intense laser
pulses using the two-temperaturemodel. This model is pivotal for analyzing heat
conduction in both vascular and extravascular regions, crucial in laser-tissue in-
teraction studies. It effectively differentiates between blood and tissue temper-
atures, incorporating a coupling factor and phase lag times essential for accu-
rate predictions under laser exposure. These parameters are closely linked to the
physical properties of blood and tissue, the convective heat transfer coefficient,
and the blood perfusion rate. Employing the finite differencemethod, we address
this complex problem, and our findings elucidate the tissue’s thermal behavior
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during laser interaction and its susceptibility to optical breakdown. This work
significantly contributes to our understanding of laser-tissue dynamics, offering
important insights in the field of atomic and molecular physics.

A 15.4 Tue 17:00 Tent A
Entanglement created in ultracold collisions: a realistic model study —
∙Yimeng Wang, Karl P. Horn, and Christiane P. Koch — Fachbereich
Physik, Freie Universität Berlin, Arnimallee 14, 14195 Berlin, Germany
Despite being one of the most common and straightforward ways of generating
entanglement between two particles, the creation of entanglement in collisions
has never been comprehensively studied beyond 1D or toymodels. Here, we seek
to quantify the degree of entanglement generated in ultracold atomic collisions
by computing the inter-particle purity, focusing first on the motional degree of
freedom. As the entanglement generated in collisions depends rather sensitively
on the initial conditions, we consider two elongated Gaussian wave packets as
pre-collision states, whose shapes are determined by the uncertainty of the trans-
verse and longitudinal momenta, to model the realistic experimental settings as
possible. Apart from the initial conditions for the particle motion, we study how
the partial-wave scattering phase shifts, the energy derivative of which signals a
resonance state, influence the degree of entanglement.

A 15.5 Tue 17:00 Tent A
Central energy shift in two-photon ionization process — ∙Hao Liang and
Jan-Michael Rost — Max-Planck-Institut für Physik komplexer Systeme,
Dresden, Germany
In photo-ionization process, the energy of photoelectron is equal to photo energy
minus ionization potential. However, if the photon has a finite spectrum width,
there would be an additional negative shift for the central energy of photoelec-
tron respect to that of photo spectrum due to the decreasing photo-ionization
cross section. Such shift is not easy to be observed in usual scheme. Here
we proposed that one can measure it with reconstruction of attosecond har-
monic beating by interference of two-photon transition techniques (RABBITT)
for two-photon ionization process. By numerically solving the time-dependent
Schrödinger equation, we found such central energy shift changes for different
phase delays, spectrum width ratios and intensity ratios. With the two-photon
perturbative theory, one can understand those phenomenon quantitatively. Fi-
nally, we found that themeasurement of energy shift provides a way to determine
two independent ionization time-delays in two-photon ionization process.

A 15.6 Tue 17:00 Tent A
Towards quantum logic spectroscopy of heavy few-electron ions — ∙Peter
Micke1,2,3, Zoran Andelkovic2, and Thomas Stöhlker1,2,3 — 1Helmholtz
Institute Jena — 2GSI Helmholtz Center for Heavy Ion Research, Darmstadt —
3Institute of Optics and Quantum Electronics, Friedrich Schiller University Jena
Heavy highly charged ions (HCI), e.g. hydrogen-like or lithium-like ions, have
forbidden optical transitions in their ground-state hyperfine structure and fea-
ture the strongest electromagnetic fields towhichwe have access in a lab on earth.
Therefore, these optical transitions are excellent probes for tests of fundamental
physics and offer enhanced sensitivities to search for physics beyond the stan-
dard models of particle physics and cosmology. Furthermore, many systematic
shifts of these transitions are highly suppressed, making heavyHCI ideal systems
for the use in novel high-accuracy optical atomic clocks.

Upon recent advances in precision spectroscopy [1] and clock operation [2]
with medium-light HCI of intermediate charge state (40Ar13+), we are setting
up a unique and versatile spectroscopy platform at the HITRAP facility of GSI
which combines the powerful heavy-ion accelerators with quantum logic spec-
troscopy in a cryogenic Paul trap. This will enable frequency metrology of heavy
HCI, such as 207Pb81+ with a clock transition at 1019.7 nm. The state-of-the-art
uncertainty can be improved by many orders of magnitude and unprecedented
tests of atomic, nuclear, and fundamental physics become available.
[1] P. Micke et al., Nature 578, 60–65 (2020), [2] S. A. King et at. Nature 611,
43–47 (2022). — PhD positions available! —

A 15.7 Tue 17:00 Tent A
Isotope shiftmeasurements in a calcium beam clock— ∙Andreas Reuss, An-
ica Hamer, Lukas Möller, David Röser, Frederick Wenger, and Simon
Stellmer— Physikalisches Institut, Universität Bonn
In the quest for finding new physics beyond the standard model, the research on
isotope shifts in atomic transitions is a promising field for finding potential new
interactions between electrons and neutrons, described by a novel force carrier
boson.

Calcium is an excellent candidate for finding such new physics interactions
with spectroscopic methods, due to its large number of stable isotopes and small
nuclear deformations.
In our research we will employ a calcium beam clock using a Ramsey Bordé

spectroscopy scheme, utilizing the S0 − P1 (657nm) and the S0 − D2 (458nm)
clock transitions.

A 15.8 Tue 17:00 Tent A
Multi-Sideband RABBIT in Atoms and Molecules — ∙Divya Bharti1,
Hemkumar Srinivas1, Farshad Shobeiry1, Kathryn Hamilton2, Robert
Moshammer1, Thomas Pfeifer1, Klaus Bartschat3, and Anne Harth1,4

— 1Max-Planck-Institute for Nuclear Physics, Heidelberg, Germany —
2Department of Physics, University of ColoradoDenver, Denver, Colorado, USA
— 3Department of Physics and Astronomy, Drake University, Des Moines, USA
— 4Department of Optics and Mechatronics, Hochschule Aalen, Aalen, Ger-
many
We present findings derived from measuring three-sideband (3-SB) RABBIT
(Reconstruction of Attosecond Beating by Interference of Two-Photon Transi-
tion) in atoms and molecules. RABBIT utilizes an XUV pulse train to induce
ionization, while an IR pulse interacts with the subsequent photoelectrons. In the
3-SB RABBIT setup, interactions with IR photons generate three sidebands posi-
tioned between consecutive harmonics. This configuration allows us to explore
phases resulting from the interference between transitions of different orders in
the continuum. These phases remain independent of any chirps in the harmon-
ics, and we investigate this by comparing RABBIT phases extracted from specific
sideband groups formed by adjacent harmonics. Additionally, we explore cases
where the oscillation in the sidebands involves intermediary resonance states.

A 15.9 Tue 17:00 Tent A
Diffusion of single ultracold atoms in an accelerated optical lattice— ∙Silvia
Hiebel, Daniel Adam, Florian Schall, Sabrina Burgardt, Julian Fess,
and Artur Widera — Department of Physics and Research Center optimas,
University of Kaiserslautern-Landau, Erwin Schrödinger Str. 46, 67663 Kaiser-
slautern, Germany
Diffusion is a transport phenomenon that appears as a fundamental process in
almost all physical systems, ranging from subdiffusion to hyperballistic diffu-
sion, depending on the external parameters. In addition to the properties of the
bath or the diffusing particle, the diffusion in systems subjected to external forces
is critical for understanding transport phenomena in complex systems.

Here, we present a system where we can observe the diffusion dynamics
of single atoms in tilted optical lattices in the underdamped regime. A one-
dimensional optical lattice allows transporting individual cesium atoms with
variable lattice depth, constant velocity or acceleration, and thus force. For ex-
ample, the force exerted on individual atoms can be huge, exceeding standard
gravitation by orders of magnitude. Thereby, very different regimes of diffusion
can be experimentally accessed. We can tune the system’s macroscopic diffusion
coefficient by varying the lattice depth and acceleration while applying optical
molasses onto the atoms as a "bath of light" for the diffusion. Additionally, the
atoms can be transported through a bath of ultracold rubidium atoms. We ob-
serve the interplay of the large Rb-bath and the single Cs-atoms trapped in the
accelerated lattice and report its effective friction.

A 15.10 Tue 17:00 Tent A
Trap-integrated fluorescence detection with silicon photomultipliers for
sympathetic laser cooling in a cryogenic Penning trap — ∙Markus
Wiesinger1, Florian Stuhlman2, Matthew Bohman1, Peter Micke1,3,
Christian Will1, Hüseyin Yildiz2, Fatma Abbass2, Bela Arndt1,4,5, Jack
Devlin3,5, Stefan Erlewein1,5, Markus Fleck5,6, Julia Jäger1,3,5, Bar-
bara Latacz3,5, Daniel Schweitzer2, Gilbertas Umbrazunas5,7, Elise
Wursten3,5, Klaus Blaum1, Yasuyuki Matsuda6, Andreas Mooser1,
Wolfgang Quint4, Anna Soter7, Jochen Walz2,8, Christian Smorra2,5,
and Stefan Ulmer5,9 — 1Max-Planck-Institut für Kernphysik, Heidelberg
— 2Institut für Physik, Johannes Gutenberg-Universität Mainz — 3CERN,
Meyrin, Switzerland — 4GSI Helmholtzzentrum für Schwerionenforschung
GmbH, Darmstadt — 5RIKEN Fundamental Symmetries Laboratory, Japan
— 6Graduate School of Arts and Sciences, University of Tokyo, Japan —
7Eidgenössische Technische Hochschule Zürich, Switzerland — 8Helmholtz-
Institut Mainz — 9Heinrich-Heine-Universität Düsseldorf
We present a fluorescence-detection system for laser-cooled 9Be+ ions based on
silicon photomultipliers (SiPM) operated at 4 K and integrated into our cryo-
genic 1.9 T multi-Penning-trap system. Our approach enables fluorescence de-
tection in a hermetically-sealed cryogenic Penning-trap chamber with limited
optical access, where state-of-the-art detection using a telescope and photomul-
tipliers at room temperature would be extremely difficult. We characterize the
properties of the SiPM in a cryocooler at 4 K, where we measure a dark count
rate below 1/s and a detection efficiency of 2.5(3) %. We further discuss the de-
sign of our cryogenic fluorescence-detection trap, and analyze the performance
of our detection system by fluorescence spectroscopy of 9Be+ ion clouds during
several runs of our sympathetic laser-cooling experiment.
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A 15.11 Tue 17:00 Tent A
Indication of critical scaling in time during the relaxation of an open quan-
tum system — ∙Julian Fess1, Ling-Na Wu2, Jens Nettersheim1, Alexan-
der Schnell3, Sabrina Burgardt1, SilviaHiebel1, Daniel Adam1, André
Eckardt3, and Artur Widera1 — 1Department of Physics, RPTU Kaiser-
slautern, Germany — 2Center for Theoretical Physics and School of Science,
Hainan University, Haikou, China — 3Institut für Theoretische Physik, Tech-
nische Universität Berlin, Germany
Critical scaling occurs in phase transitions corresponding to the singular be-
haviour of physical systems in response to continuous control parameters. Re-
cently, dynamical quantum phase transitions and universal scaling have been
observed in the non-equilibrium dynamics of isolated quantum systems, with
time as the control parameter. However, signatures of such critical phenomena
in time in open systems were so far elusive. Here, we present results indicating
that critical scaling with respect to time can also occur in open quantum systems.
We experimentally measure the relaxation dynamics of the large atomic spin of
individual Caesium atoms induced by the dissipative coupling to an ultracold
Bose gas. For initial states far from equilibrium, the entropy is found to peak
in time, transiently approaching its maximum possible value, before eventually
relaxing to its lower equilibrium value. Moreover, a finite-size scaling analysis
shows that it corresponds to a critical point in the limit of large system sizes. It
is signalled by the divergence of a characteristic length, characterized by critical
exponents that are found to be independent of system details.

A 15.12 Tue 17:00 Tent A
Quantum light in a finite 1-D slab and its effects on high harmonic genera-
tion — ∙Arlans Juan Smokovicz de Lara — Max-Planck-Institut für Physik
komplexer Systeme, Dresden, Deutschland
Since its discovery, high harmonic generation (HHG), as a process non-linear in
the number of photons, has been realized with intense ”classical” light. Recently,
progress has been made towards creating non-classical intense light pulses [1],
which promises new quantum effects in the interaction with matter. We will
present first results of non-classical light, in particular cat states of linearly po-
larized light interactingwith delocalized electrons, realized in a 1-D slab of atoms
[2], investigating the combined effects of the non-classical light and the periodic,
crystal-like, yet finite target.

[1] M. Lewenstein, M. F. Ciappina, E. Pisanty, J. Rivera-Dean, P. Stammer, Th.
Lamprou & P. Tzallas, Nature Physics volume 17,1104 (2021)

[2] Chuan Yu, Ulf Saalmann, Jan M. Rost, Phys. Rev. A 105, L041101 (2022)

A 15.13 Tue 17:00 Tent A
Measuring the environment of a Cs qubit with dynamical decoupling se-
quences — ∙Sabrina Burgardt, Simon Jäger, Julian Fess, Silvia Hiebel,
Imke Schneider, and ArturWidera—Department of Physics and Research
Center OPTIMAS, University of Kaiserslautern-Landau, Kaiserslautern 67663,
Germany
We report the experimental implementation of dynamical decoupling (DD) on
a small, non-interacting ensemble of optically trapped, neutral Cs atoms. We
observe a significant enhancement of the coherence time when employing Carr-
Purcell-Meiboom Gill (CPMG) DD. A CPMG sequence with ten refocusing
pulses increases the coherence time by more than one order of magnitude. In
addition, we make use of the filter function formalism and utilize the CPMG se-
quence tomeasure the background noise floor affecting the qubit coherence. Our
findings point toward noise spectroscopy of engineered atomic baths through
single-atom DD in a system of individual Cs impurities immersed in an ultra-
cold Rb-87 bath.

A 15.14 Tue 17:00 Tent A
How to: Mean-field calculations with long-range interactions — ∙Jan
Alexander Koziol1, Giovanna Morigi2, and Kai Phillip Schmidt1
— 1Department of Physics, Staudtstraße 7, Friedrich-Alexander-Universität
Erlangen-Nürnberg (FAU), Germany — 2Theoretical Physics, Saarland Univer-
sity, Campus E2.6, D-66123 Saarbrücken, Germany
We introduce an approach to set up mean-field calculations for lattice models
with long-range interactions. The basic idea of our method is to perform mean-
field calculations on all possible unit cells up to a given extend. The long-range
interaction is treated without truncation using resummed couplings. One fur-
ther advantage of the method we present is that all phases with ordering vectors
fitting on any of the considered unit cells can be detected within out framework.
We describe in detail the underlying theoretical ideas behind the method, the
technicalities on how to implement the unit cell generation, and several results
we obtained for (hardcore) bosons on the two-dimensional square and triangular
lattice.

A 15.15 Tue 17:00 Tent A
Coincidence experiments on atomic collisions using the TrapREMI. —
∙Medina Cristian1, Schotsch F.1, Zebergs I.1, Augustin S.2, Lindenblatt
H.1, Hoibl L.3, Djendjur D.3, Schroeter C.D.1, Pfeifer T.1, and Mosham-
mer R.1 — 1Max-Planck-Institute for Nuclear Physics, Saupfercheckweg 1,

69117 Heidelberg — 2Paul Scherrer Institut, Forschungsstrasse 111, 5232 Vil-
ligen, Switzerland — 3Department of Physics and Astronomy, Ruprecht-Karls
University , 69120 Heidelberg, Baden-Württemberg, Germany
The reaction dynamics of collisions between atomic argon ions and various
atomic projectiles have been investigated using the TrapREMI [1]. This setup
combines an electrostatic ion beam trap (EIBT) [2,3] with a reactionmicroscope
(REMI) [4]. Fast argon ions (2 keV) are stored in the EIBT in a linear oscillatory
motion while inside the REMI; argon, helium, or neon atomic beams are crossed
with the ion bunch. The resulting reaction products are detected in coincidence
allowing the reconstruction of their 3D momenta. Additionally, with the imple-
mentation of a new ion source that allows higher ion current and an additional
gas jet using different noble gasses, Ar+-Atom collisions were performed. Initial
results showed that mainly singly-charged argon ion captures an electron, i.e.
from the neutral argon beam. Coincidence measurements for all other gasses
are similarly shown.

[1] F. Schotsch, Rev. Sci. Instrum. 92 (2021) [2] D. Zajfman, Phys. Rev. A 55
(1997) [3] M. Lange, Rev. Sci. Instrum. 81 (2010) [4] F. Schotsch, Ph.D. thesis,
Heidelberg (2020).

A 15.16 Tue 17:00 Tent A
Towards Ground State Cooling of a Highly Charged Ion - Beryllium Crystal
at low Secular Frequency — ∙Stepan Kokh, VeraM. Schäfer, Elwin A. Di-
jck, ChristianWarnecke, Lukas F. Storz, José R. Crespo López-Urrutia,
and Thomas Pfeifer—Max-Planck-Institut für Kernphysik, Heidelberg
Spectroscopy of ions and atoms for generalized King Plot analysis is a rapidly
developing field with the potential to identify new physics, such as unknown
particles or forces [1]. Using highly charged ions (HCI) for it gives access to pre-
viously unavailable transitions. For such an analysis, high precision is required,
and suppression of external perturbations is essential. Our superconducting Paul
trap shields external fields by 57 dB, a level comparable to dedicatedmagnetically
shielded rooms [2]. However, the current setup limits our secular frequency due
to the loss of superconductivity at high RF power. Therefore, we operate only in
an intermediate Lamb-Dicke regime. We report on the progress towards ground-
state cooling of sympathetically cooled HCI in the given experimental setup.

[1] Nils-Holger Rehbehn, et al., Phys. Rev. Lett. 131, 161803 (2023) [2] Elwin
A. Dijck, et al., Rev. Sci. Instrum. 94, 083203 (2023)

A 15.17 Tue 17:00 Tent A
Exploring the vibrational series of pure trilobite Rydberg molecules —
∙Richard Blättner, Markus Exner, Max Althön, and Herwig Ott —
RPTU Kaiserslautern-Landau, Kaiserslautern, Deutschland
We report on the observation of two vibrational series of pure trilobite rubidium
Rydberg molecules. These kinds of molecules consist of a Rydberg atom and a
ground state atom. The bindingmechanism is based on the scattering interaction
between the Rydberg electron and the ground state atom. The trilobitemolecules
are created via three-photon photoassociation and lie energetically more than 15
GHz below the atomic 22F state. In agreement with theoretical calculations, we
find an almost perfect harmonic oscillator behavior of six vibrational states. We
show that these states can be used to measure electron-atom scattering lengths
for low energies in order to benchmark current theoretical calculations. The
molecules have extreme properties: their dipole moments are in the range of
kilo-Debye and the electronic wave function is made up of high angular mo-
mentum states with only little admixture from the nearby 22F state. This high-l
character of the trilobite molecules leads to an enlarged lifetime as compared to
the 22F atomic state. Furthermore, our ion pulse spectrometer provides insights
into the decay processes.

A 15.18 Tue 17:00 Tent A
Quantum Phases from Competing Van der Waals and Dipole-Dipole Inter-
actions of Rydberg Atoms — ∙Zeki Zeybek1,2, Rick Mukherjee1, and Pe-
ter Schmelcher1,2 — 1Zentrum für Optische Quantentechnologien, Univer-
sität Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany— 2The Ham-
burg Centre for Ultrafast Imaging, Universität Hamburg, Luruper Chaussee 149,
22761 Hamburg, Germany
Competing short- and long-range interactions represent distinguished ingredi-
ents for the formation of complex quantum many-body phases. Their study is
hard to realize with conventional quantum simulators. In this regard, Rydberg
atoms provide an exception as their excited manifold of states have both density-
density and exchange interactions whose strength and range can vary consider-
ably. Focusing on one-dimensional systems, we leverage the Van der Waals and
dipole-dipole interactions of the Rydberg atoms to obtain the zero-temperature
phase diagram for a uniform chain and a dimer model. For the uniform chain,
we can influence the boundaries between ordered phases and a Luttinger liquid
phase. For the dimerized case, a new type of bond-order-density-wave phase is
identified. This demonstrates the versatility of the Rydberg platform in studying
physics involving short- and long-ranged interactions simultaneously.
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A 15.19 Tue 17:00 Tent A
A High-Resolution Ion Microscope to Spatially Observe Ion-Rydberg Inter-
actions— ∙Jennifer Krauter, Moritz Berngruber, Viraatt Anasuri, Ós-
car Andrey Herrera-Sancho, Ruven Conrad, Raphael Benz, Florian
Meinert, Robert Löw, and Tilman Pfau — 5. Physikalisches Institut, Uni-
versität Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany
We report on our recent studies on ion-Rydberg atom interactions performed
in the ultra-cold quantum regime using a high-resolution ion microscope. This
apparatus provides temporal and spatial imaging of charged particles with a res-
olution of 200 nm.

Ion-Rydberg atom pair-states on the one hand allow for the observation of
collisional dynamics on steep attractive potential energy curves. Avoided cross-
ings with high-l states can cause significant speed up in the dynamics which is
dependent on the individual Landau-Zener probabilities. On the other hand,
the avoided crossings also lead to potential wells that give rise to bound molec-
ular states. These bound states between an ion and a Rydberg atom feature large
bond length, which enable the direct observation of vibrational dynamics. In an
effort to further understand the binding mechanism of the Ion-Rydberg atom
molecule their lifetime is currently under investigation.

A 15.20 Tue 17:00 Tent A
Precise FEM-solution of Dirac equation and the calculation of the electron
bound-g-factor for H+

2 molecular ion. — ∙Ossama Kullie — 1 Theoretical
Physics, Institute of Physics, University of Kassel
A new generation of experiments is under way aiming at performing high-
resolution spectroscopy of molecular hydrogen ions in Penning traps. In some
of these traps, the internal state of the molecule is detected via the spin state,
using electron spin resonance excitation. In order to perform this excitation,
knowledge of the resonance frequency is required. The frequency depends on
the bound-g-factor of the electron in the molecule. We calculate this g-factor by
perturbatively evaluating the Zeeman energy of the electron in a weak magnetic
field. Our FEM-solution of the two-center Dirac equation using 2-spinor min-
max method, is highly accurate and the resulting wave function is used to cal-
culate the electron bound-g-factor for H+

2 molecular ion. We present results for
the two (magnetic) field orientations, parallel and perpendicular to the molecule
orientation (internuclear axis). [1] O. Kullie and S. tchiller, Phys. Rev. A 105,
052801 (2022). [2] O. Kullie, J. of Mol. Struc., submitted (2023). [2] O. Kullie
and S. Schiller, in progress.

A 15.21 Tue 17:00 Tent A
ATOMIQ: A block based, highly flexible and user friendly extension for AR-
TIQ — ∙Christian Hölzl1, Suthep Pomjaksilp2, Thomas Niederprüm2,
and Florian Meinert1 — 15th Institute of Physics, Universität Stuttgart,
Stuttgart, Germany — 2Department of Physics and research center OPTIMAS,
Technische Universität Kaiserslautern, Germany
The demand for fast and reliable experiment control hardware and software
has sharply increased with recent advances in quantum technology. For the
fast cycle times required in atom computing and simulation, highly flexible yet
nanosecond-precise systems are needed. By providing fully open source soft-
ware and hardware the ARTIQ/Sinara ecosystem has propelled itself to a leading
solution for ion and neutral atom based quantum experiments.

However the out of the box software functionality is heavily limited and re-
quiresmajor time commitment from the end user. Our ATOMIQ extension aims
to mitigate this problem by adding a user-friendly abstraction layer, implement-
ing common routines needed for quantum control of neutral atoms. By using
a block-based experiment structure, modularity and drastic reduction of boiler
plate is achieved without compromising the speed of ARTIQ. Combining sim-
ple primitives throughmultiple inheritance patterns to graspable lab devices like
lasers ensures high flexibility and easy extendability. By providing many inter-
faces to lab infrastructure for data management and non-realtime devices it is
also easy to implement ATOMIQ in an already existing system running ARTIQ.

A 15.22 Tue 17:00 Tent A
Towards a StrontiumCircular RydbergAtomQuantumSimulator— ∙Aaron
Götzelmann, ChristianHölzl, Einius Pultinevicius, MoritzWirth, and
FlorianMeinert— 5. Physikalisches Institut, Universität Stuttgart
Ensembles of individually trapped highly excited Rydberg atoms have proven to
be an excellent platform for quantum simulation of many-body systems. We aim
to improve the limited coherence time of state of the art approaches using low-l
Rydberg states by using very long lived high-l circular Rydberg states (CRS). We
will report on the realization of single atom arrays of individual strontium atoms
in an experimental setup which aims to achieve tens of milliseconds lifetimes
for CRSs without cryogenic cooling. Specifically, we prepare the array inside a
capacitor structure made from indium tin oxide (ITO) thin films, designed to
suppress detrimental blackbody decay while providing excellent high-NA opti-
cal access. Starting from the preparation of ground-state cooled defect free atom
arrays, we will present our path to CRSs via rapid adiabatic passage and coherent
microwave coupling between CRSs. With this tool we apply single qubit oper-
ations on next-neighboring CRSs. Finally, we will discuss prospects for optical
control and imaging of CRS exploiting the second valence electron of strontium.

A 15.23 Tue 17:00 Tent A
Study of Rydberg states in ultra cold ytterbium — ∙Alexander Miethke,
Nele Koch, and Axel Görlitz — Institut für Experimentalphysik, Heinrich-
Heine-Universität, Düsseldorf, Deutschland
In recent years Rydberg atoms with their special features, like dipole-dipole in-
teraction or van-der-Waals blockade, have become more and more important
for quantum optics. Particularly ultra cold Rydberg atoms are of great interest
for the investigation of long range interaction.

A special feature of ytterbium is that due to its two valance electrons atoms in
Rydberg states can be easily manipulated and imaged using optical fields. A first
step towards studies of ultra cold ytterbium is to gain precise knowledge on the
Rydberg states.

Here we present the study of the Rydberg states of ultra cold ytterbium. Using
aMicro-Channel-Plate to detect the Rydberg atoms it is possible to measure life-
times and hyperfine structures of several states. In addition we could measure
the energy and polarizability of s, p and d states in the region of high princi-
pal quantum numbers n (n=70-90). Using a second stage trap we are able to
cool the atoms down to several micro K to reduce their distances and investigate
interactions.

A 15.24 Tue 17:00 Tent A
A Dysprosium Dipolar Quantum Qas Microscope — ∙Fiona Hellstern1,
Kevin Ng1, Paul Uerlings1, Jens Hertkorn1, Lucas Lavoine1, Ralf
Klemt1, Tim Langen1,2, and Tilman Pfau1 — 15. Physikalisches Insti-
tut, Universität Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany —
2Atominstitut, TU Wien, Stadionallee 2, 1020 Vienna, Austria
We present the progress of our dipolar quantum gas microscope, which will en-
able single particle and single site resolved detection of Dysprosium atoms.

Our optical setup allows for the integration of both square and triangular lat-
tice geometries (utilizing a wavelength of 360 nm), offering the capability to ob-
serve and manipulate diverse quantum phase transitions such as the (fractional)
mott insulator to supersolid transitions. We present our design of an accordion
lattice, a versatile optical trapping system, for loadingDysprosium atoms into the
optical lattice. Additionally, our method to efficiently transport ultra-cold atoms
from another vacuum chamber into the accordion lattice will be presented.

We will utilise an objective with a high numerical aperture (NA=0.9) and em-
ploy a spin- and energy-resolved super-resolution imaging technique, allowing
us to achieve single-site detection with 180 nm resolution. The close spacing of
the ultraviolet optical lattice significantly amplifies the nearest-neighbor dipo-
lar interactions, reaching approximately 200 Hz (at 10 nK). This places us in the
regime of strongly interacting Bose- and Fermi-Hubbard physics.

A 15.25 Tue 17:00 Tent A
Quantum Simulations: Towards EIT ground-state cooling of single trapped
ions on a surface electrode trap— ∙Apurba Das, Deviprasath Palani, Flo-
rianHasse, OlePikkemaat, FrederikeDörr, LeonGöpfert, UlrichWar-
ring, and Tobias Schaetz — Physikalisches Institut, University of Freiburg,
Hermann-Herder-Str. 3, 79104 Freiburg i. Br.
Tailored trap configurations for individually confined ions, employing both lo-
calized and global control fields, allows us to design and fine-tune intricate quan-
tum systems. Two-photon stimulated Raman transition are typically utilized for
individual state control and the coupling of internal and external degrees of free-
dom within our systems. In forthcoming endeavors, the objective is to incor-
porate ground state cooling via electromagnetically-induced transparency. This
broadband cooling method aims to efficiently cool multiple modes to determin-
istically prepare the system close to its motional ground state. The poster offers
an overview of essential technical advancements, recent progress towards exper-
imental quantum simulations.

A 15.26 Tue 17:00 Tent A
Measurements of the BoundElectron g-factor atALPHATRAP— ∙Matthew
Bohman1, Athulya George1, Fabian Heisse1, Charlotte König1,
JonathanMorgner1, Tim Sailer1, Kunal Singh1, Bingsheng Tu1,2, Klaus
Blaum1, and Sven Sturm1 — 1Max-Planck-Institut für Kernphysik, 69117 Hei-
delberg — 2Institute for Modern Physics, Fudan University, Shanghai 200433
ALPHATRAP [1] is a precision Penning-trap apparatus for high-precision mea-
surements on simple atomic systems. Image current detection enables measure-
ment of the motional frequencies of single particles and, when combined with
the Larmor frequency, we extract fundamental properties such as bound-state
magnetic moments with high precision. Recent measurements of the bound
electron magnetic moment in H-like, Li-like, and B-like tin, for example, tested
quantum electrodynamics (QED) at extremely high fields with sub-ppb accuracy
[2]. Similarly, we developed a technique to measure direct g-factor differences of
co-trapped particles at even higher precision. In a measurement with 20,22Ne9+,
the difference of the two bound electron g-factors was measured to sub-ppt ac-
curacy and set competitive bounds on scalar dark matter candidates [3]. We
recently upgraded the apparatus and are building a new electron beam ion trap
(EBIT) to produce ions at higher charge states, including H-like lead - testing
QED and the Standard Model at even more extreme fields.
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[1] Sturm, S. et al. Eur. Phys. J. Spec. Top. 227, 14251491 (2019).
[2] Morgner, J., Tu, B., König, C.M. et al. Nature 622, 5357 (2023).
[3] Sailer, T., Debierre, V. et al. Nature 606, 479483 (2022).

A 15.27 Tue 17:00 Tent A
Magnetic field stability in our ion trap and the ion as a quantum sensor —
∙Ole Pikkemaat, Apurba Das, Deviprasath Palani, Florian Hasse, Leon
Goepfert, Frederike Doerr, UlrichWarring, and Tobias Schaetz— In-
stitute of Physics, University of Freiburg, Hermann-Herder-Straße 3, D-79104
Freiburg, Germany
Setting up an ion trap includeswell-prepared considerations regarding the choice
of both magnetic field strength and stability [1]. For a chosen qubit in the ions
energy level structure, in general described by the superposition state |Φ⟩ =
c1|0⟩ + c2e

iφ|1⟩, magnetic field fluctuations destroy the well-defined phase re-
lation φ between the energy level states, leading to loss of coherence, i.e. lower
T2 times. We want to archive an equivalent hybrid →B -field setup as in [1] to en-
hance the stability, i.e. to increase T2 times for the 25Mg+ ions we are trapping.
In the hybrid setup, permanent magnets are used to create a magnetic field of
≃ 109G to permit →B -field independent transitions. They replace high-current
coils, intending to reduce the related heat which causes instability of the mag-
netic field. In addition, three small coil pairs in a cartesian setup allow changing
minor deviations and establishing active stabilization. Next to the characteriza-
tion of the magnetic field using ’classical’ sensors, the ion will be exploited as a
quantum sensor to probe the magnetic field directly. Looking forward to future
applications of quantum sensors, turning the ’disadvantage’ of the qubits being
prone to external influences into a feature for excellent sensors. [1] Hakelberg,
F. et al. Sci Rep 8, 4404 (2018)

A 15.28 Tue 17:00 Tent A
QRydDemo - A Rydberg Atom Quantum Computer Demonstrator —
∙Achim Scholz1,2, Philipp Ilzhöfer1,2, Ratnesh Kumar Gupta1,2, Govind
Unnikrishnan1,2, Jiachen Zhao1,2, Sebastian Weber3,2, Hans-Peter
Büchler3,2, Simone Montangero4, Jürgen Stuhler5, Tilman Pfau1,2, and
Florian Meinert1,2 — 15th Inst. of Physics, University of Stuttgart — 2IQST
— 3Inst. for Theoretical Physics III, University of Stuttgart— 4Inst. for Complex
Quantum Systems, University of Ulm — 5TOPTICA Photonics AG
Within the QRydDemo project, our goal is to realize a neutral atom quantum
computer setup using strontium Rydberg atoms trapped in optical tweezers.
For this platform we demonstrate a novel fine-structure qubit, encoded in the
metastable triplet manifold of 88Sr. First measured single-atom Rabi operations
implemented via strong two-photon Raman transitions between the qubit states
pave the road towards fast single-qubit gates. Aiming towards the realization of
high-fidelity two-qubit gates via single-photon Rydberg transitions, we further-
more investigate a triple magic wavelength, for which not only both qubit states
but also the Rydberg state is „magically“ trapped.

Our experimental platform is based on a dynamic, two-dimensional tweezer
array of up to 500 qubits, generated by a setup of 20 AODs to allow shuffling
operations during the qubit coherence time. The atom array is protected by an
electric field control with ITO coated windows. To support the hardware we de-

veloped a compiler backend tailored to our Rydberg platform. With an available
WebUI this allows emulation and future operation of the quantum computer by
public access.

A 15.29 Tue 17:00 Tent A
Acceleration-enhanced Coulomb correlations between free electrons in
a transmission electron microscope beam — ∙Lisa Beimel1,2, Rudolf
Haindl1,2, Sergey V. Yalunin1,2, Armin Feist1,2, and Claus Ropers1,2 —
1Department of Ultrafast Dynamics, Max Planck Institute for Multidisciplinary
Sciences, Göttingen, Germany — 24th Physical Institute, University of Göttin-
gen, Göttingen, Germany
Correlated electrons are at the heart ofmany phenomena in condensedmatter, as
well as atomic and molecular physics. Generally, highly correlated free-electron
states are of interest both from a fundamental perspective and for their potential
in manifold electron beam applications.

For the generation of free electrons, we employ femtosecond-triggered pho-
toemission from a nanoscale Schottky field emitter in an ultrafast transmission
electron microscope [1]. When n electrons are generated by the same laser
pulse at the emitter, their initially weak inter-particle Coulomb repulsion is
acceleration-enhanced to a strong energy exchange of about 2 eV, as confirmed
by trajectory simulations. In our experiment, we measure distinct energy cor-
relations in transverse and longitudinal direction of pair, triple and quadruple
free-electron states [2].

In this contribution, we will present recent results on the study of free-electron
correlations in an electron microscope beam.

[1] A. Feist et al., Ultramicroscopy 176, 63-73 (2017).
[2] R. Haindl et al., Nat. Phys. 19, 1410-1417 (2023).

A 15.30 Tue 17:00 Tent A
Light-induced correlations in cold dysprosium atoms — ∙Marvin Proske,
Ishan Varma, Rhuthwik Sriranga, and PatrickWindpassinger— Institut
für Physik, Johannes-Gutenberg-Universität Mainz
When the average atomic distance in a cloud of ultracold atoms, is below the
wavelength of the scattering light, a direct matter-matter coupling is introduced
by electric and magnetic interactions. This alters the spectral and temporal re-
sponse of the sample, where the atoms cannot be treated as individual emit-
ters anymore. We intend to experimentally study light-matter interactions in
dense dipolar media with largemagnetic moments to explore the impact of mag-
netic dipole-dipole interactions onto the cooperative response of the sample.
With the largest ground-state magnetic moment in the periodic table (10 Bohr-
magneton), dysprosium is the perfect choice for these experiments.

This poster reports on the progess made in generating extremely dense cold
dysprosium clouds. We discuss the measures taken to optically transport the
atoms into a home-built science cell, which serves as a highly accessible plat-
form to manipulate the atomic cloud. The small dimensions of the cell allow
for extremely tight dipole trapping, enabled by a self-designed high NA objec-
tive. Further, we give a perspective on future measurements exploring collective
effects in the generated atom cloud.

A 16: Poster II
Time: Tuesday 17:00–19:00 Location: Tent B

A 16.1 Tue 17:00 Tent B
Orientation dependent ionization yield of molecules — ∙Paul Winter and
Manfred Lein— Leibniz University Hannover
The ionization rate and thus the yield is a central property in strong field ion-
ization of molecules. The ionization rate of a diatomic molecule depends on the
relative angle between the electric field and the molecular axis at the moment of
ionization.

In simulations it is possible to obtain the orientation dependent quasistatic
ionization rate by solving the time-dependent Schrödinger Equation (TDSE)
with a static electric field for different molecular orientations and analyzing the
emerging steady state. In a typical strong-field experiment, however, finite laser
pulses are used and the electron yield is measured for a whole pulse, which raises
the question whether the quasistatic rates can be accurately measured. Linearly
polarized pulses mix the ionization of two opposite directions, thus they cannot
reproduce the quasistatic rate. On the other hand, we show that also circularly
polarized fields can lead to qualitatively wrong results.

To solve this problem, we propose using two-color ω-2ω fields with either lin-
ear or bicircular polarization. To this end, two-dimensional TDSE solutions for
HeH+ are compared for several different field configurations.

A 16.2 Tue 17:00 Tent B
In-trap laser-ablation ion-source for precision magnetic moment measure-
ments — ∙Ute Beutel1,2, Stefan Dickopf1, Annabelle Kaiser1, Ankush
Kaushik1, Marius Müller1, Stefan Ulmer3,4, Andreas Mooser1, and
Klaus Blaum1 — 1Max-Planck-Institut für Kernphysik, Heidelberg, Germany
— 2Ruprecht-Karls-Universität, Heidelberg, Germany — 3Institut für Experi-
mentalphysik, Heinrich-Heine-Universität, Düsseldorf, Germany — 4RIKEN,
Wako, Japan
High-precisionmeasurements ofmagnetic-moments in Penning traps have been
performed to great success for various different systems. For example, measure-
ments of the bound-electron д-factor could be used to determine the electron
mass [1] and comparisons of the proton and antiproton magnetic moments set
bounds on CPT violations [2].

At our experiment, we have performed measurements of the ground-state
Zeeman and hyperfine splitting of 3He+ for the determination of the helionmag-
netic moment [3]. The equivalent measurement on 9Be3+ was recently enabled
by in-trap laser-ablation. Future measurements on various ions and isotopes re-
quire a more versatile in-trap laser-ablation ion-source which is currently being
developed. The recent status and ongoing progress will be presented.

[1] S. Sturm et al., Nature 506, 467 (2014)
[2] C. Smorra et al., Nature, Vol 550, 371 (2017)
[3] A. Schneider et al., Nature 606, 878-883 (2022)
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A 16.3 Tue 17:00 Tent B
Towards large-area 256-pixel MMC arrays for high resolution X-ray spec-
troscopy — ∙A. Abeln, S. Allgeier, D. Hengstler, D. Kreuzberger, D.
Mazibrada, L. Münch, A. Orlow, A. Reifenberger, A. Stoll, A. Fleis-
chmann, L. Gastaldo, and C. Enss — Kirchhoff-Institute for Physics, Im
Neuenheimer Feld 227, 69120 Heidelberg, Germany
Metallic Magnetic Calorimeters (MMCs) are energy-dispersive cryogenic parti-
cle detectors. Operated at temperatures below 50mK, they provide very good
energy resolution, high quantum efficiency as well as high linearity over a large
energy range. In many precision experiments in X-ray spectroscopy the pho-
ton flux is small, thus a large active detection area is desirable. Therefore, we
develop arrays with increasing number of pixels. For a cost-effective read-out
of a growing number of detector channels we investigate different multiplexing
techniques.
In this contributionwe present a detector setup comprising a novel dense-packed
16 × 16 pixel MMC array. The pixels provide a total active area of 4mm × 4mm
and are equipped with 5 μm thick absorbers made of gold. This ensures a stop-
ping power of at least 50% for photon energies up to 20 keV. The expected en-
ergy resolution is ΔE = 1.4 eV (FWHM) at an operating temperature of 20mK.
Furthermore the detector setup features 16 in-house made SQUID chips each
with 2 × 4 flux-ramp modulated dc-SQUIDs which enables us to read out 128
detector channels with 32 read-out channels. We present design considerations
and discuss the detector performance.

A 16.4 Tue 17:00 Tent B
Production of C4+ in an EBIS for collinear laser spectroscopy — ∙Emily
Burbach1, Phillip Imgram2, KristianKönig1, BernhardMaass1, Patrick
Müller1, and Wilfried Nörtershäuser1 — 1Institut für Kernphysik, TU
Darmstadt, Germany — 2Instituut voor Kern- en Stralingsfysica, KU Leuven,
Belgium
The Collinear Apparatus for Laser Spectroscopy and Applied Science (COALA)
at the Technical University of Darmstadt was used to measure the 1s2s 3S1 →
1s2p 3PJ 227nm transitions of C4+ to improve ab-initio atomic structure calcu-
lations [1]. To obtain an ion beam suitable for laser spectroscopy, production
of Cn+ in an electron beam ion source (EBIS) was tested with the gases propane
(C3H8), methane (CH4) and carbon dioxide (CO2).
We present results from collinear laser spectroscopy with differently produced

continuous and pulsed C4+ ion beams. Wienfilter analyses facilitate understand-
ing the ion production processes for different gas compounds.

This project is supported by DFG (Project-ID 279384907 - SFB 1245).
[1] P. Imgram et al., accepted in Phys. Rev. Lett. (2023)

A 16.5 Tue 17:00 Tent B
Further commissioning and upgrades of the ARTEMIS experiment at HI-
TRAP for high-precision g-factor measurements with highly charged ions
— ∙Bianca Reich1,2, Arya Krishnan1,3, Johannes Krempel-Hesse1,4, K
Kanika1, Jeffrey Klimes1, Kwaish Anjum1,5, Patrick Baus1,3, Gerhard
Birkl1,3, Manuel Vogel1, and Wolfgang Quint1,2 — 1GSI Helmholtzzen-
trum für Schwerionenforschung GmbH, Darmstadt, DE — 2University of Hei-
delberg, DE— 3Technical University ofDarmstadt, DE— 4University of Gießen,
DE — 5University of Jena, DE
The ARTEMIS experiment [Quint et al., Phys. Rev. A 78 032517 (2008)] at GSI
aims to measure the g-factor of the electron bound in heavy highly charged ions.
Laser-microwave double-resonance spectroscopy is performed on such ions cap-
tured and stored inside a dedicated Penning trap [M.Wiesel et al., Rev. Sci. Inst.
88 123101 (2017)]. First commissioning has demonstrated successful in-trap ion
production, storage, selection and cooling [Kanika et al., J. Phys. B 56 175001
(2023)]. For access to heavy few-electron ions, ARTEMIS is connected to theHI-
TRAP facility via a beamline that features dedicated ion optics, non-destructive
ion detectors, and a cryogenic fast-opening valve [Klimes et al., Rev. Sci. In-
strum. 94 113202 (2023)] which keeps the extreme vacuum of the trap stable
while allowing access for ions and laser light. This beamline is constantly being
upgraded towards efficient and well-controlled ion injection. We present the sta-
tus and design updates of this beamline and discuss new spectroscopy candidate
ions such as boron-like sulfur S11+ .

A 16.6 Tue 17:00 Tent B
An upgraded XUV and soft X-ray split-and-delay unit for FLASH1 —
∙Matthias Dreimann, Michael Wöstmann, and Helmut Zacharias —
Center for Soft Nanoscience, Universität Münster, Germany
A split-and-delay unit (SDU) is upgraded that enables time-resolved pump-
probe experiments at FLASH1. With the original design first experiments were
performed in 2007 and the SDU was permanently incorporated in the BL2 at
FLASH1 in 2010. The planned delay range of this device is -1 ps < Δt < +10 ps
with a subfemtosecond temporal delay. The upgrade will increase the spectral
range of the SDU from h = 30 eV up to h = 750 eV. Two different coatings are
required achieve a high transmission in this spectral range. Therefore, a design
that is based on a three dimensional beam path allows choosing the propagation
via two sets of mirrors with these coatings. A C coating will allow a total trans-
mission on the order of T > 0.74 for photon energies between h * 30 eV and h
= 200 eV at a grazing angle of θ = 3.0∘ in the variable beam path. A Ni coating
can be used to cover a range up to h = 750 eV at a transmission of T > 0.08.

A 17: Poster III
Time: Tuesday 17:00–19:00 Location: Tent C

A 17.1 Tue 17:00 Tent C
Towards a precision measurement of the XUV-clock transition in highly
charged lead — ∙Antonia Schaffert, Marc Botz, Dominic Hache, Moto
Togawa, José R. Crespo López-Urrutia, and Thomas Pfeifer — Max-
Planck-Institut für Kernphysik, Heidelberg
Highly charged ions provide electronic transitions in all wavelengths, well suited
for next-generation atomic clocks. In order to find stable clocks, metastable
states at higher photon energies are needed. Recently, such a metastable elec-
tronic state has been found in highly charged, Nb-like lead usingmass spectrom-
etry in a Penning-trap [1]. Given its short wavelength, it must be examined with
XUV frequency combs. Such an experiment would greatly benefit from further
improvements in the precision of its known transition wavelength. We there-
fore present complementary measurements by measuring decay pathways of the
metastable state, which is mostly deexcited to a short-lived state before relaxing
to the ground state. These transitions and other adjacent transitions have been
identified and accurately determined using an Electron Beam Ion Trap equipped
with a high-resolution VUV Grating Spectrometer.
[1] Kathrin Kromer, et al., physics.atom-ph 2310.19365 (2023)

A 17.2 Tue 17:00 Tent C
Symmetry based gate design — ∙Kaloyan Zlatanov and Nikolay Vitanov
— Department of Physics, St. Kliment Ohridski University of Sofia, 5 James
Bourchier Boulevard, 1164 Sofia, Bulgaria
One of the main goals of contemporary quantum information is to design faster
and more robust gates. We explore a Hamiltonian based approach to tackle this
problem in which we design an interaction that yields a specific symmetry that
allows the reduction of the system to two and three-level sub-systems in which
various control techniques like adiabatic excitation, composite pulses or shaped
pulses can be implemented. We illustrate this approach with examples in mag-
netic systems with Dzyaloshinskii-Moriya interaction as well as in ions for the
improvment of the Molmer-Sorensen gate.

A 17.3 Tue 17:00 Tent C
Enhancement of Zeptonewton Force Detection with a Single-Ion Nonlin-
ear Oscillator — ∙Bo Deng1, Moritz Göb1, Benjamin A. Stickler2,3, Max
Masuhr1,4, Daqing Wang1,4, and Kilian Singer1 — 1Institute of Physics,
University of Kassel, Heinrich-Plett-Straße 40, 34132 Kassel, Germany —
2Institute forComplexQuantumSystems, UlmUniversity, Albert-Einstein-Allee
11, 89069 Ulm, Germany — 3Faculty of Physics, University of Duisburg-Essen,
Lotharstraße 1, 47057 Duisburg, Germany— 4Institute of Applied Physics, Uni-
versity of Bonn, Wegelerstraße 8, 53115 Bonn, Germany
Here we present an anharmonic oscillator implemented with a single atomic ion
confined in a funnel-shaped potential [1]. The trapped particle experiences a
coupling of radial and axial degrees of freedom that introduces nonlinearity to
our system. The bifurcation and hysteresis of the resultingDuffing-type response
are characterized. We further demonstrate an axial displacement force detection
of ∼2.4 zN with a 20-fold enhancement using vibrational resonance effect [2].
The ability to conduct non-resonant low-frequency broadband sensing bears rel-
evance for many fundamental physics studies.

[1] J. Roßnagel, S. T. Dawkins, K. N. Tolazzi, O. Abah, E. Lutz, F. Schmidt-
Kaler, and K. Singer, A single-atom heat engine, Science 352, 325 (2016).

[2] B.Deng,M.Göb, B. A. Stickler,M.Masuhr, K. Singer, andD.Wang, Ampli-
fying a zeptonewton forcewith a single-ion nonlinear oscillator, PRL 131, 153601
(2023).

A 17.4 Tue 17:00 Tent C
Towards Quantum Simulations with Strontium Atoms — Thies
Plassmann1,2, Meny Menashes1, ∙Leon Schäfer1, and Guillaume
Salomon1,2 — 1Institute for Quantum Physics, Hamburg University, Luruper
Chaussee 149, 22761 Hamburg — 2The Hamburg Center for Ultrafast Imaging,
Hamburg University, Luruper Chaussee 149, 22761 Hamburg
Cold atom platforms with single particle/spin detection and control offer fas-
cinating opportunities for emerging quantum technologies. Among quantum
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simulators trapped atoms in programmable optical tweezer arrays and excited to
Rydberg states are nearly ideal systems to study quantum spin models and opens
interesting perspectives for quantum computation. Yet, simulating fermions on
such systems remains a long-standing goal and the study of three-dimensional
problems on arbitrary lattice structures is still to be explored. A complemen-
tary platform for quantum simulation is a quantum gas microscope where large
atomic clouds are trapped in optical lattices. Whereas quantum statistics and
itinerant models are natively implemented in these experiments, the current lack
of programmability and long cycle time are limiting their capabilities. Our vi-
sion to overcome these challenges in quantum simulation is to combine atom
manipulation using optical tweezers with quantum gas microscopy on a unique
quantum simulation platform. We report here on the development of such novel
quantum simulator operating with strontium with which we aim to study topo-
logical phases in three-dimensional frustrated spin systems as well as the SU(N)
Fermi-Hubbard model.

A 17.5 Tue 17:00 Tent C
Optimal time-dependent manipulation of Bose-Einstein condensates —
∙Timothé Estrampes1,2, Alexander Herbst1, Annie Pichery1,2, Gabriel
Müller1, Dennis Schlippert1, Ernst M. Rasel1, Éric Charron2, and
NaceurGaaloul1 — 1LeibnizUniversityHannover, Institut für Quantenoptik,
Germany — 2Université Paris-Saclay, CNRS, Institut des Sciences Moléculaires
d’Orsay, France
Quantum sensing experiments benefit from fast Bose-Einstein Condensate
(BEC) generation with small expansion energies. Here, we theoretically find the
optimal BEC collimation parameters with painted optical potentials to experi-
mentally achieve 2D expansion energies of 438(77) pK taking advantage of the
tunable interactions by driving Feshbach resonances and engineering the col-
lective oscillations. Based on these findings and corresponding simulations, we
propose a scenario to realize 3D expansion energies on ground below 16 pK, go-
ing beyond the experimental state of the art in microgravity [A. Herbst et al.,
arXiv:2310.04383 (2023)].

Furthermore, we report on current theoretical studies of the dynamics of
space single- and dual-BEC experiments including applications in NASA’s Cold
Atom Lab aboard the International Space Station or the sounding rocket mission
MAIUS-2, paving the way for next-generation quantum sensing experiments,
including tests of fundamental physics such as Einstein’s equivalence principle.

This work is supported by the "ADI 2022" project funded by the IDEX Paris-
Saclay, ANR-1-IDEX-0003-02 and the DLR with funds provided by the BMWi
under Grant No. CAL-II 50WM2245A/B.

A 17.6 Tue 17:00 Tent C
Spectroscopy laser setup for isotope shift measurement of highly charged
xenon — ∙Ruben B. Henninger, Vera M. Schäfer, Elwin A. Dijck, Chris-
tian Warnecke, Stepan Kokh, Lukas F. Storz, Andrea Graf, Thomas
Pfieifer, and JoséR. Crespo López-Urrutia—Max Planck Institut für Kern-
physik, Heidelberg
Exploring the potential existence of a fifth force acting between electrons and
neutrons, our research focuses on utilizing transitions in highly charged ions
(HCI) as sensitive sensors for such forces. Xenon, with its numerous isotopes,
emerges as a promising candidate for this investigation. To achieve the preci-
sion required to identify new physics narrow-linewidth lasers in the sub-Hertz
regime are essential. This poster introduces a spectroscopy laser setup, which
will be implemented in the CryPTEx-SC (Cryogenic Paul Trap Experiment - su-
perconducting) experiment to probe these transitions using quantum logic spec-
troscopy. The system comprises a 1550 nm fibre laser that is locked to a 10 cm
ULE reference cavity, along with two tuneable diode lasers that are locked to the
fibre laser through a frequency comb. To enable probing times of order seconds,
phase-noise cancellation is implemented for several optical fibres.

A 17.7 Tue 17:00 Tent C
Classifying single-shot diffraction images utilizing machine learning —
∙Hendrik Tackenberg, Paul Tuemmler, Christian Peltz, and Thomas
Fennel — Institute for Physics, University of Rostock, Albert-Einstein-Str. 23-
24, D-18059 Rostock, Germany
Single-shot coherent diffractive imaging (CDI) at X-ray free-electron lasers
(FELs) has evolved into a well-established method for the structural character-
ization of unsupported nano-objects with targets ranging from superfluid he-
lium droplets to large biomolecules. Expanding the corresponding experimental
setup by additional excitation options, such as short pulse lasers, opens up new
routes to study structural dynamics on the femtosecond time and nanometer
spatial scale. However, in most scenarios, the dynamics of interest significantly
depend on parameters varying on a shot-to-shot basis, such as the objects’ ori-
entations, sizes, or positions in the FEL focus. A rigorous quantitative analysis,
therefore, critically depends on the evaluation of a sufficiently large data set to
sample the relevant parameter space. Recording millions of scattering images
in a single experiment is not unusual nowadays and calls for advanced analysis
strategies like model-based forward fitting and automated data set classification.
Here, we present a machine-learning-based classification approach that we

successfully applied to characterize a recent experiment studying the strong-field
induced anisotropic nanoplasma expansion of laser-driven SiO2 nanospheres at
the European XFEL.

A 17.8 Tue 17:00 Tent C
Emulating Rydberg Quantum Computers — ∙Santiago Higuera-
Quintero1, Sebastian Weber1, Katharina Brechtelsbauer1, Nicolai
Lang1, Tilman Pfau2, Florian Meinert2, and Hans Peter Büchler1 —
1Institute for Theoretical Physics III and IQST, University of Stuttgart, 70550
Stuttgart, Germany— 25th Institute of Physics and IQST, University of Stuttgart,
70550 Stuttgart, Germany
Modelling noise processes in noisy intermediate-scale quantum (NISQ) devices
plays an important role in designing hardware and algorithms in the journey for
scalable quantum computers. In this era, classical emulators of quantum sys-
tems can help to better understand typical errors in quantum information pro-
cessing which arise from coupling to the environment and experimental limi-
tations. Furthermore, it can be used to test error correction schemes towards
fault-tolerant quantum computation. In this poster, we present the current state
of our gate-based emulator of the Rydberg quantum computer of the QRydDemo
project. We provide an overview of our online platform that provides users the
opportunity to try out the emulator and get familiar with QRydDemo’s native
gate operations.

A 17.9 Tue 17:00 Tent C
Laser spectroscopy on sympathetically cooled Th3+ alpha-recoil ions —
∙Gregor Zitzer1, Johannes Tiedau1, Maksim Okhapkin1, Ke Zhang1,
Christoph Mokry2,3, Jörg Runke2,4, and Christoph E. Düllmann2,3,4 —
1Physikalisch-Technische Bundesanstalt, Braunschweig — 2Johannes Guten-
berg University Mainz, Mainz — 3Helmholtz Institute Mainz, Mainz — 4GSI
Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt
The isotope thorium-229 has a first excited state at only about 8 eVwhich enables
excitation by coherent laser radiation. This unique property promises advantages
for future versions of optical clocks. The presented setup is dedicated for high-
resolution hyperfine spectroscopy of electronic transitions of nuclear ground and
isomeric states in 229Th3+. Here, the actual status and results of sympathetically
cooled Th3+ ions are demonstrated in an experiment where 229Th and 230Th are
extracted fromuranium recoil ion sources and cotrappedwith laser-cooled 88Sr+
ions. The absolute frequencies and isotope shifts of the 5F5/2 → 6D5/2 transition
at 690 nm and the 5F7/2 → 6D5/2 transition at 984 nmof 230Th3+ are investigated.

A 17.10 Tue 17:00 Tent C
Modeling controlled sub-wavelength plasma formation in dielectrics —
∙Jonas Apportin, Christian Peltz, Björn Kruse, Benjamin Liewehr, and
Thomas Fennel— Institute for Physics, Rostock, Germany
Laser induced damage in dielectrics due to short pulse excitation plays a major
role in a variety of scientific and industrial applications, such as the preparation
of 3D structured evanescently coupled wave-guides [1] or nano-gratings [2]. The
corresponding irreversible material modifications predominantly originate from
higher order nonlinearities like strong field ionization and plasma formation,
which makes their consistent description imperative for any kind of theoretical
modelling aiming at improving user control over these modifications. In par-
ticular the associated feedback effects on the field propagation can have drastic
implications.

We developed and utilized a numerical model, that combines a local descrip-
tion of the plasma dynamics in terms of corresponding rate equations for ioniza-
tion, collisions and heating with a fully electromagnetic field propagation via the
Finite-Difference-Time-Domainmethod, adding self-consistent feedback effects
like the sudden buildup of plasmamirrors. Here we present recent numerical re-
sults regarding the creation and control of sub-wavelength gratings formed at the
rear side of pure and gold-coated fused silica films.

[1] L. Englert et al, Opt. Express 15, 17855-17862 (2007)
[2] M. Alameer et al, Opt. Lett. 43, 5757-5760 (2018)

A 17.11 Tue 17:00 Tent C
Towards laser spectroscopy of molecular hydrogen ions in Alphatrap —
∙K. Singh1, A. Kulangara Thottungal George1, C. M. König1, I. V.
Kortunov2, J. Morgner1, T. Sailer1, V. Vogt2, M. Bohman1, F. Heisse1,
B. Tu1, K. Blaum1, S. Schiller2, and S. Sturm1 — 1Max-Planck-Institut für
Kernphysik, 69117 Heidelberg — 2Institut für Experimentalphysik, Universität
Düsseldorf, 40225 Düsseldorf
Optical spectroscopy on trapped molecular hydrogen ions (MHI), e.g. HD+ and
H+

2 , is one of the most sensitive techniques to probe fundamental physics and to
extract fundamental constant such as mp/me , perform tests on Quantum Elec-
trodynamics and look for beyond standard model physics [1].
At Alphatrap [2], we can trap single ions for months in our cryogenic Penning
trap. Using sensitive image current detection method and the continuous Stern-
Gerlach effect [3], we have recently performed millimeter-wave spectroscopy on
the molecular hyperfine structure of HD+ and we plan to perform optical spec-
troscopy of the rovibrational structure in HD+ and H+

2 . The techniques devel-
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oped here are suitable to be directly applied to the antihydrogen molecular ion
H̄−

2 in the future for stringent CPT tests [4]. We will present an overview of the
trap and future plans for the laser spectroscopy of MHI at Alphatrap.
[1] S. Schiller, Contemporary Physics 63 (4), 247-279 (2022)
[2] S. Sturm et al., Eur. Phys. J. Spec. Top. 227, 1425-1491 (2019)
[3] H. Dehmelt, Proc. Natl. Acad. Sci. USA 83, 2291 (1986)
[4] E. Myers, Phys. Rev. A 98, 010101(R) (2018)

A 17.12 Tue 17:00 Tent C
Emergence of Synchronisation in a Driven-Dissipative Hot Rydberg Vapour
— ∙Karen Wadenpfuhl1,2 and C. Stuart Adams1 — 1Joint Quantum Cen-
tre (JQC) Durham-Newcastle, Department of Physics, Durham University,
Durham, DH1 3LE, United Kingdom — 2Physikalisches Institut, Universität
Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Germany
Continuously driven, non-linear systems show interesting behaviours such as
bistability and self-oscillations. An interesting question regards the interplay of
many self-oscillating entities with coupled dynamics due to an interaction be-
tween the individual oscillators. A collective response of a self-oscillating en-
semble has been observed in e.g. the applause of audiences, and is theoretically
understood within the framework of synchronisation.

Recently, we have observed the emergence of synchronisation in a driven-
dissipative hot Rydberg vapour [1]. Synchronisation occurs in a strongly-driven
three-level ladder scheme in Rb where we couple the intermediate 5P3/2 state to
a Rydberg state. The synchronised state manifests as oscillations of the transmis-
sion of the probe beam through the atomic vapour. The wide tunability of the
system parameters as well as fast oscillation frequencies on the order of 10 kHz
allow for an exploration of the synchonisation transition over a large parameter

space and with many ciooupled oscillators.
[1] K. Wadenpfuhl and C. S. Adams, Emergence of Synchronization in a

Driven-Dissipative Hot Rydberg Vapor, PRL 131, 143002 (2023)

A 17.13 Tue 17:00 Tent C
Ab initio MCDHF calculations of transition rates and energy levels of Lr
I — ∙Joseph Andrews1, Jon Grumer2, Per Jönsson3, Jacek Bieroń4, and
Stephan Fritzsche1,5,6 — 1Friedrich-Schiller-Universität, Jena, Germany —
2Uppsala universitet, Uppsala, Sweden — 3Malmö universitet, Malmö, Sweden
— 4Uniwersytet Jagielloński, Krakow, Poland— 5Helmholtz-Institut, Jena, Ger-
many — 6GSI, Darmstadt, Germany
Lawrencium (Z=103), is the heaviest actinide and heaviest element prior to the
superheavy region, residing at the forefront of atomic and nuclear physics re-
search. However few experimental results exist for it and theoretical results dif-
fer from each other [Phys. Rev. A 104, 052810 (2021), Eur. Phys. J. D 45, 107
(2007)]. To assist their search, experimentalists require precise calculations of
transitions with a high Einstein coefficient A. Calculations were initially per-
formed on its lighter homologue Lutetium where experimental results exist to
determine the predictive accuracy of our model. Energy levels, transition rates
and Landé g-factors of Lr I and Lu I are investigated using the multiconfigu-
rational Dirac-Hartree-Fock (MCDHF) method. Results of both neutral atoms
are presented and compared to previous calculations and experiments. Previous
calculations of Lr with MCDHF may be considered unreliable due to the small
number of correlation orbitals being used, thus it is unclear whether convergence
was reached. We report more reliable values than previous MCDHF calcula-
tions of the energy levels and Landé g-factors of the 7s28s 1S0, 7s

27p 2P1/2,3/2,
7s27d 2D3/2,5/2 levels and the corresponding transition rates.

A 18: Attosecond Physics II / Interaction with VUV and X-ray Light (joint session A/MO)
Time: Wednesday 11:00–13:00 Location: HS 1010

Invited Talk A 18.1 Wed 11:00 HS 1010
Attosecond photoionization dynamics in CO2 using coincidence spec-
troscopy — ∙Ioannis Makos1, David Busto1,2, Dominik Ertel1, Jakub
Benda3, Barbara Merzuk11, Fabio Frassetto4, Luca Poletto4,
Claus Dieter Schröter5, Thomas Pfeifer5, Zdeněk Mašín3, Serguei
Patchkovskii6, and Giuseppe Sansone1 — 1Albert-Ludwigs-Universität
Freiburg, Germany— 2LundUniversity, Sweden— 3Charles University, Prague,
Czech Republic — 4IFN-CNR, Padova, Italy — 5MPIK, Heidelberg, Germany
— 6MBI, Berlin, Germany
Attosecond photoelectron interferometry is used to investigate molecular
dynamics upon photoionization, revealing electron correlation effects and
electron-nuclear motions interplay. Combining two-color interferometric
methods with photoelectron-photoion coincidence spectroscopy enables angle-
resolved studies in the recoil frame, providing insights into molecular potential
anisotropy. In our study, we investigate carbon dioxide photoionization dynam-
ics using attosecond coincidence spectroscopy. Absorption of an extreme ultra-
violet photon, provided by an attosecond pulse train, leads to a superposition of
cationic states, coupled to the photoelectron wave packet. Additional infrared
photon absorption or emission forms a two-color photoelectron spectrogram.
Our work presents CO2 photoionization time delays, considering the impact
of field-induced coupling of ionization channels. Furthermore, we show time-
resolved photoelectron angular distributions in the recoil frame by measuring
ejected electrons in coincidence with O+ dissociation fragments.

A 18.2 Wed 11:30 HS 1010
Investigation of Correlated Electronic Dynamics by Nonlinear Attosec-
ond Spectroscopy — ∙Samuel Kellerer1, Ioannis Makos1, Dominik
Schomas1, David Busto2, Dominik Ertel1, Robert Moshammer3, Claus
Dieter Schröter3, Thomas Pfeifer3, Arjun Nayak4, Debobrata Rajak4,
Naveed Ahmed4, Sourin Mukhopadhyay4, Tamás Csizmadia4, Balázs
Nagyillés4, Zsolt Divéki4, Katalin Varjú4, Jörn Adamczewski-Musch5,
Fabio Frassetto6, Luca Poletto6, Paraskevas Tzallas7, Dimitris
Charalambidis7, and Giuseppe Sansone1 — 1Uni Freiburg — 2Uni Lund
— 3MPIK Heidelberg — 4ELI ALPS Szeged — 5GSI Darmstadt — 6CNR-IFN
Padova — 7IESL-FORTH Hellas
The investigation of ultrafast processes like electronic dynamics in small quan-
tum systems demands for generation and control of laser pulses with dura-
tions comparable or even shorter than the timescale of the investigated pro-
cesses. Combining an attosecond source and a photoelectron/photoion coinci-
dence spectrometer offers the possibility to investigate in detail the photoioniza-
tion process, returning information on the role played by electronic correlation
in multiple ionization of atoms. Despite its conceptual simplicity, the study of
the two-photon double-ionization process in helium presents formidable exper-
imental challenges, which we plan to address using the intense attosecond pulses
provided by the SYLOS laser system available at ELI ALPS. We will present the

attosecond beamline and the photoelectron/photoion apparatus used as an end-
station for coincidence spectroscopy as well as first results.

A 18.3 Wed 11:45 HS 1010
Extracting relative dipole moments from a laser-driven two-electron wave
packet in heliumby combining attosecond streaking and transient absorption
spectroscopy — ∙Shuyuan Hu, Yu He, Gergana D. Borisova, Maximilian
Hartmann, PaulBirk, ChristianOtt, and ThomasPfeifer—Max-Planck-
Institut für Kernphysik, 69117 Heidelberg
The electronic structure of atoms and their interaction with light is reflected in
complex-valued transition-matrix elements that have a magnitude and phase.
In this work, a state-resolved phase of the time-delay dependent modulation of
absorption is used to determine the relative signs of transition dipole matrix ele-
ments. This measurement relies on precise absolute calibration of the time-delay
information, which is achieved by combining attosecond transient absorption
and attosecond streaking spectroscopy to simultaneously measure the resonant
photoabsorption spectra of laser-coupled doubly excited states in helium, to-
gether with the streaked photoelectron spectra. The streaking measurement re-
veals the absolute time delay zero and the full temporal profile of the interacting
electric fields which is then used for a time-dependent few-level simulation of
the relevant states. By comparing the 1-fs time-scale modulations across the
2s2p (1P) and sp2,3+ (1P) states between the time-delay calibrated simulation
andmeasurement, we quantify the signs of the transition dipole matrix elements
for the laser-coupled autoionizing states 2s2p-2p2 and 2p2-sp2,3+ to be opposite
of each other.

A 18.4 Wed 12:00 HS 1010
Driving the high harmonic process using a multi-pass cell — ∙Benjamin
Steiner1, DominikErtel1, DennisGroschupf1, Anne-LiseViotti2, Mario
Niebuhr1, Barbara Merzuk1, David Busto1,2, Ioannis Makos1, and
Giuseppe Sansone1 — 1Institute of Physics, University of Freiburg, Freiburg,
Germany — 2Division of Atomic Physics, Lund University, Sweden
The investigation of electronic-correlation driven processes, such as the Auger
decay in krypton [1] or single-photon double-ionisation in helium [2], requires
photon energies of 100 eV or higher. Using electron-electron-ion coincidence
and attosecond pulses in the XUV spectral range obtained by high-order har-
monic generation (HHG), these processes can be resolved in time in a pump-
probe scheme. The first challenge is to demonstrate an attosecond source oper-
ating at high repetition rates (>50kHz) characterised by a cut-off energy well
above 100 eV. For this purpose, we developed a temporal pulse compression
scheme based on a gas-filled multi-pass cell for high-power throughput driven
by a commercially available Yb-based laser system. The achieved pulses lead to
high enough peak intensities for driving the HHG process in neon efficiently,
maintaining a sufficient photon flux in the desired energy range. The generated
attosecond XUV pulses will then be employed in the already existing attosec-
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ond coincidence spectrometer in Freiburg [3] for time-resolved investigations
of electron dynamics occurring during the above-mentioned processes.

[1] M. Drescher et al, Nature, 419 (2002) [2] C. Ott et al, Nature, 516 (2014)
[3] D. Ertel et al, Rev. Sci. Instrum. 94, 073001(2023)

A 18.5 Wed 12:15 HS 1010
Polarization dependence of high-order harmonic generation in the di-
rect measurement of optical waveforms — ∙Ronak Narendra Shah1, Ja-
hanzeb Muhammad1, Ianina Kosse1, Samuel Bengtsson2, Riccardo
Mori1, Mario Niebuhr1, Fabio Frassetto3, Luca Poletto3, and Giuseppe
Sansone1 — 1Physikalisches Institut, Albert-Ludwigs Universitaet Freiburg,
Freiburg, 79104, Germany— 2Department of Physics, Lund University, PO Box
118, SE-221 00 Lund, Sweden — 3Istituto di Fotonica e Nanotecnologie, CNR,
Padova, Italy
We present the polarization effects in an all-optical technique to measure the
electric field of a few cycle laser pulse via high harmonic generation (HHG). In
our approach, the generation of an isolated attosecond pulse (IAP) and the as-
sociated photon yield serves as an ultrashort temporal gate to characterize the
electric field of a weak perturbing unknown pulse. Changing the polarization of
the unknown laser pulse from parallel to orthogonal polarization with respect
to the pulse generating IAP, we report the modulation in the harmonic yield at
twice the laser period. The experimental results are in good agreement with sim-
ulations based on the strong-field approximations.

A 18.6 Wed 12:30 HS 1010
Towards AI-enhanced online-characterization of ultrashort X-ray free-
electron laser pulses — ∙Thorsten Otto1,2,4, Kristina Dingel2, Lars
Funke3, Sara Savio3, Lasse Wülfing3, Bernhard Sick2, Wolfram
Helml3, and Markus Ilchen4 — 1Deutsches Elektronen-Synchrotron DESY,
Notkestraße 85, 22607 Hamburg, Germany — 2Intelligent Embedded Sys-
tems, University of Kassel, Wilhelmshöher Allee 73, 34121 Kassel, Germany —
3TechnischeUniversität Dortmund, Fakultät für Physik,Maria-Göppert-Mayer-
Straße, 44227Dortmund, Germany— 4Universität Hamburg, Institut für Exper-
imentalphysik, Luruper Chaussee 149 22761 Hamburg
X-ray free-electron lasers provide ultrashort X-ray pulses with durations typ-

ically in the order of femtoseconds, but recently even entering the attosecond
regime. The technological evolution of XFELs towards well-controllable light
sources for precise metrology of ultrafast processes can only be achieved us-
ing new diagnostic capabilities for characterizing X-ray pulses at the attosec-
ond frontier. The spectroscopic technique of photoelectron angular streaking
has successfully proven how to non-destructively retrieve the exact time-energy
structure of XFEL pulses on a single-shot basis. By using deep learning algo-
rithms, we show how this technique can be leveraged from its proof-of-principle
stage towards routine diagnostics at XFELs providing precise feedback in real
time.

A 18.7 Wed 12:45 HS 1010
Angular Streaking at 1030 nm – measurement of gigawatt-power attosecond
pulses at European XFEL — ∙Lars Funke1, Sara Savio1, Lasse Wülfing1,
NiclasWieland1, KristinaDingel4, TorstenOtto2, RudaHindriksson4,
LutzMarder4, ChristopherPassow2, RebeccaBoll3, AlbertoDe Fanis3,
Simon Dold3, Tommaso Mazza3, Dirk Raiser3, Michael Meyer3, Ter-
ence Mullins3, Markus Ilchen5, and Wolfram Helml1 — 1Technische
Universität Dortmund, Germany— 2Deutsches Elektronen-Synchrotron DESY,
Hamburg, Germany — 3European XFEL GmbH, Schenefeld, Germany —
4Universität Kassel, Germany — 5Universität Hamburg, Germany
Angular Streaking can be used as a method for characterizing ultrashort X-ray
pulses by overlapping the pulse with a circularly polarized IR laser pulse in a
gaseous target. Photoelectron momenta are shifted in a characteristic way for a
given spectro-temporal X-ray pulse structure. Measuring the photoelectron en-
ergy spectra with multiple time-of-flight spectrometers allows the reconstruc-
tion of pulse structure.

A Cookiebox-type photoelectron spectrometer array was set up at the SQS in-
strument of European XFEL to characterize specially tuned sub-femtosecond
soft X-ray FEL pulses.

In themeasurement, we found intense attosecond X-ray pulses, with pulse du-
rations on the order of 300 as and a peak power in the hundreds of gigawatts. The
lower-than-planned streaking laser wavelength of 1030 nm turned out beneficial
for characterizing the ultrashort pulses provided.

A 19: Precision Spectroscopy of Atoms and Ions II (joint session A/Q)
Time: Wednesday 11:00–13:00 Location: HS 1098

A 19.1 Wed 11:00 HS 1098
An ultra stable dc voltage source for ion trap experiments — ∙Dina-C.
Rensink1, PeterMicke2,5, MarkusWiesinger2, ChristianWill2, Hüseyin
Yildiz1, Christian Smorra1,4, Jochen Walz1,3, and Stefan Ulmer6,4 —
1Johannes Gutenberg-Universität Mainz — 2Max-Planck-Institut für Kern-
physik, Heidelberg — 3Helmholtz-Institut Mainz — 4RIKEN, Wako, Japan —
5Helmholtz-Institut Jena — 6Heinrich-Heine-Universität Düsseldorf
Highly stable voltages are crucial for precision ion traps. We are developing
and characterizing a suitable voltage source for the BASE (Baryon-Antibaryon
Symmetry Experiment) collaboration at CERN, which operates several Penning
traps. These precision traps are used to perform test of the fundamental symme-
try (CPT) between matter and antimatter with (anti-)protons, for instance via
comparison of the g-factors. The determination of these quantities requires sev-
eral frequency measurements whose precision can be limited by the stability of
the voltages which bias the trap electrodes.

For this purpose, one ultra-stable LTZ1000 voltage reference and five 20 bit
DACs have been combined into a programmable 5-channel voltage source. This
scalable setup aims at long-term stability, low temperature drift, μV resolution
over a ± 10 V range, and an output current of up to 20 mA per channel. Prior
tests with a 2-channel prototype indicate a fractional stability of < 5 ⋅ 10−8 at τ
= 102...103 s (at 7 V). The status of the project will be presented and the perfor-
mance of the voltage source will be discussed.

A 19.2 Wed 11:15 HS 1098
Atomic level search in lawrencium — ∙Elisabeth Rickert for the
Lawrencium-Collaboration — GSI Helmholtzzentrum für Schwerionen-
forschung, 64291 Darmstadt, Germany — Johannes Gutenberg-Universität
Mainz, 55128 Mainz,Germany — Helmholtz-Institut Mainz, 55128 Mainz, Ger-
many
The study of the electronic shell structure of the heaviest elements is a chal-
lenging endeavour. A strong influence of relativistic effects, electron-electron
correlations, and QED effects, challenge the prediction of the atomic structure.
The experimental investigation of elements beyond Z=100 is further compli-
cated by their limited availability and short half-lives as well as their experimen-
tally unknown atomic level structure. Recent laser spectroscopy on nobelium
(Z=102) in single-atom-at-a-time quantities with the RAdiation Detection Res-
onance Ionization Spectroscopy (RADRIS) technique opened the path towards

laser spectroscopy experiments of yet heavier elements. For the heaviest actinide,
lawrencium (Z=103), two ground-state transitions to the 2S1/2 state at around
20420 cm−1 and to the 2D3/2 state at around 28500 cm−1, are predicted. In 2020
and 2022, over 1000 cm−1 around the predicted tranisition wavenumbers have
been scanned to search for these transitions. In the talk, the current status of the
experiment and the data analysis will be presented.

A 19.3 Wed 11:30 HS 1098
Nuclear Deformation Effects of Highly Charged Ions — ∙Zewen Sun, Igor
A. Valuev, and Natalia S. Oreshkina — Max Planck Institute for Nuclear
Physics, Heidelberg, Germany
Nuclear shape effects are theoretically investigated in terms of corrections to the
electronic binding and transition energies and g factors. The corrections are
numerically calculated for the widest possible range of nuclei, consisting over
1100 different samples. By solving the Dirac equation with deformed and non-
deformed nuclear shapes, i.e. Fermi and deformed Fermi nuclear charge distri-
butions, we separate the deformation effect in binding energies and wavefunc-
tions. The model parameters for the two charge distributions are determined
from experimental data. In addition, the importance of deformation effects for
the process of searching for new physics is examined.

A 19.4 Wed 11:45 HS 1098
Towards a direct high-precision measurement of the nuclear magnetic mo-
ment of3He2+ with 1ppb accuracy. — ∙Ankush Kaushik1, Stefan Dickopf1,
MariusMüller1, Annabelle Kaiser1, Ute Beutel1, StefanUlmer2,3, An-
dreas Mooser1, and Klaus Blaum1 — 1Max-Planck-Institut für Kernphysik,
Heidelberg, Germany — 2RIKEN, Wako, Japan — 3HHU Düsseldorf, Germany
Accurate magnetic field measurements are of apparent importance in the field of
fundamental physics [1]. However, the accuracy of the current standard in mag-
netometry, water NMR probes, is limited by the complex molecular structure.
With a direct parts-per-billion measurement of the nuclear magnetic moment
of 3He2+ in a Penning trap, we aim to overcome this limitation and establish
hyperpolarised 3He probes as the new standard. To this end, spin flips of a sin-
gle nucleon, indicated by miniature frequency changes, need to be detected over
background of frequency fluctuations. Since the latter fluctuations are directly
proportional to the motional energy, preparing particles at micro eV energies
is essential [2]. To address this constraint we designed a new type of Penning

60



Atomic Physics Division (A) Wednesday

trap that enables fast energy measurements while simultaneously allowing the
efficient preparation of particles at the required energies. As such, the new trap
will be a key element for a successful measurement. Its design and expected per-
formance will be presented.
[1] Mooser et al., J. Phys.: Conf. Ser. 1138 012004 (2018)
[2] Ulmer et al., Physical Review Letters, 106(25) 253001 (2011)

A 19.5 Wed 12:00 HS 1098
Characterization of an XUV Frequency Comb by Spectroscopy of Rydberg
States — ∙Lennart Guth, Jan-Hendrik Oelmann, Tobias Heldt, Nick
Lackmann, Janko Nauta, Thomas Pfeifer, and José R. Crespo López-
Urrutia—Max-Planck-Institut für Kernphysik, Heidelberg, Germany
We aim to exploit ultra-narrow transitions in highly charged ions (HCIs) for
novel frequency standards and fundamental physics studies. Due to the strong
binding of electrons to the nucleus, these transitions are in the extreme ultravi-
olet (XUV), where narrow-bandwidth laser sources are not commercially avail-
able. Therefore, we have built an XUV frequency comb that transfers the coher-
ence of a near-infrared (NIR) comb to the XUV by high harmonic generation
(HHG) [1]. To achieve the required intensity (Ipeak > 1013 W/cm2) for HHG,
we amplify an NIR comb to 80W in a chirped pulse fiber amplifier and reso-
nantly overlap them in a passive femtosecond enhancement cavity. Our system
generates harmonics up to 40 eV and with μW of power each.

We will give an overview of the current status of our experiment and discuss
our plans for resonance-enhanced two-photon ionization to resolve the XUX-
comb structure. In our spectroscopy approach, we excite argon with one photon
from a referenced comb tooth of the 13th harmonic, followed by ionization with
a narrow-bandwidth NIR cw-laser. We record the momentum of the released
electrons using the velocity map imaging technique to ensure the correct Ryd-
berg state. [1]J. Nauta et al., Opt. Lett. 45, 2156-2159 (2020)

A 19.6 Wed 12:15 HS 1098
A Cryogenic Paul Trap Experiment for Laser Spectroscopy of the 229mTh Nu-
clear Clock Isomer — ∙Kevin Scharl1, Georg Holthoff1, Mahmood I.
Hussain1, Markus Wiesinger1, Daniel Moritz1, Lilli Löbell1, Tamila
Rozibakieva1, Sandro Kraemer1,2, Benedict Seiferle1, Shiqian Ding3,
Florian Zacherl1, and Peter G. Thirolf1 — 1LMU Munich — 2KU Leu-
ven, Belgium — 3Tsinghua University, Beijing, China
229Th plays a unique role in the nuclear landscape because of its low-lying iso-
meric first excited state at 8.338±0.024 eV, thus accessible viamodernVUV-laser
systems. A nuclear clock based on the thorium isomer holds promise not only
to push the limits of high-precision time keeping, but also to contribute to dark
matter and other fundamental physics research as a novel type of quantum sen-
sor.

The cryogenic Paul trap experiment currently operated at the LMUMunich is
primarily designed for long ion storage times, which allows to measure the still
unknown ionic lifetime of the isomer. This quantity is expected to be several
thousands of seconds and is essential for the realization of a nuclear frequency
standard. In a second step, the setup will be a platform for VUV spectroscopy of
the isomer, paving the way towards a first nuclear clock prototype.

In this talk, the building blocks of the experimental setup for trapping and
sympathetic laser cooling of 229Th3+ by 88Sr+ are presented and the status of
first preparatory measurements is discussed.

This work was supported by the European Research Council (ERC) (Grant
agreement No. 856415) and BaCaTec (7-2019-2).

A 19.7 Wed 12:30 HS 1098
Tests of QED with hydrogenlike helium and tin ions and high-precision
theory of the bound-electron д-factor — ∙Bastian Sikora, Vladimir A.
Yerokhin, Zoltan Harman, and Christoph H. Keitel — Max Planck In-
stitute for Nuclear Physics, Heidelberg, Germany
The д-factor of electrons bound in hydrogenlike ions can bemeasured and calcu-
lated with high accuracy. In recent collaborations, the experimental and theoret-
ical д-factors of the bound electron in hydrogenlike 3He+ and 118Sn49+ ions were
found to be in excellent agreement [1,2]. We present the theory of the bound-
electron д-factor of hydrogenlike ions, as well as the status of two-loop QED
calculations aimed to improve the uncertainty of theoretical bound-electron д-
factors in the high-Z regime [3]. Such calculations will enable improved tests of
QED in planned experiments in the near future and are relevant for the determi-
nation of fundamental constants such as the electron mass or the fine-structure
constant α as well as searches for physics beyond the standard model.

[1] A. Schneider, B. Sikora, S. Dickopf, et al., Nature 606, 878 (2022)
[2] J. Morgner, B. Tu, C. M. König, et al., Nature 622, 53 (2023)
[3] B. Sikora, V. A. Yerokhin, N. S. Oreshkina, et al., Phys. Rev. Research 2,

012002(R) (2020)

A 19.8 Wed 12:45 HS 1098
Ionization potential evaluation by Rydberg analysis in iron with reso-
nance ionization spectroscopy— ∙ThorbenNiemeyer1, SebastianBerndt1,
Christoph E. Düllmann1,2,3, Tom Kieck2,3, Jung-Bog Kim4, Nina Kneip5,
Dominik Studer1, and Klaus Wendt1 — 1Johannes-Gutenberg-Universität,
Mainz — 2GSI Zentrum für Schwerionenforschung, Darmstadt — 3Helmholtz-
Institut, Mainz — 4Korea National University of Education, Cheongju —
5Leibniz Universität, Hannover
The energetic position of high-lying Rydberg levels and their convergence limit,
defining the ionization potential (IP), are characteristic properties for every el-
ement and give insights into its specific atomic structure. As a well suited tech-
nique, Resonance Ionisation Mass Spectrometry was applied to develop a new
two-step ionization scheme in the atomic spectrum of iron using ti:sa lasers, in-
volving frequency doubling and trippling. Literature data is complemented by
numerous newly found even parity Rydberg levels. The IP, obtained through
the Rydberg-Ritz formalism, is in perfect agreement with the literature value,
which was obtained by three-step resonance ionization with similar precision.
This confirms the independence of the IP from parity. A number of Rydberg
series above the IP converging to higher-lying continua of the Fe ion were mea-
sured and analysed.

The set of data provides the basis for applying RIMS to the EU PrimA-LTD
project, for which radioactive Fe-55 ions are implanted into metallic magnetic
microcalorimeters for precision studies on the electron-capture decay of this iso-
tope.

A 20: Fermionic Quantum Gases I (joint session Q/A)
Time: Wednesday 11:00–13:00 Location: HS 1199
See Q 28 for details of this session.

A 21: Interaction with Strong or Short Laser Pulses II (joint session A/MO)
Time: Wednesday 14:30–16:30 Location: HS 1010

A 21.1 Wed 14:30 HS 1010
Focal volume reduction in pulsed standing waves for xenonmultiphoton ion-
ization — ∙Tobias Heldt, Jan-Hendrik Oelmann, Lennart Guth, Nick
Lackmann, LukasMatt, Fiona Sieber, JankoNauta, Thomas Pfeifer, and
José R. Crespo López-Urrutia — Max-Planck-Institut für Kernphysik, Hei-
delberg, Germany
To study the highly nonlinear light-matter interaction of multiphoton or tunnel
ionization, intense light fields are needed. We use a femtosecond enhancement
cavity to fulfill this requirement by reaching intensities of > 1013 W/cm2, even at
the high 100MHz repetition rate of a near-infrared frequency comb. The bow-
tie cavity supports counter-propagating pulses, leading to a pulsed standingwave
when two pulses overlap in the focus. There, we have integrated a gas nozzle and
a velocity-map imaging (VMI) spectrometer to study the angular distribution of
the emitted photoelectrons [1].

The joint focus of the counter-propagating pulses leads to a doubling of the

maximum intensity. In addition, the ionization region along the beam propaga-
tion is also reduced because it no longer depends on the Rayleigh length but on
the< 200 fs overlap of the pulses. Our experimental data show that this reduction
of the focal volume renders the electrostatic focusing in the VMI technique un-
necessary. Furthermore, the standing wave influences the emitted electrons over
the structured ponderomotive potential, leading to the Kapitza-Dirac effect.
[1] J.-H. Oelmann et al., Rev. Sci. Instrum., 93(12), 123303 (2022).

A 21.2 Wed 14:45 HS 1010
Controlling ionization with chirped circularly-polarized laser pulses —
∙Ulf Saalmann — Max-Planck-Institut für Physik komplexer Systeme, Dres-
den/Germany
We show that controlling two-photon ionization with a chirp, originally pre-
dicted for linearly-polarized pulses [X], applies to circular polarization as well.
In this case the underlying mechanism is particular transparent in the rotating
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frame. Experimental demonstration of this mechanism for the Helium atom has
been achieved at fermi by the Freiburg group and is presented elsewhere.
[X] Saalmann & Giri & Rost, Phys. Rev. Lett. 121 (2018) 153203.

A 21.3 Wed 15:00 HS 1010
Coulomb-correlated multi-electron states generated by femtosecond laser-
triggered nanotip photoemission — ∙Rudolf Haindl1,2, Armin Feist1,2,
Till Domröse1,2, Marcel Möller1,2, John H. Gaida1,2, Sergey V.
Yalunin1,2, and Claus Ropers1,2 — 1Department of Ultrafast Dyamics, Max
Planck Institute for Multidisciplinary Sciences, Göttingen, Germany — 24th
Physical Institute, University of Göttingen, Göttingen, Germany
Correlations between electrons are at the core of numerous phenomena in
atomic, molecular, and solid-state systems. For free particles, detecting inter-
particle correlations remains challenging, as ensemble-averaged detection typi-
cally conceals few-body effects.

A powerful approach to induce strong electron-electron correlations is spatio-
temporally confined photoemission from field emitters employed in ultrafast
electron microscopes. When n electrons are generated by the same laser pulse
at the emitter, their initially meV-scale inter-particle Coulomb repulsion is
acceleration-enhanced in a static electric field to an energy exchange of about
2 eV, as confirmed by trajectory simulations.

In our experiment, we measure distinct energy correlations of pair, triple and
quadruple free-electron states in transverse and longitudinal direction [1]. Fur-
thermore, we demonstrate control over the magnitude of Coulomb correlations
and discuss how they can facilitate non-Poissonian electron pulse statistics with
applications in free-electron quantum optics.
[1] R. Haindl et al., Nat. Phys. 19, 1410-1417 (2023).

A 21.4 Wed 15:15 HS 1010
Strong-field Electron Emission of metal Nanotips with optical Single-Cycle
Pulses— ∙AnneHerzig, Lennart Seiffert, and Thomas Fennel—Univer-
sity of Rostock, Institute of physics, Albert-Einstein-Straße 23, 18059 Rostock
Exposing nanostructures to strong fields enables the emission of energetic elec-
trons via near-field driven elastic backscattering [1]. The availability of intense
single cycle or sub-single cycle waveforms [2, 3] enables to explore the forma-
tion and propagation of attosecond electron pulses in previously inaccessible
regimes of the strong-field interaction. Recent experimental studies [4] have
shown promising results on analyzing the short backscattering electron signal.
In this talk, the electron emission from tungsten nanotips under intense single-
cycle pulses is inspected theoretically via one-dimensional single-active TDSE
simulations. The calculated carrier-envelope phase-dependent photoelectron
energy spectra reveal prominent signatures with pronounced differences to pre-
vious studies performed withmany-cycle pulses [5]. The physical origins behind
the observed spectral features are disentangled by extending the famous Simple
Man’s Model of strong-field physics.

[1] M. F. Ciappina et al., Rep. Prog. Phys. 80, 054401 (2017)
[2] A. Wirth et al., Science 334, 195 (2011)
[3] M. T. Hassan et al., Nature 530, 66 (2016)
[4] H. Y. Kim et al., Nature 613, 7945 (2023)
[5] L. Seiffert et al., J. Phys. B 51, 134001 (2018)

A 21.5 Wed 15:30 HS 1010
Observing Laser-Induced Plasma Dynamics by Time-Resolved Coherent-
Diffractive-Imaging — ∙Tom Böttcher, Richard Altenkirch, Christian
Peltz, Thomas Fennel, Franziska Fennel, and Stefan Lochbrunner —
University of Rostock, Institute of Physics, Albert-Einstein-Str. 23, 18059 Ros-
tock
Resolving the excitation and relaxation dynamics of laser-induced solid state
plasmas is crucial for a fundamental understanding of the response of condensed
matter targets to intense laser radiation. Knowledge about the influence of laser
parameters like the spatial, temporal and spectral pulse structure on the plasma
dynamics is essential for taylored laser machining applications. We present a
method for observing the plasma dynamics in laser-excited thin gold foils using
single-shot pump-probe coherent diffractive imaging. By employing a phase re-
trieval algorithm, we can reconstruct the 2D-spatial and time resolved complex
transmission from recorded diffraction patterns. Our targets are 30 nm thick,
free-standing gold foils that are excited by a focused femtosecond (fs)-800 nm
pump pulse and subsequently imaged by a low intensity fs-400 nm pulse. The
plasma dynamics aremonitored on a time scale from 50 fs to 2 ns giving access to

the ultrafast excitation (fs-ps regime) as well as the melting and ablation (ps-ns
regime) dynamics.

A 21.6 Wed 15:45 HS 1010
Extreme-UV microscopy at ultimate spatial and temporal scales — ∙Sergey
Zayko1, Hung-Tzu Chang1, Ofer Kfir2, Murat Sivis1, and Claus Ropers1
— 1Department of Ultrafast Dynamics, Max-Planck-Institute for Multidisci-
plinary Sciences, 37077 Göttingen, Germany — 2School of Electrical Engineer-
ing, Faculty of Engineering, Tel Aviv University, 69978Tel Aviv, Israel
Future developments in logic and storage devices heavily rely on versatile re-
search tools operating at the relevant spatio-temporal scales. In applied re-
search fields such as spintronics and strongly correlated electronic materials,
these extend into previously unreachable femtosecond-nanometer regimes [1].
In this work, we demonstrate an experimental advance towards such capabil-
ities with femtosecond element-specific, spin-sensitive microscopy at ultimate
spatio-temporal scales, achieving simultaneous 18 nm spatial and 35 fs temporal
resolution. This allows for a close examination of ultrafast phenomena in real
space, providing, deeper insights into the puzzles surrounding ultrafast spin dy-
namics in the presence of nanoscale magnetic domains [2]. By optimizing the
experimental conditions for static imaging, we demonstrate real-space resolu-
tions of 13.5 nm and 12.5 nm for spin and charge scattering, using probe wave-
lengths close to the m-edges of Co and Ni, respectively. These results from our
compact high-harmonic basedmicroscope establish a set of new benchmarks for
photon-based imaging techniques.

[1] Zayko et al., Nat. Commun. 12, 6337 (2021)
[2] Koopmans et al., Nat. Materials 9, 259-265 (2010)

A 21.7 Wed 16:00 HS 1010
Tracing attosecond electron emission from a nanometric metal tip —
∙Lennart Seiffert1, PhilipDienstbier2, Timo Paschen2, Andreas Liehl3,
Alfred Leitenstorfer3, Thomas Fennel1,4, and Peter Hommelhoff2 —
1University of Rostock — 2University of Konstanz — 3Friedrich-Alexander-
Universität Erlangen-Nürnberg — 4Max Born Institute Berlin
Solids exposed to intense electric fields release electrons through tunnelling. This
fundamental quantum process lies at the heart of various applications such as
petahertz vacuum electronics where electron wavepackets undergoe semiclassi-
cal dynamics in an intense laser field, similar to strong-field physics in the gas
phase. Recently, we measured the subcycle-dynamics at solids, inclunding the
duration of the emission time window [1] and the temporal width of the rec-
olliding wavepacket [2]. Here I present how the suboptical-cycle strong-field
emission dynamics from a metallic nanotip is uncovered via two-colour mod-
ulation spectroscopy [1,3], where energy spectra of emitted photoelectrons are
measured as function of the relative phase between the colors. Projecting the
solution of the time-dependent Schrödinger equation onto classical trajectories
relates phase-dependent signatures in the spectra to the emission dynamics and
yields an emission duration of 710 ± 30 attoseconds.

[1] P. Dienstbier et al., Nature 616, 702-706 (2023)
[2] H. Y. Kim et al., Nature 613, 662-666 (2023)
[3] L. Seiffert et al., J. Phys. B 51, 134001 (2018)

A 21.8 Wed 16:15 HS 1010
Axially Polarized Photoelectrons in Strong-Field Ionization— ∙Pei-Lun He,
Zhao-Han Zhang, Karen Z. Hatsagortsyan, and Christoph H. Keitel
— Max-Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117 Heidelberg,
Germany
The spin effects in strong-field ionization induced by a linearly polarized laser
field are investigated, demonstrating that the photoelectrons exhibit axial po-
larization relative to the laser polarization axis typically. While the total po-
larization vanishes upon averaging over the photoelectron momentum, signif-
icant momentum-resolved spin polarization is found. The polarization origi-
nates from the spin-orbit coupling in the bound state, establishing a correlation
between the orbital angular momentum and the spin of the valence shell elec-
tron. Consequently, the correlation extends to the spin and the initial transverse
velocity of the photoelectron at the tunnel exit. The electron trajectories are thus
spin-dependent and are scattered into different directions upon recollisions, re-
sulting in the entanglement of the angular distribution with the electron spin.
Furthermore, the interference between direct and rescattered electrons leads to
the feasibility of spin-polarized electron holography, offering structural informa-
tion about the atom.
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A 22: Highly Charged Ions and their Applications I
Time: Wednesday 14:30–16:30 Location: HS 1098

A 22.1 Wed 14:30 HS 1098
Quantum-logic based search techniques for highly forbidden transitions
in highly charged ions — ∙Shuying Chen1, Lukas J. Spiess1, Alexander
Wilzewski1, Malte Wehrheim1, Kai Dietze1, Ivan Vybornyi2, Klemens
Hammerer2, José R. Crespo López-Urrutia3, and Piet O. Schmidt1,4
— 1QUEST Institute for Experimental Quantum Metrology, Physikalisch-
Technische Bundesanstalt, Braunschweig, Germany — 2Institute of Theoretical
Physics, Leibniz Universität Hannover, Hannover, Germany — 3Max-Planck-
Institut für Kernphysik, Heidelberg, Germany — 4Institut für Quantenoptik,
Leibniz Universität Hannover, Hannover, Germany
Optical clocks are the most precise measurement devices, finding application
in frequency metrology and fundamental physics. Highly charged ions (HCI)
are promising candidates as a reference in optical clocks. To establish a next-
generation HCI optical clock at the state-of-the-art precision, an HCI possessing
a sub-Hz natural linewidth transition is required. Numerous candidate systems
have been explored theoretically but experimental challenges remain due to the
considerable uncertainty of the transition frequencies. In this work, we perform
experimental and theoretical analysis of search techniques based on a two-ion
crystal system confined within a linear Paul trap, with the goal of identifying
ultra-narrow transitions in HCI. These techniques include Rabi excitation, the
optical dipole force (ODF), and linear continuous sweeping (LCS).

A 22.2 Wed 14:45 HS 1098
Towards optical spectroscopy of highly charged californium ions in prepara-
tion for a Cf15+/17+ ion clock— ∙Lakshmi Priya Kozhiparambil Sajith1,4,
Nils Holger Rehbehn2, Michael Karl Rosner2, Kostas Georgiou3,
Leo Prokhorov3, Aaron Smith3, Luis Hellmich4, Ullrich Schwanke4,
Giovanni Barontini3, José Ramon Crespo López-Urrutia2, and Steven
Worm1,4 — 1Deutsches Elektronen Synchrotron (DESY), Platanenallee 6, 15738
Zeuthen , Germany — 2Max Planck Institut für Kernphysik, Saupfercheckweg
1, Heidelberg, Germany — 3School of Physics and Astronomy, University of
Birmingham, Edgbaston Park Rd, Birmingham B15 2TT, United Kingdom —
4Humbolt Universität zu Berlin, Unter den Linden 6, 10117 Berlin , Germany
Highly charged Cf ions are a very good candidate for investigating possible vari-
ations in fundamental constants owing to its high sensitivity coefficient, in par-
ticular, of the fine structure constant. For the construction of a Cf15+ or Cf17+
optical clock, Cf atoms, ablated from a source with a laser, are fed into an elec-
tron beam ion trap (EBIT) where highly charged Cf ions are produced, which are
then transported through a beam line where they are bunched and pre-cooled
and finally trapped in a Coulomb crystal of Ca ions in a cryogenic Paul trap. For
the determination of the clock transition for the highly charged Cf ion clock,
optical spectroscopy will be performed in an electron beam ion trap. The exper-
imental set-up, including the complexities of the injection of californium atoms,
and some preliminary results will be presented.

A 22.3 Wed 15:00 HS 1098
Resistive cooling of ions’ center-of-momentum energy in a Penning trap on
milli-second time scales — ∙Markus Kiffer1, Stefan Ringleb1, Manuel
Vogel3, and Thomas Stöhlker1,2,3 — 1Friedrich Schiller-Universität Jena,
07743 Jena, Germany— 2Helmholtz-Institut Jena, 07743 Jena, Germany— 3GSI
Helmholtzzentrum für Schwerionenforschung, 64291 Darmstadt, Germany
Resistive cooling is a well-established technique to cool the axial motion of ions
in a Penning trap. It is especially efficient for large ensembles as the cooling rate
scales linearly with the number of ions. Such a fast rate is necessary to quickly
create a dense ion cloud for laser experiments at the HILITE experiment. How-
ever, this fast rate is only expected for the collective motion of the ion cloud,
which decays quickly due to trap anharmonicities.

In our setup the ion bunches are produced by a dedicated ion source and
trapped directly in a harmonic potential. This means the ions have a signifi-
cant collective motion and are immediately in resonance with the cooling cir-
cuit, which allows the promptmeasurement after trapping. We presentmeasured
cooling curves of the collective cloud motion for a controlled ion number and
verify that the measured rate is proportional to the number of trapped ions. Us-
ing an effective energy model wemodel the measured curve and extract both the
resistive cooling rate and the dephasing rate. Currently, we trap several thousand
Ne8+ ions, which results in a collective cooling time on the order of 10ms.

A 22.4 Wed 15:15 HS 1098
Laser spectroscopy of hydrogen-like 208Bi82+ — ∙Rodolfo Sánchez for the
LIBELLE-Collaboration — GSI Helmholtzzentrum für Schwerionenforschung
GmbH, Darmstadt, Germany
We report the first successful measurement of the 1s hyperfine splitting of the
high-Z radioactive ion 208Bi82+ . The experiment was performed at GSI, the fa-
cility for heavy ion research, where these exotic ions were produced in flight and
stored in the experimental storage ring (ESR) at a velocity of 72% of the speed of

light. At this speed, the Doppler shift transforms the visible laser light into the
far ultraviolet range required to drive the hyperfine-transition in 208Bi82+ .

The observation of this hyperfine line is a very important step towards the
determination of the so-called "specific difference", a weighted difference be-
tween the hyperfine transition energies in hydrogen-like and lithium-like ions
that eliminates uncertainties due to the nuclear magnetic moment distribution
[1]. At this point, only the specific difference provides the means to test QED in
the strongestmagnetic fields available in the laboratory and has been determined
so far exclusively for the stable isotope 209Bi [2,3].
[1] V. M. Shabaev, et al., Phys. Rev. Lett. 86, 3959 (2001).
[2] J. Ullmann, et al., Nature Comm. 8, 15484 (2017).
[3] L. V. Skripnikov, et al. Phys. Rev. Lett. 120, 093001 (2018).

A 22.5 Wed 15:30 HS 1098
S-EBIT II, first commissioning results — ∙Tino Morgenroth1,2,3, Sonja
Bernitt1,2,3, Rex Simon1,2,3, Sergiy Trotsenko2, Reinhold Schuch1,4, and
Thomas Stöhlker1,2,3 — 1Helmholtz Institute Jena, 07743 Jena, Germany —
2GSI Helmholtzzentrum für Schwerionenforschung GmbH, 64291 Darmstadt,
Germany — 3IOQ, Friedrich-Schiller-University Jena, 07743 Jena, Germany —
4Department of Physics, Stockholm University, 106 91 Stockholm, Sweden
The demand for beamtime at GSI facilities like ESR, CRYRING or HITRAP has
increased over the last years and can not be fully covered by the GSI accelerator
infrastructure. Local ion sources play an important role in closing this gap and
allowing for *offline operation* of experiments at GSI.

Electron Beam Ion Traps (EBITs) are widely known as a versatile tool for spec-
troscopic studies of partially ionized atomic systems. Furthermore, they can
be used as small stand-alone ion sources, capable of producing beams of heavy
highly-charged ions of a certain charge state at reasonable intensities.

The S-EBIT II is currently under commissioning for operation as a facility for
x-ray spectroscopy and as a standalone ion source for HITRAP. This will provide
new opportunities for local experiments independently from the GSI accelera-
tor infrastructure. Examples are the ARTEMIS experiment and the upcoming
cryogenic paul trap for quantum logic spectroscopy. As a first step towards com-
pleting commissioning, we carried out DR measurements with argon.

A 22.6 Wed 15:45 HS 1098
Precision spectroscopy of highly charged ions in the ARTEMIS Penning
trap for electron g-factor measurements at HITRAP — ∙Arya Krishnan1,2,
BiancaReich1,3, JohannesKrempel-Hesse4, KanikaKanika1,3, JeffreyW.
Klimes1, Khwaish K. Anjum1,5, Patrick Baus2, Gerhard Birkl2, Manuel
Vogel1, and Wolfgang Quint1,3 — 1GSI Helmholtzzentrum für Schwerio-
nenforschung, Germany — 2Technical University of Darmstadt, Germany —
3University of Heidelberg, Germany — 4University of Giessen, Germany —
5University of Jena, Germany
The ARTEMIS experiment at the HITRAP facility situated at GSI focuses on
precision measurements of electron magnetic moments in highly charged ions.
Ions are currently produced inside the cryogenic Penning trap of the experi-
ment [Kanika et al., J. Phys. B 56, 175001 (2023)] and are prepared and cooled
using non-destructive techniques [Ebrahimi et al., Phys. Rev. A 98, 023423
(2018)]. Electronmagneticmoments (g-factor) will bemeasured using the laser-
microwave double-resonance spectroscopy on the desired few-electron ions
stored in the trap. The connection to theHITRAP beamline and upgrades for dy-
namic capture and storage of ions from external sources enables this method to
be applied to hydrogen-like heavy species such as Bi82+ and other lighter species
such as S11+. The half-open design of the trap allows optical access which in
turn facilitates microwave probing of the Larmor frequency through laser spec-
troscopy of fine/hyperfine structure of the ions. We present the current status of
the experiment.

A 22.7 Wed 16:00 HS 1098
Analyzing heavy elemental polyatomicmolecular ions for tests of fundamen-
tal physics — ∙Carsten Zülch, Konstantin Gaul, Steffen M. Giesen, and
Robert Berger — Fachbereich Chemie, Philipps-Universität Marburg, Hans-
Meerwein-Straße 4, 35032 Marburg, Germany
Recently, we proposed diatomic highly chargedmolecular ions for precision tests
of fundamental physics [1]. These provide unique, compressed electronic spec-
tra—an effect which can be exploited in the search for a spatio-temporal varia-
tion of fundamental constants—, long trapping times and sympathetical coola-
bility [2]. Polyatomic molecules possess more internal degrees of freedom and
can exhibit internal comagnetometer states as well as internally broken symme-
tries [3,4]. Thus, polyatomic molecular ions promise to advance quantum infor-
mation sciences, cold chemistry and collisions, high precision spectroscopy and
therewith the search for symmetry violation beyond the Standard Model. In this
contribution we investigate a multitude of polyatomic molecular ions in respect
of their electronic structure, spectroscopic constants and enhancement factors
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of symmetry violating properties in a broken-symmetry quasirelativistic mean-
field ansatz such as PaNC3+ or PaNCS3+. We subsequently account for electron
correlation using two-component many-body perturbation theory.

[1] Zülch, Gaul, Giesen, Garcia Ruiz, Berger, arXiv 2203.10333.
[2] Zülch, Gaul, Berger, Isr. J. Chem. 2023, 63, e202300035.
[3] Isaev, Berger, PRL 2016, 116; Kozyryev et al., JPB 2016, 49.
[4] Isaev et al., JPB 2017, 50; Kozyryev et al., PRL 2017, 119.

A 22.8 Wed 16:15 HS 1098
Cooling of heavy highly charged ions: The HITRAP-Penning Trap —
∙Dimitrios Zisis for the Hitrap-Collaboration — GSI Helmholtzzentrum für
Schwerionenforschung, Germany — Technical University of Darmstadt, Ger-
many
For conducting high-precision experiments at low energies and small energy
distributions, heavy and highly charged ions (HCI) need to be decelerated and

cooled, which is the aim of the HITRAP facility. It is situated at the GSI
Helmholtzzentrum für Schwerionenforschung, where a wide range of HCI can
be provided. Its unique capability to decelerate and cool HCI, not only enables
easier ion storage and manipulation but also further transport towards attached
experiments.

At HITRAP, HCI are decelerated in a two-step process from 4 MeV/u to 6
keV/u before being captured in a Penning trap for electron cooling. This cooling
process precedes the subsequent ejection of ions, facilitating their transport to
various precision experiments.

We present the latest successful outcomes in electron cooling of HCI. Despite
the observed reduction in ion energy, a detailed investigation of systematic ef-
fects has yet to be carried out. Future steps involve the optimization of the cool-
ing process including more advanced detection methods and further systematic
studies.

A 23: Atomic Clusters (joint session A/MO)
Time: Wednesday 14:30–16:30 Location: HS 1015

A 23.1 Wed 14:30 HS 1015
Experimental studies on core-level interatomicCoulombic decay in heteroge-
neous rare gas clusters— ∙Catmarna Küstner-Wetekam1, LutzMarder1,
Dana Bloss1, Christina Zindel1, UweHergenhahn2, Arno Ehresmann1,
Přemysl Kolorenč3, and Andreas Hans1 — 1Institut für Physik und CIN-
SaT, Universität Kassel, Heinrich-Plett-Str. 40, 34132 Kassel, Germany— 2Fritz-
Haber-Institut derMax-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Ger-
many — 3Institute of Theoretical Physics, Charles University, V Holesovickach
2, 180 00 Prague, Czech Republic
To understand the fundamental mechanisms of radiation chemistry in realis-
tic environments, it is crucial to examine prototypical systems where molecules
or atoms interact with their surroundings. Weakly bound van der Waals clusters
serve as promisingmodel systems for investigating novel relaxation pathways. In
contrast to isolated atoms, electronically excited states may now decay via differ-
ent interatomic processes such as interatomic Coulombic decay (ICD) or radia-
tive charge transfer (RCT). Due to the relatively low probability of ICD following
inner-shell ionization in rare gas clusters, multicoincidence spectroscopy is es-
sential for its detection. Here, we present the observation of changes in branch-
ing ratios when going from homogeneous Ar and Kr clusters to heterogeneous
ArKr clusters. This transition effectively introduces a distinct environment for
the excited atom in each cluster, providing valuable insights into the influence of
cluster composition on interatomic decay pathways.

A 23.2 Wed 14:45 HS 1015
Self-organized supersolidity in ion doped Helium droplets — ∙Juan Carlos
Acosta Matos, Panagiotis Giannakeas, and Jan Michael Rost — Max
Planck Institute for the Physics of Complex Systems, Dresden, Germany
It is well known that crystallized shells, of Helium atoms, a so called snowball,
forms around the ion in the otherwise (super-)fluid Helium droplet [1]. Here,
we show that for sufficiently large droplets a third regime appears between the
snowball and the liquid one with a supersolid structure where the Helium den-
sity exhibits a periodic modulation of the particle density on a spherical shell.
The periodic modulation emerges due to the inner shell snowball structure that
provides a lattice substrate for the outer droplet shells yielding an accumula-
tion of superfluid particles. To identify supersolidity in a geometrically confined
scenario of a droplet we combine modified density functional theory (DFT), al-
lowing us to describe large enough droplets, with a Gaussian Imaginary Time
Dependent Hartree (G-ITDH)[2] method which traces the emergence of crys-
tallized structures. Our approachworkswell as a comparison toQuantumMonte
Carlo results [3] for smaller droplets reveals. [1] D. E. Galli etal, J. Phys. Chem.
A 2011, 115, 7300-7309 [2] W. Unn-Toc etal, J. Chem. Phys. 137, 054112 (2012)
[3] M. Rastogi etal, Phys. Chem. Chem. Phys. 2018, 20, 25569

A 23.3 Wed 15:00 HS 1015
Disentangling the decay cascade of inner-shell vacancies in krypton clusters
— ∙Lutz Marder, Catmarna Küstner-Wetekam, Niklas Golchert, Jo-
hannes Viehmann, Emilia Heikura, Nils Kiefer, Arno Ehresmann, and
AndreasHans—Institut für Physik undCINSaT, Universität Kassel, Heinrich-
Plett-Str. 40, 34132 Kassel, Germany
Noble gas clusters represent prototype systems well-suited for the investigation
of fundamental atomic and molecular processes; their van der Waals bonds en-
able new relaxation pathways not available in isolated systems. Many of these
have been studied during the recent years, often using coincidencemeasurement
techniques.

Our state-of-the-art experiment, where electrons and photons are detected in
coincidence, allows for investigation of multi-particle decay pathways after ion-
ization with synchrotron radiation. Upon introduction of an inner-shell vacancy

in a homogeneous Kr cluster, the well-known atomic relaxation pathways – con-
sisting of Auger-Meitner decays and fluorescence – is altered significantly by the
opening of new interatomic relaxationmechanisms such as interatomicCoulom-
bic decay (ICD), electron-transfer mediated decay (ETMD) and radiative charge
transfer (RCT), all of which have been observed and are presented here.

A 23.4 Wed 15:15 HS 1015
Measurements of Electron-Photon Coincidences from Local and Non-
Local Electronic Relaxation Processes in Rare-Gas Clusters after Excita-
tion with Synchrotron Radiation from Multi-Bunch Operation Mode —
∙Johannes Viehmann1, Andreas Hans1, Christian Ozga1, Nils Kiefer1,
Emilia Heikura1, Lutz Marder1, Catmarna Küstner-Wetekam1, Uwe
Hergenhahn2, and Arno Ehresmann1 — 1Institut für Physik und CINSaT,
Universität Kassel, Heinrich-Plett-Straße 40, 34132 Kassel, Germany — 2Fritz
Haber Institute of the Max Planck Society, Faradayweg 4-6 14195 Berlin Ger-
many
Investigating interatomic (or intermolecular) processes in dense media is of in-
terest for understanding the emergence of new properties in conglomerates of in-
teracting particles. This is a stepping stone in bottom up approaches to describe
complex environments like biological relevant systems. Our group has used
electron-photon coincidence measurements to investigate local and non-local
electronic relaxation processes after inner-valence excitation with synchrotron
radiation of rare gas clusters. Coincidence measurements at synchrotrons have
been restricted to single bunch operation modes of the facilities due to necessi-
ties of proper time references. Here, we suggest a technique to expand the use of
such electron-photon-coincidence measurements to arbitrary synchrotron fill-
ing patterns and show first benchmark results.

A 23.5 Wed 15:30 HS 1015
Extreme shift of Auger cascade energies after deep inner-shell ionization in
rare-gas clusters— ∙NiklasGolchert1, NilsKiefer1, CatmarnaKüstner-
Wetekam1, Lutz Marder1, Minna Patanen2, Christina Zindel1, Arno
Ehresmann1, and Andreas Hans1 — 1Institut für Physik und CINSaT, Uni-
versität Kassel, Heinrich-Plett-Str. 40, 34132 Kassel, Germany — 2Nano and
Molecular Systems Research Unit, Faculty of Science, P.O. Box 3000, FI-90014,
University of Oulu, Oulu, Finland
Closing the gap between isolated atoms and macroscopic objects, clusters serve
as ideal prototype systems for fundamental research of local and non-local pro-
cesses in densemedia. By investigating their electron emission spectra after pho-
toionization, detailed insights about the interactions between the constituents of
a medium are gained.

Here, we present recent experimental results obtained bymultielectron coinci-
dence spectroscopy showing the strong dependence of Auger cascade energies in
clusters on the charge state of the emitting ion caused by the polarization of its
surrounding. These findings will deliver valuable information for future spec-
troscopic experiments on dense media such as clusters or liquids using high-
energetic light sources.

A 23.6 Wed 15:45 HS 1015
Reconstructing the anisotropic expansion of a laser driven nanoplasma
— ∙Paul Tuemmler1, Felix Gerke2, Christian Peltz1, Hendrik
Tackenberg1, Björn Kruse1, Bernhard Wassermann2, Thomas Fennel1,
and Eckart Rühl2 — 1University of Rostock, D-18059 Rostock, Germany —
2Freie Universität Berlin, D-14195 Berlin, Germany
Coherent diffractive imaging (CDI) at X-ray free-electron lasers (FELs) has
evolved into a well-established method for the structural investigation of un-
supported nanoparticles. This inherently static method can be readily adopted
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to time-dependent studies by incorporating a second pulse in a pump-probe
scheme.

In a recent experiment at LCLS, we utilized this method to study the fun-
damental process of free plasma expansion into vacuum using the example of
laser-pumped SiO2 nanospheres. The resulting plasma expansion rapidly and
isotropically softens the initial surface density step. This, in turn, increases the
radial decay of the scattering signal eventually precluding meaningful measure-
ments due to a diminishing signal-to-noise ratio within only a few hundred fem-
toseconds [1].

Here, we present the results of a follow-up experiment at the European XFEL
where we revisited SiO2 as a target, but operated in a weaker excitation regime.
This approach allowed us to record images over far longer timescales and re-
vealed a strong anisotropic expansion dynamic, as predicted by theory [2].
[1] C. Peltz et al., New J. Phys. 24, 043024 (2022).
[2] C. Peltz et al., Phys. Rev. Lett. 113, 133401 (2014).

A 23.7 Wed 16:00 HS 1015
Superradiant parametric Mössbauer radiation — ∙Ze-An Peng, Christoph
H. Keitel, and Jörg Evers—Max-Planck-Institut für Kernphysik, Heidelberg,
Germany
Mössbauer nuclei facilitate a broad range of applications based on their spectrally
narrow resonances at energies of hard X-rays. However, the narrow resonances
render a strong excitation via intense X-ray beams challenging. This motivates a
search for alternative excitation sources.

Parametric X-ray radiation (PXR) is a well-known mechanism for generating
high-quality x-ray beams, which is based on intense relativistic electron beams
passing through crystals. If the crystal contains Mössbauer nuclei, then under
suitable conditions spectrally narrow parametric Mössbauer radiation (PMR)
can be emitted [1]. Recently, a new scheme of superradiant PXR was proposed

which employs coherently modulated electron bunches produced in X-ray free-
electron laser accelerators [2]. This boosts the PXR intensity generated from the
crystal by orders of magnitude.

Here, we construct a superradiant parametric Mössbauer radiation source,
which is rendered possible by an extended configuration in which the conditions
for superradiant PXR and theMössbauer resonance condition can be satisfied si-
multaneously. After illustrating the operation principle of the source, the prop-
erties of the generated X-ray beam and possible applications will be discussed.
[1] O. D. Skoromnik, I. D. Feranchuk, J. Evers, and C. H. Keitel, Phys. Rev. Accel.
Beams 25, 040704 (2022). [2] I. D. Feranchuk, N. Q. San, and O. D. Skoromnik,
Phys. Rev. Accel. Beams 25, 120702 (2022).

A 23.8 Wed 16:15 HS 1015
Nonlinear effects in the charge fractionalization of critical chains— ∙Flávia
Braga Ramos1, Imke Schneider1, Sebastian Eggert1, and Rodrigo
Pereira2 — 1University of Kaiserslautern-Landau, Kaiserslautern, Germany —
2International Institute of Physics, Natal, Brazil
Using the density matrix renormalization group we investigate how a single par-
ticle excitation is accommodated in a strongly correlated chain using an out-of-
equilibrium protocol. By creating an initial Gaussian wave packet with fixedmo-
mentum, we are able to control the regime of energy excitations. Remarkably, the
late-time dynamics of the wave packet comprises up to three descendent humps:
two counter-propagating low-energy modes and an additional high-energy con-
tribution, whose existence depends on the energy scale set in the initial state. We
interpret this unconventional charge fractionalization in terms of the nonlinear
Luttinger liquid theory which has attracted great theoretical interest in recent
years. Our results provide a new perspective to observe the dynamics of criti-
cal chains in the whole range of energy excitations which could potentially be
realized in ultracold atomic gases.

A 24: Fermionic Quantum Gases II (joint session Q/A)
Time: Wednesday 14:30–16:30 Location: Aula
See Q 32 for details of this session.

A 25: Poster IV
Time: Wednesday 17:00–19:00 Location: Tent A

A 25.1 Wed 17:00 Tent A
Analysing Single Particle Trajectories Of Ultracold Atoms With Artificial
Intelligence — ∙Marco Mohler, Silvia Hiebel, Dennis Wagner, Sabrina
Burgardt, Julian Fess, Marius Kloft und Artur Widera — University of
Kaiserslautern-Landau, Kaiserslautern, Germany
Artificial Intelligence can be a helpful tool in analysing large datasets. In the
presented work, we analyze the diffusion of Cs atoms, which are trapped in a
far-detuned optical dipole trap and driven by an optical molasses. As the atoms
absorb and reemit photons from themolasses laser beams they receive small mo-
mentum kicks in a random direction. This fluctuating force together with Dopp-
ler damping due to the laser beams detuning results in diffusive behaviour and is
similar to Brownian motion. A small imbalance in the power of the counterpro-
pagating molasses beams results in a small drift away from the stronger beam.
This is to be avoided as it is a disturbance to experiments. Here, we present a
neural network trained to learn the underlying force field behind the diffusive
cesium trajectory which originates from the details of the laser setup. Applying
the network to experimental data might reduce everyday readjustment time by
telling which parameters to adjust to negate the drift from a reduced number
of recorded trajectories. Initial training is carried out on simulated data because
producing this data requires less ressources. Therefore trajectories are calcula-
ted for different laser imbalances and presented to the neural network so that it
learns how the imbalance affects the atoms‘ movement. Currently the simulation
is being tested before the neural network is set up.

A 25.2 Wed 17:00 Tent A
High Fidelity transport of trapped-ion qubits in a multilayer array —
∙Deviprasath Palani, Florian Hasse, Apurba Das, Leon Goepfert, Ole
Pikkemaat, Ulrich Warring, and Tobias Schaetz — Physikalisches Insti-
tut, Universitaet Freiburg, Freiburg, Germany
Trapped ion arrays, facilitated by Radio-Frequency surface electrode traps, offer
a promising platform for extending analog quantum simulations in size and di-
mension. Our prototype, fabricated by Sandia National Laboratories, creates a
three-dimensional potential landscape housing 13 strongly confined ion storage
sites alongside intermittently weakly confined areas featuring transport chan-
nels. An equilateral triangular array, situated closer to the surface with a side
length of 40 μm, enables local site control, 2D inter-site coupling, and Floquet-

engineering coupling via motional degrees of freedom[1-3]. Extending these
methods, we enable deterministic ion redistribution using an ancilla site approx-
imately 13 μm above the array. Ramsey spectroscopy confirms the preservation
of electronic degree-of-freedom information during ion transport. Our current
focus lies in addressing noise predominantly arising from surface contaminants
using argon-ion bombardment and tackling other technical limitations[5].

[1] Mielenz, M. et al. Nat. Commun. 7, 11839 (2016). [2] Hakelberg, F. et
al. Phys. Rev. Lett. 123, 100504 (2019). [3] Kiefer, P. et al. Phys. Rev. Lett.
123, 213605 (2019). [4] Palani, D. et al. Phys. Rev. A. 107, L050601 (2023). [5]
Warring, U. et al. Adv. Quantum Technol. 1900137 (2020).

A 25.3 Wed 17:00 Tent A
Construction of a versatile platform for Rydberg atom experiments —
∙Aaron Thielmann, Mirza Akbar Ali, Sven Schmidt, Suthep Pomjak-
silp, Thomas Niederprüm, and Herwig Ott — Department of Physics and
research center OPTIMAS, RPTU Kaiserslautern-Landau
In recent years, atomic arrays emerged as a ground-breaking platform in quan-
tum physics. These setups do not only feature single-atom control, additionally
exciting addressable atoms to Rydberg states introduces further possibilities to
study physical problems in different geometric configurations.

Using a metallic vacuum-chamber, our aim is to get a versatile platform for
research on arrays of single atoms or small samples while having as much con-
trol over sorrounding parameters as possible. Through a high resolution ob-
jective not only tweezer trap generation and observation but also site-selective
(de-)excitation will be possible. This will enable us to investigate different phe-
nomena like transport with dissipation in arbitrarily arranged arrays of Rubid-
ium atoms. Additional features include electric andmagnetic field control as well
as the ability for global application of microwave and optical fields. Furthermore
a second species of Rubidium could enable even more possibilities.

A 25.4 Wed 17:00 Tent A
Ultracold LiCr Feshbach dimers: prospects for doubly-polar ground-
state molecules — ∙Maximilian Schemmer1,2, Stefano Finelli1,2,
Alessio Ciamei1,2, Beatrice Restivo1,2, Antonio Cosco1,2, Andreas
Trenkwalder1,2, and Matteo Zaccanti1,2 — 1Istituto Nazionale di Ottica
del Consiglio Nazionale delle Ricerche (CNR-INO), 50019 Sesto Fiorentino,
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Italy — 2European Laboratory for Nonlinear Spectroscopy (LENS), 50019 Sesto
Fiorentino, Italy
We report the creation and study of ultracold 6Li53Cr Feshbach molecules.
Leveraging on the Fermi statistics of the parent atomic mixture, we adiabati-
cally associate up to 50 × 103 LiCr at a peak phase-space density of about 0.1,
thereby populating a weakly-bound rotationless level of the electronic ground-
state 6Σ+. We directly observe the paramagnetic nature of 6Σ+ by measuring the
magnetic dipole moment of closed-channel dimers, and we show precise control
of the open-channel fraction close to the Feshbach resonance pole. We char-
acterize the loss mechanisms induced by trap light and inelastic collisions. We
show that a puremolecule sample trapped at a convenient wavelength of 1560nm
features lifetimes exceeding 0.2 s. According to recent ab-initio calculations, effi-
cient and coherent transfer to the absolute ground-state will deliver doubly-polar
molecules for novel quantum simulation and computation as well as ultracold
chemistry.

A 25.5 Wed 17:00 Tent A
Optical tweezer for immersion of single Cs impurities in an ultracold Rb bath
— ∙Levi Geier, Sabrina Burgardt, Silvia Hiebel, Julian Fess, and Artur
Widera — Department of Physics and Research Center OPTIMAS, University
of Kaiserslautern-Landau, Kaiserslautern 67663, Germany
Optical tweezers, i.e. tightly focussed laserbeams, have evolved into versatile
tools in the study of many-body quantum systems with control on the single-
particle level. Their range of application is very broad since devices such as spa-
tial light modulators and acousto-optical deflectors allow arbitrary and time-
dependent optical potentials. In the scope of this work an optical tweezer setup
based on an acousto-optical defletor is presented, which will be used to control
single Caesium atoms dynamically inside a 3-dimensional Rubidium BEC. As
optical tweezers rely on the optical dipole force only, manipulation of the atomic
states is enabled, and coherence is preserved. We aim to investigate the coher-
ence dynamics of a single Caesium qubit when immersed in a Rubidium BEC.

A 25.6 Wed 17:00 Tent A
Collisional energy effects on atom-ion Feshbach resonances — ∙Joachim
Siemund1, Fabian Thielemann1, Daniel Hönig1, Wei Wu1, Krzysztof
Jachymski2, Thomas Walker1,3, and Tobias Schätz1 — 1Physikalisches In-
stitut, Albert-Ludwigs Universität Freiburg — 2Faculty of Physics, University of
Warsaw — 3Blackett Laboratory, Imperial College, London
We investigate the inelastic loss dynamics around Feshbach resonances between
neutral atoms and ions depending on the collision energy. By immersing a single
138Ba+ ion in an ultracold cloud of 6Li, we have demonstrated the enhancement
of two- and three-body interactions through changes in the ion’s electronic state
and radial kinetic energy. We probe the atom-ion interaction rate while tuning
the ion’s kinetic energy and atomic cloud temperature. We observe the enhance-
ment and suppression of inelastic loss processes depending on the collision en-
ergies and specific Feshbach resonance. This energy dependence could provide
insight into the fundamental nature of the interaction dynamics, which also will
be discussed in a parallel talk by Fabian Thielemann.

A 25.7 Wed 17:00 Tent A
Theoretical study of radio-frequency induced Floquet-Feshbach resonances
in ultracold Lithium-6 gases — ∙Alexander Guthmann, Felix Lang, and
Artur Widera — RPTU Kaiserslautern-Landau, 67663 Kaiserslautern, Ger-
many
Feshbach resonances play a crucial role in the exploration of ultracold atoms.
The magnetic field position of these resonances is determined by the point at
which the energy of a dimer-bound state intersects the asymptotic atomic thresh-
old. This contribution discusses the utilization of an oscillating magnetic field
in the radio frequency range to couple colliding atom pairs to the dimer state,
generating new resonances at different magnetic field values. Employing Flo-
quet theory, we transform the time-dependent problem into a time-independent
equivalent, yielding a Hamiltonian suitable for coupled-channel calculations.
Using Lithium-6 as an example, which exhibits a notably broad s-wave reso-
nance at 832G due to a weakly bound halo state, our results from coupled-
channel calculations reveal that this halo state enables the creation of radio
frequency-induced resonances with significant widths and tunability at mod-
ulation strengths achievable in practice. Theoretical findings will be presented,
and the feasibility of experimental observation, along with associated technical
challenges, will be explored.

A 25.8 Wed 17:00 Tent A
Topological pumping of vortices through Bloch-like oscillations of a mag-
netic soliton — Franco Rabec, Guillaume Chauveau, ∙Guillaume
Brochier, Sylvain Nascimbene, Jean Dalibard, and Jérôme Beugnon —
Laboratoire Kastler Brossel, Collège de France, France
Bloch oscillations are a striking feature of the counterintuitive motion of par-
ticles created by a lattice potential. However, one can reproduce such an effect
with a system that is translationally invariant, provided that the dispersion rela-
tion remains periodic. An example is realized by a magnetic soliton which can

be mapped onto an immiscible spin mixture in a quasi-1D Bose gas. We report
on the observation of such Bloch-like oscillations. We experimentally investigate
this phenomenon with both strict boundary conditions and periodic boundary
conditions, the latter revealing the presence of a backflow and the formation of
a topological vortex pump in this system.

A 25.9 Wed 17:00 Tent A
Hundreds of atoms in an array of optical tweezers in a cryostat — Etienne
Bloch1, Gert-Jan Both1, Lilian Bourachot1, ∙Davide Dreon1, Thierry
Lahaye2, Desiree Lim1, Gregoire Pichard1, and Julien Vaneecloo1 —
1Pasqal SAS, 7 Rue Léonard de Vinci, 91300Massy, Francee— 2Université Paris-
Saclay, Institut d’Optique Graduate School, CNRS, Laboratoire Charles Fabry,
91127 Palaiseau Cedex, France
We will present the work done on a new generation of quantum processors that
we are developing at PASQAL, a spin-off company of the Institut d’Optique,
which is building neutral atom quantum computers. This machine incorporates
optical tweezer technology in a cryogenic environment. We have recently incor-
porated high numerical aperture optics that allow us to trap hundreds of single
atoms in the tweezer array. In addition to that, we are demonstrating improved
vacuum-limited lifetime compared to room temperature setups. This prototype
represents a significant milestone, bringing us closer to the realisation of a neu-
tral atom processor with more than a thousand qubits.

A 25.10 Wed 17:00 Tent A
Quantum-gas microscopy of the Bose-Hubbard model with 84Sr — San-
dra Buob1, Jonatan Höschele1, Vasiliy Makhalov1, ∙Antonio Rubio-
Abadal1, and Leticia Tarruell1,2 — 1ICFO - Institut de Ciències Fotòniques,
The Barcelona Institute of Science and Technology, 08860 Castelldefels
(Barcelona), Spain — 2ICREA, Pg. Lluís Companys 23, 08010 Barcelona, Spain
Atomic species with two-valence electrons, such as alkaline-earth atoms, offer
exciting spectroscopic tools that can bring quantum simulation with ultracold
atoms into new directions.

Here we present an experimental setup capable of preparing ultracold bosonic
strontium in a two-dimensional optical lattice. By performing fluorescence
imaging of a 2D quantum gas with site-resolved resolution, we realize a stron-
tium quantum-gas microscope. In this poster, we discuss the main technical
features of our setup, its current status, and possible future directions.

A 25.11 Wed 17:00 Tent A
Characterisation of Drifts and Non-Linearity of Data Acquisition Electron-
ics for Metallic Magnetic Calorimeter Detectors — ∙Daniel A. Müller1,3,
Philip Pfäfflein1,2,3, Marc O. Herdrich1,3, Christoph Hahn1,2, FelixM.
Kröger1,2,3, Bastian Löher2, GünterWeber1,2, and Thomas Stöhlker1,2,3
— 1HI-Jena, Jena, Germany — 2GSI, Darmstad, Germany — 3Friedrich-
Schiller-Universität Jena, Jena, Germany
Recent experiments employing novel metallic magnetic calorimeter detectors
have shown the excellent spectral resolution (better than 100 eV FWHM at
100 keV) and timing capability of those detectors. The measurement principle
of this detector is based on a temperature rise of an absorber by stopping an inci-
dent x-ray photon resulting in a change of the magnetisation of a paramagnetic
sensor. With a superconducting quantum interference device those changes can
be measured with high sensitivity. While providing a wide energy acceptance
(0.1 - 100 keV), the entire spectral range can only be fully utilised, if drifts and
non-linear effects of the data acquisition electronics are under control. Other-
wise precision spectroscopy is only possible if a well-known x-ray or gamma
line is close to the line of interest for establishing an absolute energy scale. In the
present work, we report on the characterisation of STRUCK SIS3316 digitizer
modules in terms of integral non-linearity and temperature-dependent drifts. It
has been shown that these effects have a sizeable impact on the spectral perfor-
mance of the detectors. Furthermore, a calibration and correction method to
mitigate these effects on the recorded spectrum was developed.

A 25.12 Wed 17:00 Tent A
Polarization Phenomena of Compton Scattering in the Hard X-Ray
Regime Revealed by Compton Polarimetry — ∙Tobias Over1,2,3, Alexan-
dre Gumberidze1, Marc O. Herdrich2,3, Thomas Krings4, Wilko
Middents1,2,3, Philip Pfäfflein1,2,3, Uwe Spillmann1, Günter Weber1,2,
and Thomas Stöhlker1,2,3 — 1GSI GmbH, Planckstraße 1, 64291 Darmstadt
— 2HI Jena, Fröbelstieg 3, 07743 Jena — 3FSU Jena, Leutragraben 1, 07743 Jena
— 4FZ Jülich, Wilhelm-Johnen-Straße, 52425 Jülich
For photon energies from several tens of keV up to a few MeV, Compton po-
larimetry is an indispensable tool to gain insight into subtle details of funda-
mental radiative processes in atomic physics. Within the SPARC collaboration
several segmented semiconductor detectors have been developed that are well
suited for application as efficient Compton polarimeters. For electron-photon
and photon-photon scattering processes in the hard x-ray regime these kind of
detectors enable revealing photon polarization effects in great detail. Particu-
lar emphasis is given to processes common in astrophysical objects. For pro-
cesses such as radiative recombination, electron bremsstrahlung, Rayleigh and

66



Atomic Physics Division (A) Wednesday

Compton scattering where spin-effects and polarization transfer phenomena are
of great importance. In our presentation, an overview of recent results obtained
for inelastic scattering in the hard x-ray regime as well as ongoing experimental
projects will be presented. In particular, we will discuss the extension to photon
energies of several hundreds of keV, using a novel Compton telescope detector.

A 25.13 Wed 17:00 Tent A
Wigner vs. Smith: Time delays in anisotropic potentials — ∙Ulf Saalmann
and Jan M Rost — Max-Planck-Institut für Physik komplexer Systeme, Dres-
den/Germany
Scattering properties and time delays for non-symmetric potentials are discussed
paradigmatically in one dimension in comparison to symmetric ones. Only for
the latter theWigner and Smith time delays coincide. We further discuss the im-
portance of the potential position and give a criterion how to identify a potential
with intrinsic symmetry which behaves like an asymmetric one if it is merely
offset from the scattering center. [arxiv.org/abs/2309.02059]

A 25.14 Wed 17:00 Tent A
The attoclock and its interpretation, real-valued tunneling time and super-
luminal tunneling — ∙Ossama Kullie — 1 Theoretical Physics, Institute of
Physics, University of Kassel
Tunneling is a quantum mechanical phenomena. The time required for the tun-
neling or field-ionization of an electron from an atom through a laser field can be
measured using the so-called attoclock. However, some authors claim that the
time delay measured by the attoclock is not an indicator of the tunneling time.
We present a model that describes the tunnel- or field-ionization of the attoclock
experiment for He- [1] and H-atom [2], in the adiabatic and nonadiabatic field
calibrations [3]. And we show that one can interpret the attoclock measurement
in such a way that it is possible to determine the tunneling time or the time delay
due the barrier region or the classically forbidden region. We also show that for
the weak measurement [4], in which the time is usually measured by the Larmor
clock [5], the attoclock offers a possibility to measure the interaction time for
thick barrier and even superluminal tunneling is possible [6].

[1] A. S. Landsman et al, Optica 1, 343 (2014), U. S. Sainadh et al, Nature 586,
75 (2019). [2] C. Hofmann et al. J. Mod. Opt. 66, 1052 (2019). [3] O. Kullie,
Phys. Rev. A 92, 052118 (2015), O. Kullie and I. A. Ivanov, arXiv:2005.09938v6.
[4] Y. Aharonov, Phys. Rev. A. 65, 052124 (2002). [5] R. Ramos, Nat. 538, 529
(2020). [6] Work in preparation.

A 25.15 Wed 17:00 Tent A
A Coincidence Unit for Ultracold Quantum Gases combining Electron
Velocity-Map-Imaging and Ion-Microscopy — ∙Lasse Paulsen1, Jette
Heyer1,2, Julian Fiedler1,2, Mario Grossmann1,2, Klaus Sengstock1,2,
Markus Drescher1,2, Juliette Simonet1,2, and Philipp Wessels-
Staarmann1,2 — 1Center for Optical Quantum Technologies, University of
Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany — 2The Hamburg
Centre for Ultrafast Imaging, Hamburg, Germany
By combining femtosecond laser pulses with ultracold quantum gases, new states
of matter ranging from atom-ion hybrid sytems over dense Rydberg gases to ul-
tracold microplasma can be created using local strong-field excitation and ion-
ization.

In order to access the dynamics of these complex systems, a high spatial,
spectral and angular resolution of the generated electrons and ions is necessary.
Therefore, a coincidence unit consisting of a velocity-map-imaging spectrome-
ter for electrons and an ionmicroscope will be implemented in the experimental
setup. This allows mapping the electron momenta with a simulated energy res-
olution of ΔE/E ≤ 10% over a range of 0.05 meV - 3.2 eV and imaging of the
ions with a spatial resolution of 100 nm. Furthermore, coincidence detection is
enabled via pulsed extraction allowing to study the dynamics and correlations in
many-body-systems with long-range interaction.

A 25.16 Wed 17:00 Tent A
Probing Axions and Axion Like Particles through Cosmic Axion Spin
Precession Experiment- High-field — ∙Malavika Unni for the CASPEr-
Collaboration—Helmholtz-Institut, GSI Helmholtzzentrum fuer Schwerionen-
forschung, 55128 Mainz, Germany
Cosmic Axion Spin Precession Experiment (CASPEr) [1,2] investigates pseu-
doscalar bosons, axions, and axionlike particles (ALPs), through their interac-
tions with standard model particles. Axions offer a solution to the formidable
strong CP problem and provide a compelling link to Dark Matter. In this work,
we study the coupling of the axion and ALP field with fermions. Utilizing Nu-
clear Magnetic Resonance (NMR) spectroscopy, we search for the coupling be-
tween Axions (and ALPs) and nuclear spins. In the CASPEr high-field setup
featuring a 14.1 T magnet, we explore the frequency range of 70 to 600 MHz us-
ing tunable LC circuits cooled to cryogenic temperatures. In conjunction with a
shim coil integrated into the cryostat, we employ an additional shim stack to en-
sure field homogeneity. We also examine various hyperpolarization techniques
and identify the most suitable samples for achieving high sensitivity. Further de-
tails on our experimental setup and theNMR-detection systemwill be elaborated

in the presentation. [1]. P. W. Graham, S. Rajendran, Phys. Rev. D 88, 035023
(2013) [2]. D. Budker, P. W. Graham, M. Ledbetter, S. Rajendran, A.O.Sushkov,
Phys. Rev. X 2014.

A 25.17 Wed 17:00 Tent A
Automated loading of Highly Charged Ions in a Paul Trap— ∙Lukas Fabian
Storz—Max-Planck-Institut für Kernphysik, Heidelberg
Automatizations for experiments are crucial to maximize productivity and ac-
curacy. We have implemented an algorithm using the fluorescence of Be-Ions
detected on a CCD camera to automatically load large Be-Crystals. The pres-
ence of an HCI causes a void of Be+ in the crystal, which shows as a hole in the
image. Its radius depends on the HCI charge state, and HCI recombination with
residual gas changes it, allowing us tomonitor the density at the trap over several
months. Simultaneously the secular frequencies also yield the charge state. Our
algorithm is applicable to similar ion trapping experiments and serve for their
optimization.

A 25.18 Wed 17:00 Tent A
Automated loading of Highly Charged Ions in a Paul Trap— ∙Lukas Fabian
Storz, Vera M. Schäfer, Elwin A. Dijck, Stepan Kokh, José R. Crespo
López-Urrutia, and Thomas Pfeifer—Max-Planck-Institut für Kernphysik,
Heidelberg
Automatizations for experiments are crucial to maximize productivity and ac-
curacy. We have implemented an algorithm using the fluorescence of Be-Ions
detected on a CCD camera to automatically load large Be-Crystals. The pres-
ence of an HCI causes a void of Be+ in the crystal, which shows as a hole in the
image. Its radius depends on the HCI charge state, and HCI recombination with
residual gas changes it, allowing us tomonitor the density at the trap over several
months. Simultaneously the secular frequencies also yield the charge state. Our
algorithm is applicable to similar ion trapping experiments and serve for their
optimization.

A 25.19 Wed 17:00 Tent A
Catalyzation of supersolidity in binary dipolar condensates — ∙Daniel
Scheiermann1, Luis Ardila1, Thomas Bland2,3, Russell Bisset3, and Luis
Santos1 — 1Institut für Theoretische Physik, Leibniz Universität Hannover,
Germany — 2Institut für Quantenoptik and Quanteninformation, Innsbruck,
Austria — 3Institut für Experimentalphysik, Universität Innsbruck, Austria
Breakthrough experiments have newly explored the fascinating physics of dipo-
lar quantum droplets and supersolids. The recent realization of dipolar mixtures
opens further intriguing possibilities.

We show that under rather general conditions, the presence of a second com-
ponent catalyzes droplet nucleation and supersolidity in an otherwise unmod-
ulated condensate. For miscible mixtures, droplet catalyzation results from the
effective modification of the relative dipolar strength, and may occur even for a
surprisingly small impurity doping. We show that different ground-states may
occur, including the possibility of two coexisting interacting supersolids. The
immiscible regime provides a second scenario for double supersolidity in an ar-
ray of immiscible droplets.

Further we will discuss how the superfluidity of this mixture can be tested.

A 25.20 Wed 17:00 Tent A
A cavity-microscope for micrometer-scale control of atom-photon interac-
tions— ∙Ekaterina Fedotova, FrancescaOrsi, RohitBhatt, Jonas Falti-
nath, Gaia Bolognini, Nick Sauerwein, and Jean-Philippe Brantut —
Institute of Physics and Center for Quantum Science and Engineering, EPFL,
Lausanne, Switzerland
Cavity quantum-electrodynamics enables measurements of atoms with sensitiv-
ity limited by quantum backaction. Over the last decade, the possibility to ob-
serve and control the motion of few or individual atoms using cavity-enhanced
light-matter coupling has been exploited to realize various quantum technolog-
ical tasks. A principle limitation of these experiments lies in the mode structure
of the cavity, which is hard-coded in the distance and geometry of the mirrors,
effectively trading spatial resolution for enhanced sensitivity.

In this poster, I will present our cavity-microscope device allowing for spatio-
temporal programming of the light-matter coupling of atoms in a high finesse
cavity. This is achieved through local Floquet engineering of the atomic struc-
ture, imprinting a corresponding light-matter coupling. We illustrate this ca-
pability by engineering micrometer-scale coupling, using cavity-assisted atomic
measurements and optimization. Our system has the same footprint and com-
plexity as a standard Fabry-Perot cavities or confocal lens pairs, and can be used
for any atomic species. This technique opens a wide range of perspectives from
ultra-fast, cavity-enhanced mid-circuit readout to the quantum simulation of
fully connectedmodels of quantummatter such as the Sachdev-Ye-Kitaevmodel.

A 25.21 Wed 17:00 Tent A
Towards measurements of axionic Dark Matter with the CASPEr-gradient
low-field experiment — ∙Julian Walter and Yuzhe Zhang for the CASPEr-
Collaboration—Helmholtz-Institut, GSI Helmholtzzentrum fuer Schwerionen-
forschung, 55128 Mainz, Germany
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Axions and other light pseudoscalar bosons (< 1 eV/c2) which are collectively
referred to as axion-like particles (ALPs) have become well-motivated dark mat-
ter candidates. The Cosmic Axion Spin Precession Experiment (CASPEr) [1]
aims at detecting ALPs with nuclear magnetic resonance techniques. CASPEr-
Gradient in Mainz probes the hypothetic coupling of nuclear spins to the gradi-
ent of the ALP field [2]. The experimental apparatus was designed to scan ALPs
with Compton frequencies of up to 600 MHz, corresponding to a mass range of
approximately up to 10−6 eV. We performed a test measurement on a thermally
polarized liquid methanol sample at a 317 G leading field, which corresponds to
searching for ALP fields at 1.348568 MHz within a 238-Hz bandwidth. The data
analysis strategy and preliminary results are presented.
[1] D. F. J. Kimball et al. "Overview of the Cosmic Axion Spin Precession Ex-
periment (CASPEr)". In: Microwave Cavities and Detectors for Axion Research.
Cham: Springer International Publishing, 2020, pp. 105-121. ISBN: 978-3-030-
43761-9
[2] P. W. Graham and S. Rajendran. "New observables for direct detection of
axion dark matter". In: Phys. Rev. D 88 (3 Aug. 2013), p. 035023. DOI:
10.1103/PhysRevD.88.035023.

A 25.22 Wed 17:00 Tent A
Probing resonant absorption in helium using intense XUV FEL pulses
— ∙Arikta Saha1, Alexander Magunia1, Harijyoti Mandal1, Muwaf-
faq Ali Mourtada1, Carlo Kleine1, Yu He1, Marc Rebholz1, Ger-
gana D. Borisova1, Hannes Lindenblatt1, Florian Trost1, Robert
Moshammer1, Stefan Düesterer2, Tino Lang2, Ulrike Fruehling2,
Christina Papadopoulou2, Christina Böemer2, Dietrich Krebs2, Skir-
mantasAlisaukas2, ChristophHeyl2, IngmarHartl2, Steffen Palutke2,
Markus Braune2, Elisa Appi3, Doriana Vinci4, Milutin Kovacev5,
PhilipMosel5, Peer Biesterfeld5, Christian Ott1, and Thomas Pfeifer1
— 1Max-Planck-Institut für Kernphysik, 69117 Heidelberg, Germany —
2Deutsches Elektronen Synchrotron DESY, 22607 Hamburg, Germany— 3Lund
University, 22100 Lund, Sweden — 4European XFEL, 22869 Schenefeld, Ger-
many — 5Universität Hannover, 30167 Hannover, Germany
We studied excited state dynamics of helium using intense XUV FEL pulses. The
XUV-driven nonlinear dynamics was measured by transient absorption spec-
troscopy. In the absorption spectrum, we look at 1s4p lineshape modifications
in helium. The absorption lineshape is first excited by XUV pulses from high
harmonic generation(HHG) and further modified by intense XUV FEL pulses,
which leads to a change in the absorption feature. We observe absorption line
shape modifications in the 1s4p line in time-resolved measurements on the fem-
tosecond and picosecond timescale, as well as a function of FEL photon energy,
FEL intensity, and helium target gas pressure.

A 25.23 Wed 17:00 Tent A
Nuclear photoabsorption in 229Thusing twisted light— ∙TobiasKirschbaum
and Adriana Pálffy — Julius-Maximilians-Universität Würzburg, Am Hub-
land, 97074 Würzburg, Germany
Twisted light refers to light beams that carry orbital angular momentum. The
past decade has witnessed several studies of the interaction of these beams with
matter, in particular with atomic systems. Among others, twisted light beams
are used in quantum metrology to minimize the unwanted light shift in atomic
clock transitions [1]. A compelling alternative for these atomic clocks, hardly
affected by such shifts, is the 229Th nucleus which has a long-lived first excited
state at ≈ 8 eV [2].

Here, we investigate new avenues for the photoexcitation of the 229Th nuclear
isomer using vortex beams. We focus on spatial and temporal excitation patterns
induced by the twisted light field for themagnetic dipole and electric quadrupole
channels of the nuclear transition. Nuclear excitation in both solid-state targets
presenting nuclear hyperfine splitting as well as single ions is investigated and
the advantages compared to plane wave driving are highlighted.
[1] R. Lange et al., Phys. Rev. Lett. 129, 253901 (2022).
[2] E. Peik et al., Quantum Sci. Technol. 6, 034002 (2021).

A 25.24 Wed 17:00 Tent A
Two-colour cooling for 40K-87Rb quantumgasmixtures— ∙YannHendrick
Kiefer1,2, Max Hachmann2, and Andreas Hemmerich2 — 1ETH Zürich,
Zürich, Schweiz — 2Universität Hamburg, Hamburg, Deutschland
We present an efficient cooling scheme for fermionic 40-potassium atoms, us-
ing laser light red and blue detuned with respect to the D2 and D1 principle
flourescence lines, respectively. The cooling scheme is found to significantly in-
crease the saturation level for loading of a 40-potassium magneto-optical trap
(MOT), resulting in increased atom numbers or decreased cycle times. While
the attainable 40-potassium atomnumber is approximately doubled if exclusively
40-potassium atoms are cooled, the scheme is particularly powerful for dual-
species MOTs, for example, if 40-potassium and 87-rubidium atoms are cooled
simultaneously in the same MOT configuration. The typical atom losses due to
light-assisted hetero-nuclear collisions between 40-potassium and 87-rubidium
seem to be reduced giving rise to a threefold improvement of the 40-potassium
atomnumber as compared to that in a conventional dual-speciesMOT, operating

merely with D2 light. Our scheme can be a useful extension tomost dual-species
experiments, aiming to reach simultaneous degeneracy of both species.

A 25.25 Wed 17:00 Tent A
Cost Effective Modernization of the Aging Computerized Control System
of the Buffergas-Cell Setup for Studies of the 229mTh Isomer — ∙Georg
Holthoff, Daniel Moritz, Lilli Löbell, and Peter G. Thirolf — LMU,
Munich, Germany
We discuss the ever more prevalent issue of aging and failing computers used for
the control of long running experimental setups, which, in the worst-case sce-
nario, can lead to complete loss of operation of an experiment and necessitate
immense recovery efforts. How these systems can be modernized at low cost,
either by virtualization and adaption of existing hardware, or by complete re-
placement using customized microcontroller based solutions, is the main focus.
Both paths are compared and possible advantages and disadvantages laid out,
which may offer guidance for the proper choice in similar situations.

As example, the modernization of a system, built in the early 2000s to run an
experimental setup for the identification and characterization of the low-energy
nuclear clock thorium isomer 229mTh as part of the LMUNuclear Clock Project,
is presented. This system originally was run by an Intel Pentium4 based com-
puter using proprietary PCI-cards (PCI is a now deprecated interface standard)
to communicate with an elaborate Siemens Simatic S7 SPS, running multiple
pumps, ion optics and a buffer-gas stopping cell. It is assumed that this age
range and complexity make it a representative example for the challenges gener-
ally faced in such an upgrade scenario. Both routes for replacement are explored
as developments for both were undertaken at our setup. Supported by the Euro-
pean Research Council (ERC): Grant 856415.

A 25.26 Wed 17:00 Tent A
Development of multi-wavelength cavity ring-down spectroscopy for radio-
carbon analysis — ∙Erik Thiel1,2, Naoki Matsumoto2, Momo Mukai2,
Keisuke Saito2, Yuta Suzuki2, Hideki Tomita2, Kota Tsuge2, and Klaus
Wendt1 — 1Institut für Physik, Johannes Gutenberg-Universität, Mainz —
2Department of Applied Energy, Nagoya University, Japan
Cavity ring-down laser spectroscopy provides a highly sensitive method for de-
tection of elements and even individual isotopes in gas samples. Combined with
a multichannel laser source, as provided e.g. by a frequency comb, environmen-
tal or technical samples can be analysed with the highest efficiency, rapidly and
with high significance. Aside of presenting the technique and its capabilities for
ultratrace determination of 14C the presentation focusses specifically on the data
acquisition procedure and electronics for the ringdown signal which is adapted
and optimized for the multiple laser frequency excitation. It is providing a proof
of concept for the determination of ring-down decay rate based on time inter-
val analysis which utilizes the discrete recording and processing of two or more
timing signals.

A 25.27 Wed 17:00 Tent A
Trapping Ion Coulomb Crystals in an Optical Lattice — ∙Daniel Hoenig1,
Fabian Thielemann1, Wei Wu1, Thomas Walker1, Leon Karpa2, Amir
Mohammadi1, and Tobias Schaetz1 — 1Albert-Ludwigs Universität Freiburg
— 2Leibniz Universität Hannover
We present recent advancements in trapping 138Ba+ ions in a one-dimensional
optical lattice at a wavelength of 532 nm and the first successful trapping of lin-
ear ion Coulomb crystals (N ≤ 3) in such a trap array. The observed eigenfre-
quencies of the ions in the lattice and the increased robustness of the trapping
probability against axial electric fields provide evidence for confinement of the
ions at individual lattice sites.

As optical lattices are extendable in size and dimension, they might allow for
the realization of ion-microtrap structures in 2D and 3D. This could enable new
pathways towards analog quantum simulation of systems incorporating long-
range interactions. Additionally, the absence of micromotion in optical traps
could give them an edge over rf-traps in applications, where heating and de-
coherence induced by micromotion become limiting factors. This includes the
study of atom-ion interactions at ultracold temperatures, as well as the creation
and study of coherent superpositions of structural crystal phases and their en-
tanglement.

A 25.28 Wed 17:00 Tent A
Enhancing spectroscopic resolution for coherent control of photoionization
with a novel XUV photon spectrometer— ∙HarijyotiMandal1, Muwaffaq
Ali Mourtada1, Alexander Magunia1, Weiyu Zhang1, Yu He1, Hannes
Lindenblatt1, Florian Trost1, Lina Hedewig1, Cristian Medina1,
Arikta Saha1, Marc Rebholz1, Ulrike Frühling2, Carlo Kleine1, Ger-
gana D. Borisova1, Steffen Palutke2, Evgeny Schneidmiller2, Mikhail
Yurkov2, Stefan Düsterer2, Rolf Treusch2, Chris H. Greene3, Yimeng
Wang3, Robert Moshammer1, Christian Ott1, and Thomas Pfeifer1
— 1Max-Planck-Institut für Kernphysik, 69117 Heidelberg, Germany —
2Deutsches Elektronen Synchrotron DESY, 22607 Hamburg, Germany —
3Purdue University, West Lafayette, IN 47907, USA
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Extreme-ultraviolet (XUV) free-electron lasers (FELs) can be used for nonlinear
multiphoton excitation or ionization of atoms and molecules. Interfering path-
ways of the second harmonic of the FEL pulses can be used for coherent control
experiments, however their spectral content is typically not measured, which is
particularly important for stochastic FEL pulses with spectral fluctuations from
shot to shot. We present a novel XUV photon spectrometer capable of simulta-
neously measuring fundamental (ω) and second harmonic (2ω) of FEL spectra.
The spectrometer is installed at FLASH, Hamburg, and operates at a repetition
rate of 100 kHz. We use phosphor screens and out-of-vacuum imaging onto two
GOTTHARD detectors, allowing us to resolve the intrinsic spectral pulse struc-
ture of both ω and 2ω FEL pulses. Using a reaction microscope we measured
the three-dimensional momentum distributions of helium recoil ions by tuning
FLASH in the vicinity of intermediate singly excited states.

A 25.29 Wed 17:00 Tent A
Partial-wave representation of the strong-field approximation: length
versus velocity gauge — Fang Liu1,2,3, ∙Kefei Zou1,2,3, and Stephan
Fritzsche1,2,3 — 1Helmholtz Institute Jena, Fröbelstieg 3, 07743 Jena, Germany
— 2Theoretisch-Physikalisches Institut, Friedrich- Schiller-Universität Jena,
07743 Jena, Germany — 3GSI Helmholtzzentrum für Schwerionenforschung
GmbH, 64291 Darmstadt, Germany
The strong-field approximation (SFA) is a commonly used method to study ion-
ization of atoms by intense laser field. Recently, a reformulation of the SFA in
terms of partial waves expansion has been presented in [Phys. Rev. A 102, 053108
(2020)]. In this contribution, we investigate the above threshold ionization of
the atom driven by elliptically polarized light pulse. In addition, we calculate the

angular distribution of photoelectrons in both velocity and length gauge. Our
results show differences between the two gauges. Moreover, we find that the an-
gular distribution of the photoelectrons calculated in length gauge are in better
agreement with the experimental data than those from velocity gauge. This high-
lights the importance of choosing the gauge to perform theoretical calculations
in SFA.

A 25.30 Wed 17:00 Tent A
Active stabilization of a standing wave in a femtosecond enhancement cav-
ity with a cw laser interferometer — ∙Lukas Matt, Tobias Heldt, Lennart
Guth, Jan-HendrikOelmann, Thomas Pfeifer, and José R. Crespo López-
Urrutia — Max-Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117
Heidelberg
To study the strong field emission of electrons from metallic nanotips or noble
gases, we have developed a passive enhancement cavity for a frequency comb
at 1039 nm [1]. Two different coupling arms into the ring cavity allow counter-
propagating pulses to be timed to collide at the focus of the cavity forming a
standing wave. Different thermal fluctuations and vibrations of the two cou-
pling paths limit the stability of the standing wave. To maintain a stable phase
relationship between the standing wave and the nanotip target we designed an
active stabilization system using a narrow-band cw laser at 976 nm forming a
Michelson interferometer. The interference signal allows to lock the length dif-
ference using Pancharatnam’s phase via a piezo-actuated mirror [2]. We present
the technical realization of this system.
[1] J.-H. Oelmann et al., Rev. Sci. Instrum., 93(12), 123303 (2022).
[2] M. U. Wehner et al., Opt. Lett., 22(19), (1997)

A 26: Poster V
Time: Wednesday 17:00–19:00 Location: Tent C

A 26.1 Wed 17:00 Tent C
Experiments on highly charged ions from S-EBIT II — ∙Rex Simon1,2,3,
Tino Morgenroth1,2,3, Sonja Bernitt1,2,3, Sergiy Trotsenko2, Reinhold
Schuch1,4, and Thomas Stöhlker1,2,3 — 1Helmholtz Institute Jena, 07743
Jena, Germany — 2GSI Helmholtzzentrum für Schwerionenforschung GmbH,
64291 Darmstadt, Germany — 3IOQ, Friedrich-Schiller-University Jena, 07743
Jena, Germany — 4Department of Physics, Stockholm University, 106 91 Stock-
holm, Sweden
Exploring electron-ion interaction reveals fundamental insights into atomic
structures and plasma behaviours. Dielectronic recombination (DR) is one of
the crucial processes determining ion charge state balance. This knowledge not
only enhances theoretical understanding but is vital for accurate plasma diag-
nostics[1]. The electron beam ion trap S-EBIT II at the HITRAP ion trapping
and cooling facility will serve not only as an exceptional ion source but also op-
erate autonomously, making it a versatile tool for various experiments such as
cutting-edge experiments with extracted highly charged ions for measurements
of charge-changing processes, notably DR. Integration with the HITRAP beam
line, addresses the dynamic requirements of evolving experimental research.

References [1] Beilmann, C. et al. (2013). Multielectronic K-L intershell res-
onant recombination in Ar, Fe, and Kr ions. Phys. Rev. A, 88(6), 062706.

A 26.2 Wed 17:00 Tent C
Towards a potassium quantum gas miscroscope — ∙Scott Hubele1,2, Mar-
tin Schlederer1,2, Alexandra Mozdzen1,2, Guillaume Salomon1,2, and
HenningMoritz1,2 — 1Institute for Quantum Physics, University of Hamburg,
Hamburg, Germany — 2Hamburg Centre for Ultrafast Imaging, University of
Hamburg, Hamburg, Germany
Understanding many-body quantum systems, both in and out of equilibrium,
is often computationally challenging due to the large Hilbert space of the sys-
tems of interest. This makes quantum simulation very attractive, especially when
the relevant observables and their correlations can be measured directly. The
Bose-Hubbardmodel for instance, which describes interacting bosons in lattices,
can be well simulated using ultracold atoms loaded into optical lattices. High-
resolution imaging can then be used to resolve the occupation of each lattice site,
in what is known as a quantum gas miscroscope.

Here, we present our progress towards building a quantum gasmicroscope us-
ing ultracold potassium-39, to study the Bose-Hubbard model in 2D. We create
an interfering 2D optical lattice by sending a single 1064nm beam twice through
the science chamber at orthogonal angles, and retroreflecting it. A shallow an-
gle vertical lattice is used to confine the atoms along the z direction. After some
time evolution, a high-NA objective will then used to collect fluorescence from
the atoms using Raman sideband imaging. Characterization of our optical lat-
tices is presented as well as progress towards single-site resolved imaging.

A 26.3 Wed 17:00 Tent C
Microwave control of Rydberg pair states — ∙Shuanghong Tang, Fabio
Bensch, Philip Osterholz, Lea-Marina Steinert, Arno Trautmann, and
Christian Gross— Eberhard Karls Universität, Tübingen, Germany
Quantum simulator based on Rydberg atoms is a powerful tool to study quan-
tum many-body behaviors. An experimental system with single potassium-39
atoms placed in 2D arrays of optical tweezers with sophisticated resorting algo-
rithm allows us to use microwave to control the interactions of defect-free Ry-
dberg atom array. Here, we present our two-photon excitation scheme and the
microwave engineering potential of Rydberg states. With the implementation of
the microwave, we are able to couple the different Rydberg states and engineer
the potential between them.

A 26.4 Wed 17:00 Tent C
Penetration of s-holes via VU-LVa light — ∙Annbuhlika kom Fan, Claire
Anlage, Andi Macht, and Balude Erbeer — Mahatma University of Fake,
Chennai Street 5
In past VU-LVa light as shown great performance of stripping s-holes of vari-
ous elements from light metals to heavy interacting species. Compared to UV
its complicated but more successful in penetrating s-holes as will be presented.
Generation, propagation and annhilation of VU-LVa light is discussed in the
progress of s-holes penetration is shown via an Iron-Y2-system. Possibillity of
use in Gl0-RY hole mechanism is discussed.

A 26.5 Wed 17:00 Tent C
The way towards low-energy, heavy, highly charged ions: the Hitrap de-
celeration facility — ∙Nils Stallkamp for the Hitrap-Collaboration — GSI
Helmholtzentrum für Schwerionenforschung GmbH, Darmstadt — Institut für
Kernphysik, Goethe Universität Frankfurt am Main
The HITRAP facility, located at the GSI Helmholtzzentrum für Schwerionen-
forschung in Darmstadt, is designed to decelerate and cool heavy, highly charged
ions (HCI) created by the GSI accelerator complex and make them accessible
at low energies for precision experiments. The system consists of a two-stage
deceleration structure, an interdigital H-type linac (IH) and a radio-frequency
quadrupole (RFQ), followed by a cryogenic Penning-Malmberg trap for subse-
quent ion cooling. The deceleration stages reduce the ion energy from 4MeV/u
to 500 keV/u and to 6 keV/u respectively, before forwarding a slow, but hot ion
bunch towards the cooling trap. The trap is operated in a so-called nested con-
figuration, in which the electrons, created by an external photo-electron source,
are stored simultaneously with the HCI and serve as cold thermal bath.
Recently, the first indications of electron cooling of locally-produced HCI in a
Penning trap could be achieved, a major milestone towards heavy HCI at eV
and sub-eV energies. We will present the current status of those measurements
as well as upcoming steps for further systematic studies of the cooling process.
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A 26.6 Wed 17:00 Tent C
ORKA - Design of a cavity enhanced optical dipole trap for the preparation
of a Rb87 BEC — ∙Marius Prinz, Jan Eric Stiehler, Marian Woltmann,
and SvenHerrmann—Center of Applied Space Technology and Microgravity
(ZARM), University of Bremen, Germany
The LASERs commonly used in optical traps for evaporative cooling to prepare
ultra-cold atoms and generate BECs usually come with the downside of a high
power budget. A more energy efficient and compact solution for optical dipole
traps is to resonantly enhance a low-power trapping laser in a bow tie cavity. In
the ORKA project we aim to exploit this to generate a crossed optical dipole trap
for preparation of a Rb87 BECwith an input laser power <50mW. This allows for
an experimental setup with a reduced space- and power-budget as compared to
commonly used dipole traps, so it can be used for matter-wave-interferometry
and microgravity experiments at the Bremen Gravitower Pro. Here we present
the properties of our bow tie cavity and the experiment design compatible with
the constraints of operation in a drop tower capsule. Our simulations predict an
optical dipole trap suitable for BEC preparation with an input power <10 mW
using a bow tie cavity with a finesse of >15k for both 780nm and 1064nm. The
ability to manipulate the atoms with near resonant light inside the cavity opens
up a further avenue for interesting future research. The ORKA project is sup-
ported by the German Space Agency DLR with funds provided by the Federal
Ministry for Economic Affairs and Climate Action under grant number DLR 50
WM 2267.

A 26.7 Wed 17:00 Tent C
Data analysis solution for axion dark matter research — ∙Yuzhe Zhang1,
Julian Walter1, and Declan Smith2 for the CASPEr-Collaboration —
1Helmholtz-Institut, GSI Helmholtzzentrum fuer Schwerionenforschung, 55128
Mainz, Germany — 2Department of Physics, Boston University, Boston, MA
02215, USA
Axions, originally proposed as a solution to the strong-CP problem, have become
a dark matter candidate. Theory predicts that the axion field has three kinds
of non-gravitational couplings to standard-model particles: the axion-photon,
axion-gluon and axion-fermion couplings. These couplings will generate charac-
teristic signals in axion haloscopes. Here, we present the data analysis procedure
used in two experiments: Search for Halo Axions with Ferromagnetic Toroids
(SHAFT) [1] and Cosmic Axion Spin Precession Experiment (CASPEr) [2]. The
analysis not only includes commonly-used signal processing techniques, but also
takes advantage of the expected axion lineshape to further increase the signal-
to-noise ratio. This work is of potential interest to general axion and other exotic
physics research since the data analysis procedure can be tailored to different
experiments by specifying the expected signal*s spectral signature.

[1] A. V. Gramolin, D. Aybas, D. Johnson, J. Adam, A. O. Sushkov, Nature
Physics 2021, 17, 1 79.
[2] D. Budker, P.W. Graham, M. Ledbetter, S. Rajendran, A. O. Sushkov, Phys.

Rev. X 2014, 4.

A 26.8 Wed 17:00 Tent C
Rymax one: A neutral atom quantum processor to solve optimization prob-
lems — Tobias Ebert1, ∙Jonas Witzenrath2, Benjamin Abeln1, Silvia
Ferrante1, Kapil Goswami1, Jonas Gutsche2, Hendrik Koser1, Rick
Mukherjee1, Jens Nettersheim2, Jose Vargas1, Niclas Luick1, Thomas
Niederprüm2, Dieter Jaksch1, Henning Moritz1, Herwig Ott2, Peter
Schmelcher1, Klaus Sengstock1, and Artur Widera2 — 1University of
Hamburg, 22761 Hamburg, Germany — 2RPTU Kaiserslautern-Landau, 67663
Kaiserslautern, Germany
From efficient distribution of workload in industrial manufacturing plants to
short vehicle routes for parcel delivery - computationally hard optimization
problems are a crucial part of our modern society. While finding solutions using
classical solvers requires substantial computational resources, quantum proces-
sors promise to yield better solutions in less time.

To explore the potential of quantum computing for real-world applications
we are building Rymax One (www.rymax.one), a quantum processor specifically
designed to solve hard optimization problems. By using ultracold neutral Ytter-
bium atoms trapped in arbitrary arrays of optical tweezers, we aim for hardware-
efficient encoding of optimization tasks. The level structure of 171Yb provides
qubit realizations with long coherence times, Rydberg-mediated interactions and
high-fidelity gate operations, allowing us to realize a scalable platform for quan-
tum processing. On that we will explore the performance of novel quantum al-
gorithms to tackle real-world problems.

A 26.9 Wed 17:00 Tent C
Towards Spin-Resolved SingleAtomDetection inDisorderedMany-BodyRy-
dberg Systems — ∙Valentina Salazar Silva, Eduard Braun, Sebastian
Geier, Gerhard Zürn, and Matthias Weidemüller — Physikalisches In-
stitut, Heidelberg, Deutschland
Rydberg systems remain a key tool in many areas of research due to their unique
properties arising from highly excited electronic states. The mapping of many-
body spin systems onto tunable Rydberg states has so far allowed for the ob-

servation of unique phenomena, such as the stretched relaxation dynamics of
disordered spin systems on intermediate timescales, which cannot be accurately
described by mean-field theory. These findings could be explained by an emer-
gent integrability, where the dynamics are governed by pairs composed of near-
est neighbor spins. Until now, all the diagnostics have been based on measur-
ing average quantities like densities and magnetization. The next step, building
upon our latest results, is to study this emergence of integrability at a micro-
scopic level by enabling local access to pair-correlations. The spatial and spin
resolution of single atoms can be achieved by adapting a standard fluorescence
imaging scheme, as it has been demonstrated for localized Lithium atoms in a
two-dimensional plane. In the case of the heavier Rubidium atoms and under
similar conditions, we expect a significant performance improvement. Here we
discuss the theoretical calculations and first considerations for the designing of
an efficient fluorescence imaging setup, taking direct advantage of the Rydberg-
manifold, as well as necessary adaptations for the resolving of correlation func-
tions.

A 26.10 Wed 17:00 Tent C
High-performance optical clocks based on 171Yb+ — Martin Steinel,
Melina Filzinger, ∙Saaswath JK, Jian Jiang, Ekkehard Peik, and Nils
Huntemann — Physikalisch-Technische Bundesanstalt, Braunschweig, Ger-
many
Optical clocks based on narrow-linewidth electronic transitions of trapped ions
are employed in various high-precision experiments probing the limits of our
current understanding of physics. The 171Yb+ ion is particularly suited to these
measurements, because it provides two transitions with large sensitivity to vari-
ations of fundamental constants and low sensitivity to external perturbations.
Comparisons of its 2S1/2 −

2D3/2 electric quadrupole (E2) and
2S1/2 −

2F7/2 elec-
tric octupole (E3) transition currently provide most stringent limits on potential
variations of the fine structure constant and constrain the coupling between nor-
mal matter and ultra-light dark matter.

The systematic uncertainty of high-performance 171Yb+ optical clocks oper-
ated at room temperature has so far been limited by the uncertainty in the sensi-
tivity of the transitions to thermal radiation Δα. For the 88Sr+ ion, Δα has been
measured with significant lower uncertainty. We employ this by using the 88Sr+
as a temperature sensor and determine it’s clock transition frequency with record
accuracy. In addition, we calibrate the intensity of an infrared laser with a single
88Sr+ ion. Measurements of the induced frequency shift of an 171Yb+ ion at the
same position in the beam provides the corresponding Δα. This way, we largely
reduce the uncertainty achievable with 171Yb+ ion clocks.

A 26.11 Wed 17:00 Tent C
QuantumMonte Carlo simulations of hardcorde bosons with repulsive dipo-
lar density-density interactions on two-dimensional lattices— ∙Robin Rüdi-
ger Krill1,2, Jan Alexander Koziol2, Calvin Krämer2, Anja Langheld2,
Giovanna Morigi1, and Kai Phillip Schmidt2 — 1Theoretical Physics,
Universität des Saarlandes, 66123 Saarbrücken, Germany — 2Department of
Physics, Friedrich-Alexander-Universität Erlangen-Nürnberg, Staudtstraße 7,
Germany
We apply stochastic series expansion quantumMonte Carlo simulations to deter-
mine ground-state properties of frustrated long-range hardcore Bose-Hubbard
lattice models in two dimensions. Recent investigations of such systems with
mean-field approaches indicate rich quantum phase diagrams including a devil’s
staircase of solid phases and a plethora of exotic lattice supersolids [1,2]. The
quantum Monte-Carlo approach allows us to extend this mean-field study by
fully incorporating quantum fluctuations, and thus to analyse the interplay
among frustration, long-range interactions, and quantum fluctuations. [1] J.A
Koziol, A.Duft, G.Morigi, K.P. Schmidt, SciPost Phys. 14, 136 (2023)
[2] J.A Koziol, G.Morigi, K.P. Schmidt, arXiv:2311.10632 (2023)

A 26.12 Wed 17:00 Tent C
Signatures of IR-laser dressing in coherent diffractive imaging — ∙Tom von
Scheven, Björn Kruse, BjarneMergl, Christian Peltz, and Thomas Fen-
nel — Institute of Physics, University of Rostock, Albert-Einstein-Str. 23-24,
D-18059 Rostock, Germany
Single-shot coherent diffractive imaging (CDI) enables the capture of a full
diffraction image of a nanostructure using a single flash of XUV or X-ray light.
The resulting scattering image encodes both the geometry and the optical prop-
erties of the target. So far, this method has mainly been employed for ultrafast
structural characterization [1]. However, CDI can also be utilized to resolve ul-
trafast optical property changes caused by e.g. transient excitation from nonlin-
ear scattering [2], or by illumination with a second ultra-short laser pulse.

Here, we explore the expected signatures for the latter case theoretically, where
simultaneous exposure to a strong IR field can induce transient optical proper-
ties. To this end, the effective optical properties emerging from the laser dressing
must be determined and used to describe the resulting scattering process, which
we model using the well-known Mie-solution. We extract the effective optical
properties from the dipole response of a local quantum description based on an
atom-like solution of the time-dependent Schrödinger equation. The identifica-
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tion of the states and processes responsible for these properties and the corre-
sponding features in the diffraction image is performed by a systematic compar-
ison with results for a few-level system.

[1] I. Barke et al., Nat. Commun. 6, 6187 (2015)
[2] B. Kruse et al., J. Phys.: Photonics 2, 024007 (2020)

A 26.13 Wed 17:00 Tent C
Exploration of Supersolidity in Spin-Orbit Coupled Bose-Einstein Conden-
sates— ∙SarahHirthe, VasiliyMakhalov, RémyVatré, CraigChisholm,
Ramón Ramos, and Leticia Tarruell—ICFO - The Institute of Photonic Sci-
ences, Castelldefels, Spain
A Supersolid is an exotic phase of matter that combines seemingly opposing
characteristics of solids and superfluids. It displays spontaneous translational
symmetry breaking manifesting in crystalline order, while also possessing su-

perfluid properties like frictionless flow. Although originally predicted over fifty
years ago in the context of solidHelium, supersolidity was first observed only few
years ago using ultracold atoms. In these systems, various approaches like cavity-
mediated interactions, dipolar interactions, or optically induced spin-orbit cou-
pling can cause the spontaneous breaking of translational symmetry. Here, we
characterize supersolidity in a spin-orbit coupled Bose-Einstein condensate of
potassium. This dressed system displays an engineered single-particle disper-
sion relation with two minima at distinct momenta. Matter-wave interference
between the condensates in the two minima gives rise to a density modulation,
thus realizing the so-called supersolid stripe phase. We are able to observe this
spontaneous stripe pattern in-situ, by employing a matter-wave lensing tech-
nique to magnify the density. Furthermore, we characterize the collective modes
of our system. In particular, we observe a softening of the spin dipole mode for
increasing coupling strength.

A 27: Precision Spectroscopy of Atoms and Ions III (joint session A/Q)
Time: Thursday 11:00–13:00 Location: HS 1010

A 27.1 Thu 11:00 HS 1010
Resolved sideband spectroscopy of cold mixed ioncystals of Ca+ and
Th+ — ∙Azer Trimeche1, Can Leichtweiss1, Jonas Stricker2,3, Va-
lerii Andriushkov1,2, Dmitry Budker1, Christoph E. Düllmann2,3,4,
and Ferdinand Schmidt-Kaler1 — 1QUANTUM, Institut für Physik, Jo-
hannes Gutenberg-Universität Mainz, Germany — 2Helmholtz-Institut Mainz,
Germany — 3Department Chemie - Standort TRIGA, Johannes Gutenberg-
Universität Mainz, Germany — 4GSI Helmholtzzentrum für Schwerionen-
forschung GmbH, Darmstadt, Germany
Thorium isotopes became of high interest in the search for new physics, and fun-
damental physics tests, because of their unique nuclear and atomic properties.
The Trapping And Cooling of Thorium Ions in Calcium crystals (TACTICa)
project develops ion trapping and spectroscopic techniques for a precise deter-
mination of the nuclear moments, hyperfine intervals, and isotope shifts with
different Th isotopes. For the production, we use two different sources: a recoil
ion source [1] and a laser ablation source [2]. 232Th+ ions are trapped in a 40Ca+
crystal [2], and cooled down sympathetically by polarization gradient cooling
[3]. We implement resolved sideband spectroscopy of mixed Ca-Th ion crystals
as a starting point for resolved sideband ground state cooling of crystals with
extreme charge-to-mass ratio difference and quantum logic spectroscopy of Th
ions.

[1] R. Haas et al., Hyperfine interactions 241 (2020) 25.
[2] K. Groot-Berning et al., PRA 99 (2019) 023420.
[3] W. Li et al., NJP 24(4) (2022) 043028.

A 27.2 Thu 11:15 HS 1010
High-resolution spectroscopy of fermium-255 at the RISIKO mass separa-
tor— ∙MitziUrquiza-González for the Fermium-Collaboration—Division
HÜBNER Photonics, Hübner GmbH & Co KG, 34123 Kassel, Germany
Laser spectroscopy measurements can provide information about fundamental
properties of both atomic and nuclear structure. Such measurements are of par-
ticular importance for the heaviest actinides and superheavy elements, where
data is sparse. During the last measurement campaign at the RISIKO mass sep-
arator facility in the Institute of Physics in the Johannes Gutenberg University
Mainz (JGU), nine successive samples, consisting of 108 to 109 atoms, were used
to study the atomic and nuclear structure of 255Fm (Z=100).

This presentation will focus on the hyperfine structure (HFS) of 255Fm for two
different excited levels, from which the hyperfine coupling constants have been
determined.

A 27.3 Thu 11:30 HS 1010
Hyperfine Spectroscopy of Single Molecular Hydrogen Ions in a Penning
Trap at Alphatrap — ∙C. M. König1, M. Bohman1, V. Hahn1, F. Heisse1,
I. V. Kortunov2, A. Kulangara Thottungal George1, J. Morgner1, F.
Raab1, T. Sailer1, K. Singh1, B. Tu1,3, V. Vogt2, K. Blaum1, S. Schiller2,
and S. Sturm1 — 1Max-Planck-Institut für Kernphysik, 69117 Heidelberg —
2Institut für Experimentalphysik, Univ. Düsseldorf, 40225 — 3Institute of Mod-
ern Physics, Fudan University, Shanghai 200433
Molecular hydrogen ions (MHI) are a simple system allowing the comparison of
high-precision measurements to state-of-the-art QED theory, testing the valid-
ity of the latter. At Alphatrap [1], we can isolate and confine a single MHI for
months and perform high-precision spectroscopy using non-destructive quan-
tum state detection.
I will present the results of hyperfine structure measurements on a single HD+

ion. From these, the bound д factor of the constituent particles, as well as coef-
ficients of the hyperfine Hamiltonian can be extracted. The latter are important
for a better understanding of rovibrational spectroscopy performed on this ion,
from which fundamental constants, such as mp/me are determined to highest

precision [2].
We are currently upgrading our trap for single-ion rovibrational laser spec-
troscopy of MHI. The development of these techniques is one of the required
steps towards spectroscopy of an antimatter H

−
2 ion [3].

[1] S. Sturm et al., Eur. Phys. J. Spec. Top. 227, 1425*1491 (2019)
[2] I. V. Kortunov, et al., Nature Physics vol 17, 569*573 (2021)
[3] E. Myers, Phys. Rev. A 98, 010101(R) (2018)

A 27.4 Thu 11:45 HS 1010
MMC Array to Study X-ray Transitions in Muonic Atoms — ∙Daniel
Unger, Andreas Abeln, Thomas Elias Cocolios, Ofir Eizenberg, Chris-
tian Enss, Andreas Fleischmann, Loredana Gastaldo, Cesar God-
inho, Michael Heines, Daniel Hengstler, Paul Indelicato, Daniel
Kreuzberger, Klaus Kirch, Andreas Knecht, Jorge Machado, Ben
Ohayon, Nancy Paul, Randolf Pohl, Katharina von Schoeler, Ster-
giani Marina Vogiatzi, and Frederik Wauters — for the QUARTET Col-
laboration
The QUARTET collaboration aims to improve the accuracy of absolute nuclear
charge radii of light nuclei fromLi toNe. A proof-of-principlemeasurementwith
lithium, beryllium and boron has recently been performed at the Paul Scher-
rer Institute. Conventional solid-state detectors do not provide sufficient accu-
racy in the relevant energy range. We use a low temperature Metallic Magnetic
Calorimeter (MMC) array for high-precision X-ray spectroscopy of low-lying
states in muonic atoms. MMCs are characterized by a high resolving power of
several thousand and a high quantum efficiency in the energy range of interest.
We present the experimental setup and the performance of the detector used.
We discuss the first preliminary spectra and systematic effects in this first mea-
surement. The obtained data in combinationwith the achieved energy resolution
and calibration should allow amore precise characterization of themuonic X-ray
lines. With the knowledge gained, a significant improvement in the determina-
tion of nuclear charge radii is expected.

A 27.5 Thu 12:00 HS 1010
Advancing RAdiation Detected Resonance Ionization towards more exotic
nuclei— ∙Kenneth van Beek for the RadrisCollaboration—TUDarm-
stadt
Experimental data on atomic and nuclear properties for exotic nuclei in the heavy
actinide region (Z ≥ 100) remains scarce up to date. The RAdiation Detected
Resonance Ionization Spectroscopy (RADRIS) apparatus, located at GSI, Darm-
stadt, Germany, is employed to determine such quantities — such as energy lev-
els, ionization potentials, moments, mean-square charge radii, and isotope shifts.
Past measurements at RADRIS encompassed the study of 245,246,248−250,254Fm
and 251−255No. In the current design of the setup the detection of laser ions via
their α-decay for nuclei with half-lives in the order of several hours to tens of
hours becomes impractical. This presentation will show already obtained re-
sults by RADRIS and how future improvements will increase the methods reach
towards longer-lived nuclei. This will allow accessing, e.g., 246Cf (35.7 h) and
252Fm (25.39 h). The latter is of special interest, as it lies directly at the N = 152
shell gap in the fermium isotopic sequence, thus closing the gap between already
studied isotopes on the neutron-rich and on the neutron-poor side.

A 27.6 Thu 12:15 HS 1010
Electron Optical Systems for High-Resolution Electron Time-of-Flight Spec-
trometer— ∙NiclasWieland1, Lars Funke2, LasseWülfing2, ArneHeld2,
Sara Savio2, Markus Ilchen1, and Wolfram Helml2 — 1Universität Ham-
burg, Insitut für Experimentalphysik — 2Technische Universität Dortmund,
Fakultät Physik
Angular streaking allows resolving the sub-femtosecond temporal structure of
SASE free-electron laser pulses. A circularly polarized infrared laser imprints a
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phase-dependentmomentum shift onto the photoelectron spectra of a gas target.
Angle-resolving time-of-flight spectrometers can be used to resolve these. The
latter devices typically consist of electron optics, a drift section, and a detector.
Parameters such as energy resolution and energy-dependent transmission for
the whole system can be determined by simulation. In this talk, we present the
finalized simulation-supported spectrometer design used inside our new cham-
ber for the SpeAR_XFEL project. Furthermore, we will introduce the possibility
of adaptive electron optics in our spectrometer using the popular open-source
computing platform FEniCSx to further increase the achievable resolution and
transmission by applying optimizer-determined voltage sets to our optics. Gain-
ing insight into electron trajectories using precise simulations appears to be an
efficientway to improve the overall performance of such experiments-Wepresent
our progress in terms of electrode design and applied voltages for a 0-3 keV elec-
tron energy spectrum to further develop spectrometer research in this field.

A 27.7 Thu 12:30 HS 1010
Calorimetric wire detector for monitoring atomic hydrogen beam— Chris-
tian Matthé, ∙Alec Lindman, and Sebastian Böser for the Project 8-
Collaboration — Johannes Gutenberg Universität, Mainz
The Project 8 collaboration aims to determine the absolute neutrino mass with a
sensitivity of 40 meV by measuring the tritium decay spectrum around the end-
point energy. For this level of precision it is necessary to use atomic tritium, since
molecular tritium sensitivity is limited by the molecular final state distribution
to about 100 meV.

A flux of ≈ 1019atoms/s from the source will be required to inject a beam
with ≈ 1015atoms/s into the detection volume after cooling and state selection

inefficiencies. For monitoring this beam, we have built a detector that uses a
wire with a micrometer-scale diameter intersecting the beam on which a small
fraction of the beam’s hydrogen atoms recombine into molecules. The energy
released heats the wire and produces a measurable change in its resistance. Such
a detector is suitable for both development work and for minimally disruptive
online monitoring in the final experiment. In this talk results will be presented
on measurements of the atomic hydrogen fraction as well as the shape of the
produced beam.

A 27.8 Thu 12:45 HS 1010
Comparison of Sr lattice clocks from Japan, UK, and Germany — ∙Tim
Lücke1, Clock Teams1,2,3,4,8, and Link Teams1,2,5,6,7 — 1PTB, Braunschweig,
Deutschland — 2NPL, London, UK — 3RIKEN, Tokyo, Japan — 4University of
Tokyo, Tokyo, Japan — 5LNE-SYRTE, Paris, France — 6LPL, Paris, France —
7RENATER, Paris, France — 8University of Birmingham, Birmingham, UK
We present a measurement campaign investigating the agreement of state-of-
the-art optical clocks from Japan and Europe. Two transportable Sr lattice clocks
from RIKEN in Japan [1] and PTB in Germany were compared with the station-
ary Sr clocks atNPL in London [2] and PTB in Braunschweig. In addition to local
comparisons an interferometric fiber [3] link was used to compare the clocks re-
motely. The data will also be analyzed with respect to chronometric leveling as a
geodetic application.
[1] M. Takamoto et al., Nat. Photonics 14, 411-415 (2020).
[2] R. Hobson et al., Metrologia 57 065026 (2020).
[3] M. Schioppo et al., Nat. Commun. 13, 212 (2022).

A 28: Ultra-cold Atoms, Ions and BEC II (joint session A/Q)
Time: Thursday 11:00–13:00 Location: HS 1098

A 28.1 Thu 11:00 HS 1098
Realization of the 88Sr fine-structure qubit: The building block for a
500-qubit quantum computer demonstrator (QRydDemo) — ∙Govind
Unnikrishnan1, Jennifer Krauter1, Philipp Ilzhöfer1, Ratnesh Ku-
mar Gupta1, Jiachen Zhao1, Achim Scholz1, Christian Hölzl1,
Aaron Götzelmann1, Sebastian Weber2, Nastasia Makki2, Hans Peter
Büchler2, Jürgen Stuhler3, Florian Meinert1, and Tilman Pfau1 — 15.
Physikalisches Institut and Center for Integrated Quantum Science and Tech-
nology, Universität Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany —
2Institute for Theoretical Physics III and Center for Integrated Quantum Science
and Technology, Universität Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Ger-
many — 3Toptica Photonics AG, 82166 Gräfelfing, Germany
The QRydDemo project aims to realize a quantum computer demonstrator with
500 qubits based on the novel fine-structure qubit encoded in the metastable
triplet manifold of 88Sr, which enables fast gates (100 ns) and a long coherence
time (10 ms). Here, we demonstrate the first step towards this goal by realiz-
ing preparation, readout and coherent operations on the fine-structure qubit. In
addition to driving Rabi oscillations bridging an energy gap of 17 THz, we also
carry out Ramsey spectroscopy with which we extract the coherence time T2 in
our system. A full quantum mechanical model is used to simulate our experi-
ments by including noise sources to identify the main constraints limiting our
coherence time and project improvements to our system in the immediate future.

A 28.2 Thu 11:15 HS 1098
Dysprosium Quantum Gas Microscope — ∙Kevin Ng, Fiona Hellstern,
Jens Hertkorn, Paul Uerlings, Lucas Lavoine, Ralf Klemt, Tim Langen,
and Tilman Pfau— 5. Physikalisches Institut and Center for Integrated Quan-
tum Science and Technology IQST, Universität Stuttgart
With quantum gas microscopy providing access to study particle interactions
and correlations on the microscopic scale, engineering analogues to simulate
and understand solid state systems with a high degree of control has become
possible. Although single atoms can be trapped and imaged in optical lattices,
most existing quantum gas microscopes trap and image atoms using light with
relatively long wavelengths, and where only short-range contact interactions ex-
ist between atoms. Here, we present our progress toward building a quantum gas
microscope with dysprosium atoms that will be trapped in lattices using ultravi-
olet (∼ 360nm) light, where enhanced anisotropic dipolar interactions compete
with tunable inter-site particle tunnelling and on-site interactions. Owing to the
enhanced dipolar interaction strength between dysprosium atoms in optical lat-
tices of such a short wavelength, our quantum gas microscope opens up the pos-
sibility to observe novel phases of matter in a variety of lattice geometries. Our
planned experimental setup and initial steps toward characterising the trapping
properties of dysprosium at 360nm will be presented.

A 28.3 Thu 11:30 HS 1098
Stabilization of a paramatrically driven BEC: an open quantum system
approach — ∙Larissa Schwarz, Simon B. Jäger, and Sebastian Eg-
gert — Physics Department and Research Center OPTIMAS, University of
Kaiserslautern-Landau, Germany
We theoretically analyze the effects of periodically modulated repulsive interac-
tions in a Bose-Einstein condensate (BEC) that features intrinsic dampingmech-
anisms. We derive a master equation describing the dynamics of the momentum
modes of the BEC in the parameter regime of weak driving strengths. Above a
threshold for the modulation strength we find that the BEC becomes unstable.
Below this threshold the combination of damping and periodic driving guides
the system into a stationary state that shows an enhancement of fluctuations for
specific momentum modes that can be controlled by the driving frequency. We
analyze the stationary state of these fluctuations, quantify the condensate deple-
tion and analyze the squeezed and anti-squeezed quadratures generated by the
parametric driving, emphasizing the possibility to generate non-classical states
of matter.

A 28.4 Thu 11:45 HS 1098
Collisional energy effects on atom-ion Feshbach resonances — ∙Fabian
Thielemann1, Joachim Siemund1, Daniel Hönig1, Wei Wu1, Krzystof
Jachymski2, ThomasWalker1,3, and Tobias Schaetz1 — 1Physikalisches In-
stitut, Albert-Ludwigs Universität Freiburg — 2Faculty of Physics, University of
Warsaw — 3Blackett Laboratory, Imperial College, London
Collisions between particles are at the heart of many physical and chemical pro-
cesses. The ability to control them down to the single quantum level is crucial to
understanding the constituents and their interaction. We use our hybrid setup to
combine a single Ba+138 ion with a cloud of ultra-cold, spin-polarized Li6 near de-
generacy. We investigate the transition from the classical to the quantum regime
of collisions and show to what extent individual atom-ion Feshbach resonances
of this combination depend on the collisional energy. With the help of a quan-
tum recombination model, we make first steps towards distinguishing between
resonances that occur due to different open-channel partial-wave contributions.

A 28.5 Thu 12:00 HS 1098
A quantum-gas microscope for ultracold strontium atoms—Sandra Buob1,
Jonatan Höschele1, Vasiliy Makhalov1, ∙Antonio Rubio-Abadal1, and
Leticia Tarruell1,2 — 1ICFO - Institut de Ciències Fotòniques, The Barcelona
Institute of Science and Technology, 08860 Castelldefels (Barcelona), Spain —
2ICREA, Pg. Lluís Companys 23, 08010 Barcelona, Spain
Quantum-gasmicroscopes offer novel observables to study quantummany-body
systems, but have so far been mostly restricted to alkali atoms. Alkaline-earth
species, like strontium, offer a range of desirable features, due to their electronic
structure, which can significantly expand the toolbox of Hubbard-type quantum
simulation.
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In this talk, I will present the realization of site-resolved imaging of a quantum
gas of bosonic strontium in a clock-magic optical lattice. We realize fluorescence
imaging via the blue 461-nm transition and simultaneous attractive Sisyphus
cooling via the narrow 689-nm intercombination line. From the raw fluores-
cence images, we are able to reconstruct the atomic occupation with fidelities
above 95%. Our experiment opens the door to future microscopic studies of the
dissipative Bose-Hubbard model, as well as SU(N) fermions.

A 28.6 Thu 12:15 HS 1098
Phase-Stable Traveling Waves Stroboscopically Matched for Super-Resolved
Observation of Trapped-Ion Dynamics — ∙Florian Hasse, Deviprasath
Palani, Apurba Das, Frederike Doerr, Leon Goepfert, Ole Pikkemaat,
Ulrich Warring, and Tobias Schaetz — Institute of Physics, University of
Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg, Germany
We introduce an approach, creating andmaintaining the coherence of four oscil-
lators: a global microwave reference field, a polarization-gradient traveling-wave
pattern of light, and the spin andmotional states of a single trapped ion. The fea-
tures of our method are showcased by probing the 140-nm periodic light pattern
and stroboscopically tracing dynamical variations in position and momentum
observables with noise floors of 1.8(2) nm and 8(2) zμNs, respectively.

We are currently expanding our methods towards non-classical squeezed
states to realize the transfer of spatial entanglements, present in multimode
squeezed states, into the robust electronic degrees of freedom (DOF) of multiple
ions. For this we switch the trapping potential of two 25Mg+ ions fast enough to
induce a non-adiabatic change of the ions’motionalmode frequencies, preparing
the ions in a squeezed state of motion, accompanied by the formation of entan-
glement in the ions’ motional DOF. This is a promising ansatz to study analogs
of physics of the early universe, as particle pair creation during cosmic inflation,
and relativistic quantum effects, e.g., Hawking radiation.

A summary of our previous work is published on Arxiv:
https://arxiv.org/abs/2309.15580

A 28.7 Thu 12:30 HS 1098
Fractional angular momentum quantization in Atomtronic circuits —
∙Wayne Jordan Chetcuti1, Juan Polo1, Andreas Osterloh1, and Luigi
Amico1,2,3 — 1QuantumResearchCenter, Technology Innovation Institute, P.O.
Box 9639 Abu Dhabi, UAE— 2Dipartimento di Fisica e Astronomia and INFN-
Sezione di Catania, Via S. Sofia 64, 95127 Catania, Italy — 3Centre for Quantum
Technologies, National University of Singapore 117543, Singapore

In this talk, I showcase the latest results for bosonic and fermionic matter-wave
circuits in the context of Atomtronics. For attractively interacting bosons, the
system sees the formation of bound states, which are the quantum analogs of
bright solitons found in the mean-field regime. Considering the full many-body
regime allows us access to a new phenomenology arising from the strong cor-
relations in the system. Specifically, for a ring geometry pierced by a synthetic
gauge field, we find that the angular momentum quantization per particle ac-
quires fractional values depending on the number of particles constituting the
bound state. The phenomenon of fractionalization manifests as new plateaus in
the angular momentum and presents potentially important applications in the
field of metrology and sensing. Analogous phenomenology is found in SU(N)
fermionic systems in similar configurations. However, the physical origin of the
angularmomentum quantization present in these systems depends on the nature
of the interactions, be they repulsive or attractive. The feature of fractionalization
has promising applications to interferometry using these massive bound states
in fermionic and bosonic systems.

A 28.8 Thu 12:45 HS 1098
Magnetic field shielding and rotation stabilisation in the Einstein-Elevator
— ∙AlexanderHeidt—Institut für Transport- und Automatisierungstechnik,
Hannover, Deutschland
There is an increasing focus on the exploration of space, its potential colonisa-
tion and the use of its advantages for fundamental physical research. To make
this possible, technologies are required that work in microgravity. The Einstein-
Elevator was developed and built out of the motivation to research technologies
suitable for space. It is also able to simulate various gravity conditions. Nu-
merous projects from various disciplines are currently being worked on, such
as from mechanical engineering to develop new production processes and from
physics to carry out basic research into atomic interferometry. One of these is
the INTENTAS project, which aims tomeasure the entanglement of atoms inmi-
crogravity. The ”spin-exchange collisions” method is used here, whereby weak
magnetic field fluctuations can prevent such entanglement of atoms. In order to
ensure this entanglement reliably, a magnetic field fluctuation of a few nanotesla
is required. For this reason, a magnetic shield was designed as part of the project
that suppresses magnetic field fluctuations in the Einstein-Elevator (10 *T) to a
few nanotesla. On the other hand, the DESIRE project aims to find evidence of
dark energy. However, the setup is sensitive to rotations, so the Einstein-Elevator
has been extended with reaction wheels to compensate for any rotations that oc-
cur.

A 29: Ultra-cold Atoms, Ions and BEC III (joint session A/Q)
Time: Thursday 14:30–16:30 Location: HS 1010

A 29.1 Thu 14:30 HS 1010
ATOMIQ: An easy-to-use abstarction layer for ARTIQ — ∙Suthep
Pomjaksilp1, Christian Hölzel2, Florian Meinert2, Herwig Ott1, and
Thomas Niederprüm1 — 1Department of Physics and research center OP-
TIMAS, Rheinland-Pfälzische Technische Universität Kaiserslautern-Landau,
Kaiserslautern, Germany — 25th Institute of Physics, Universität Stuttgart,
Stuttgart, Germany
In recent years, the emergence of a vast landscape of quantum technology ex-
periments created a still growing demand for high perfomance experiment con-
trol systems. In contrast to proprietary systems, the Sinara hardware and ARTIQ
software ecosystem are fully open-sourcewhile reaching nanosecond timing per-
formance. Yet, the subset of Python commands used by ARTIQ predominantly
describes hardware like digital frequency synthesizers, DACs andADCs, making
it time-consuming to implement experimental sequences.

The ATOMIQ framework aims to bridge the gap between this hardware and
entities familiar to experimental physicists like AOM controlled lasers, coils
and cameras. In addition, ATOMIQ consolidates common routines (loading
a magneto-optical trap, load and evaporate a dipole trap) into building blocks
which can be transported in between experiments while preserving the possi-
bility to leverage the high-perfomance primitives of ARTIQ. Finally, we demon-
strate how ATOMIQ can be seamlessly integrated into a non-realtime data ac-
quisition and control system.

A 29.2 Thu 14:45 HS 1010
Circular Rydberg qubits of alkaline earth atoms in optical tweezers —
∙Einius Pultinevicius, Christian Hölzl, Aaron Götzelmann, Moritz
Wirth, and FlorianMeinert— 5th Institute of Physics, Universität Stuttgart,
Stuttgart, Germany
We report the first demonstration of trapped circular Rydberg states of an
alkaline-earth metal atom (Strontium) in an optical tweezer array. Circular Ryd-
berg states promise orders ofmagnitude longer lifetimes compared to their low-L
counterparts, which allows for overcoming fundamental limitations in the co-
herence properties of Rydberg atom based quantum simulators and quantum

computers. In our experiments, we utilize tweezer trapped Strontium atoms and
demonstrate efficient transfer into high-n circular Rydberg atoms with n=79 via
rapid adiabatic passage. We implement a qubit between circular states of closeby
hydrogenic manifolds coupled via a two-photon microwave transition and study
its coherence via Rabi and Ramsey measurements. We also demonstrate trap-
ping of the circular state enabled via the second available valence electron of the
Sr atom. Our results open exciting prospects for exploiting unique properties
of long-lived circular states of two-valence electron atoms, comprising coherent
core excitation, for quantum technologies.

A 29.3 Thu 15:00 HS 1010
Universal Self-Organization Dynamics in a Strongly Interacting Fermi
Gas — ∙Timo Zwettler1,2, Tabea Bühler1,2, Aurélien Fabre1,2, Gaia
Bolognini1,2, Victor Helson1,2, Giulia del Pace1,2, and Jean-Philippe
Brantut1,2 — 1Institute of Physics, EPFL, Switzerland — 2Center of Quantum
Science and Engineering, EPFL, Lausanne, Switzerland
Cavity-coupled many-body systems constitute a new emergent field in con-
densed matter systems, where complex quantum materials are combined with
cavity quantum electrodynamics (cQED) to substantially modify material prop-
erties by strong light-matter coupling.

We realize a prototypical cavity quantum material by combining cQED with
a strongly interacting Fermi gas, providing an ideal, microscopically control-
lable platform for the study of collective light-matter coupling in strongly corre-
lated matter. We explore the interplay of strong, short-range collisional interac-
tions in the Bose-Einstein condensate to Bardeen-Cooper-Schrieffer (BEC-BCS)
crossover and engineered, long-range cavity-mediated interactions, which arise
from a two-photon scattering process in the transversally pumped atom-cavity
system.

In recent experiments, we advance our understanding of density-wave order-
ing by investigating the out-of-equilibrium dynamics following a quench across
the quantum phase transition. By observing the photons leaking from the opti-
cal cavity, we reveal the universal behaviour of the order parameter dynamics in
this driven-dissipative system.
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A 29.4 Thu 15:15 HS 1010
Repulsively-bound pair states in the 1D extendedHubbardmodel— ∙Pascal
Weckesser1,2, Kritsana Srakaew1,2, David Wei1,2, Daniel Adler1,2, Su-
chita Agrawal1,2, Immanuel Bloch1,2,3, and Johannes Zeiher1,2 — 1Max-
Planck-Institut für Quantenoptik, Garching, Germany — 2Munich Center for
Quantum Science and Technology (MCQST), Munich, Germany — 3Fakultät
für Physik, Ludwig-Maximilians-Universität, Munich, Germany
The binding between two particles is usually mediated by attractive forces. Op-
erating in an external confinement however, one can observe pair-binding de-
spite having repulsive interactions. The existence of such bound states has been
conjectured for the one-dimensional extended Hubbard model, yet so far their
observation remained elusive.

In this talk, we present our recent findings on realizing one-dimensional ex-
tended Hubbard systems for 87Rb atoms trapped in optical lattices and explore
the emerging exotic bound states. Here, the long-range repulsion between two
adjacent lattices sites is engineered using stroboscopic Rydberg dressing. We
probe the presence of the bound state by monitoring the out-of-equilibrium dy-
namics of two particles using our quantum gas microscope, giving us direct ac-
cess to the evolution of the density and the underlying correlations. As a final
measurement, we explore multiparticle binding between three atoms. Our re-
sults path the way to study complex extended Hubbard models and string break-
ing in spin chains.

A 29.5 Thu 15:30 HS 1010
Josephson effect in a double-well potential and its generalization for fi-
nite temperatures— ∙Kateryna Korshynska1,2 and SebastianUlbricht2,3
— 1Department of Physics, Taras Shevchenko National University of Kyiv,
64/13, Volodymyrska Street, Kyiv 01601, Ukraine — 2Physikalisch-Technische
Bundesanstalt (PTB), Bundesallee 100, D-38116 Braunschweig, Germany —
3Technische Universität Braunschweig, D-38106 Braunschweig, Germany
In modern cold atom physics the study of many-particle bosonic systems gives
insight into fundamental quantum processes and lays the foundation for power-
ful tools in precision metrology. The quantum nature of a bosonic system mani-
fests itself in the Josephson effect, when the particles are placed in a double-well
potential. In this potential one can define time-dependent probabilities of a sin-
gle particle to be in the left or the right well. From that we develop the description
of a many-particle system in the regime of global coherence (BEC) and in the
case when the system is partially non-coherent. Focusing on the latter case we
address the changes in many-particle dynamics, giving rise to a generalization
of Josephson equations, which describe the system in non-equilibrium at finite
temperatures. In this regime they predict deviations from the standard Joseph-
son effect, which become more pronounced for high temperatures and a small
number of bosons. For low temperatures, moreover, we find that the amplitude
of Josephson oscillations is restricted. This prediction can be used to test the
principles of statistics of a many-particle quantum system.

A 29.6 Thu 15:45 HS 1010
Investigating interference with phononic bright and dark states in a trapped
ion — ∙Robin Thomm1, Harry Parke1, Alan C. Santos2, André Cidrim2,
Gerard Higgins1, Marion Mallweger1, Natalia Kuk1, Shalina Salim1,
Romain Bachelard2,3, Celso J. Villas-Boas2, and Markus Hennrich1

— 1Department of Physics, Stockholm University, Stockholm, Sweden —
2Departamento de Física, Universidade Federal de São Carlos, São Carlos, Brazil
— 3Institut de Physique de Nice, Université Côte d’Azur, Valbonne, France

Interference underpins some of the most unusual and impactful properties of
both the classical and quantum worlds, from macroscopic systems down to the
level of single photons. In this work a new description of interference, based on
the formation of collective bright and dark states, is investigated experimentally.
We employ a single trapped ion, whose electronic states are coupled to two of
its motional modes in order to simulate a multi-mode light-matter interaction.
We observe the emergence of phononic bright and dark states for both a single
phonon and a superposition of coherent states. The collective dynamics of these
systems demonstrate that a description of interference based solely on bright and
dark states is sufficient to explain the light-matter coupling of any initial state in
both the quantum and classical regimes.

A 29.7 Thu 16:00 HS 1010
Fermi-liquid-like thermal and spin diffusion between unitary superfluids
by dissipation — ∙Meng-Zi Huang, Philipp Fabritius, Jeffrey Mohan,
Mohsen Talebi, Simon Wili, and Tilman Esslinger — Institute for Quan-
tum Electronics, ETH Zürich, 8093 Zürich, Switzerland
Dissipation engineering in strongly correlated systems is an emerging territory
of nontrivial interplay between coherent and incoherent dynamics. With direct
particle and entropy measurements in a two-terminal setting, we show that the
Seebeck response of a strongly-interacting Fermi gas can be enhanced by par-
ticle dissipation. This enhancement is robust when changing the dimensional-
ity of the connection between the reservoirs and even the nature of the dissipa-
tion mechanisms, namely from spin-selective to pairwise losses. The dissipation
also enhances thermal diffusion and spin diffusion, restoring the Fermi-liquid
thermal and spin conductance which is initially strongly suppressed in this non-
Fermi liquid. Although a microscopic theory is still missing, we provide a phe-
nomenological model that can describe the observations.

A 29.8 Thu 16:15 HS 1010
A Fermionic Quantum Gas Microscope for the Continuum — ∙Joris Ver-
straten, MaximeDixmerias, KunlunDai, Shuwei Jin, Bruno Peaudecerf,
Tim de Jongh, and TarikYefsah—Ultracold FermiGases, Laboratoire Kastler
Brossel, Paris, France
Quantum gas microscopes have emerged as powerful tools to investigate the mi-
croscopic details of ultracoldmany-body systems. It enables the imaging of dilute
quantum gases with single atom resolution and has shed light on the properties
of various systems such as the Bose- and Fermi-Hubbard models. As it relies
on optical lattice potentials, this method was restricted to periodic systems, in
which atoms are already constrained to move between lattice sites. On the other
hand, using a deep optical lattice to pin atoms initially prepared in a continuous
trap leads to a non-trivial projection on discrete positions.

Here we report on the realization of a Lithium 6 based quantum gas micro-
scope intended to study the microscopic characteristics of ultracold Fermi gases
inside the continuum regime. We investigate the fidelity of the pinning process
through a dynamical study of individually prepared non-interacting atoms in
free space, and are able to experimentally reconstruct the wavefunction of sin-
gle atoms expanding from a locally harmonic trap. Imaging fidelity as high as
99% can also be achieved under the right experimental conditions, proving that
single-atom imaging of bulk systems is not only technically possible but also a
reliable method of measuring the microscopic properties of continuous sytems.
This opens up the path for the study of correlations in continuous, strongly in-
teracting systems of fermions.

A 30: Precision Spectroscopy of Atoms and Ions IV (joint session A/Q)
Time: Thursday 14:30–16:15 Location: HS 1098

A 30.1 Thu 14:30 HS 1098
Laser-spectroscopic determination of the nuclear charge radius of 13C —
∙Patrick Müller1, Emily Burbach1, Phillip Imgram2, Kristian König1,
Wilfried Nörtershäuser1, and Julien Spahn1 — 1Institut für Kernphysik,
TU Darmstadt, 64289 Darmstadt, Germany — 2Instituut voor Kern- en Stral-
ingsfysica, KU Leuven, 3001 Leuven, Belgium
Collinear laser spectroscopy (CLS) has proven to be a powerfulmethod to bench-
mark nuclear and atomic structure calculations. Light heliumlike systems are
ideal test cases for both worlds as they exhibit a greatly varying nuclear structure
and are accessible for high-precision ab-initio calculations. In an ongoing effort,
it is planned to determine absolute and differential nuclear charge radii, RC and
δ⟨r2⟩, of the light elements Be to N by purely using CLS and ab-initio nonrela-
tivistic quantum electrodynamics calculations in the helium-like ions. As a first
step, the 1s2s 3S1 → 1s2p 3PJ transitions in

12,13C4+ were determined using the
Collinear Apparatus for Laser Spectroscopy and Applied Science (COALA) at
the Technical University of Darmstadt.
We present results for δ⟨r2⟩12,13 and the hyperfine structure of 13C4+, which is
modulated by significant hyperfine-induced mixing, and compare them to ab-

initio nuclear and atomic structure calculations. In both cases, our model inde-
pendent results can be used to improve theory and help quantifying theoretical
uncertainties. A comparison to the model-dependent results from elastic elec-
tron scattering and muonic atom spectroscopy will help to improve these exper-
imental methods.
This project is supported by DFG (Project-ID 279384907 - SFB 1245).

A 30.2 Thu 14:45 HS 1098
Coherent excitation of a Sub-mHz optical magnetic quadrupole transition
— ∙Valentin Klüsener1,2, Sebstian Pucher1,2, Dimitry Yankelev1,2, Fe-
lix Spriestersbach1,2, Jan Trautmann1,2, Immanuel Bloch1,2,3, and Se-
bastian Blatt1,2,3 — 1Max-Planck-Institut für Quantenoptik, 85748 Garch-
ing, Germany — 2Munich Center for Quantum Science and Technology, 80799
München, Germany — 3Fakultät für Physik, Ludwig-Maximilians-Universität
München, 80799 München, Germany
Ultranarrow clock transitions to metastable states are fundamental for many ap-
plications in quantummetrology, simulation and information. We report on the
first coherent excitation of the 1S0-

3P2 magnetic quadrupole (M2) transition in
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88Sr. By confining atoms in a state insensitive three-dimensional optical lattice,
we achieve excitation fractions of 97% and observe Fourier limited linewidths
as narrow as 55Hz. We characterize the coherence of the prepared states by per-
forming Ramsey spectroscopy and find coherence times of 10ms, which can be
extended to 250ms with a spin-echo sequence. Finally, we use our spectroscopic
results to determine the decay rate of the M2 transition to 154(32) × 10−6 s−1
in agreement with longstanding theoretical predictions. These results establish
an additional clock transition in neutral strontium and pave the way for appli-
cations of the metastable 3P2 state in precision quantum metrology, simulation
and information processing.

A 30.3 Thu 15:00 HS 1098
Multi-Cubic-Meter Atom Trapping for Project 8 — ∙Alec Lindman for
the Project 8-Collaboration — Institute for Physics and Excellence Cluster
PRISMA+, Johannes Gutenberg University Mainz
The Project 8 direct neutrino mass experiment will achieve its next-generation
sensitivity of 40meVby improving precision (with its Cyclotron Radiation Emis-
sion Spectroscopy method), statistics (which scale with active volume in Project
8 rather than area), and control of systematics (by replacing molecular tritium
with atomic tritium).

Since atomic tritium recombines on contact with surfaces, a large, static
magneto-gravitational trap will hold the tritium atoms in free space. To achieve
its sensitivity, Project 8 requires a density of about 1017 atoms per m3 at about
1 mK and a total volume of about 100 m3, divided among ten identical 10 m3

traps.
Keeping such a trap full over the multi-year runtime of the experiment re-

quires producing a high flux of atoms (1019 atoms/s) with a hot atom source,
continuously cooling them (first on surfaces, and then using magnetic fields and
gas-gas collisions), and finally injecting the cold beam into the trap. This talk will
describe the intended trap design, the difficulties and advantages of a large trap,
plans for the cooling system, and experimental progress on a high-flux tritium-
compatible atom source.

A 30.4 Thu 15:15 HS 1098
Sensitivity of Project 8’s wire detector for an atomic tritium beam— ∙Darius
Fenner and Martin Fertl — Institut für Physik, Johannes Gutenberg-
Universität Mainz, Mainz, Deutschland
The Project 8 experiment aims to achieve a sensitivity of 40 meV on the neutrino
mass through precise measurements of the tritium beta spectrum near its end-
point. To achieve the required energy resolution, the production of atomic tri-
tium is imperative because it has nomolecular final state distribution. Such a dis-
tribution, caused by vibrational and rotational modes of the molecules, smears
the energy spectrum. At the setup in Mainz the thermal dissociation of hydro-
gen instead of tritium is studied. The efficiency of this process is quantified using
a wire detector equipped with three 5μm tungsten wires. As atomic hydrogen
recombines on the wire surface and releases the recombination energy, the tem-
perature change of the wire is measured as a resistance change. However, the
measured signal depends on the position along the wire, as heat canmore readily
dissipate near the mountings. In this work, the wire’s sensitivity curve is deter-
mined as a function of wire position. The measurement process involves a 2D
scan of the wire while performing pointwise heating with a laser. Moreover, the
sensitivity is simulated in a COMSOL heat transfer simulation to complement
the experimental findings.

A 30.5 Thu 15:30 HS 1098
Using Non-linear Dissociation Processes of BeH+ for the Alignment of
the Laser Pulse Overlap in XUV Frequency Comb Spectroscopy of He+
— ∙Florian Egli, Jorge Moreno, Theodor Wolfgang Hänsch, Thomas
Udem, and Akira Ozawa—Max-Planck-Institut für Quantenoptik, Garching,
Deutschland

The energy levels of hydrogen-like atoms and ions are accurately described
by bound-state quantum electrodynamics (QED). With spectroscopic measure-
ments of hydrogen and hydrogen-like atoms, the Rydberg constant and the pro-
ton charge radius can be determined. The comparison of the physical constants
obtained from different combinations of measurements serves as a consistency
check for the theory. The hydrogen-like He+ ion is an interesting spectroscopic
target for QED tests. Due to their charge, He+ ions can be held nearly motion-
less in the field-free environment of a Paul trap, providing ideal conditions for
high-precision measurements. The 1S-2S two-photon transition in He+ can be
directly excited by an extreme-ultraviolet frequency comb at 60.8 nm generated
by a high-power infrared frequency combusing high-order harmonic generation
(HHG). In order to perform Doppler-free spectroscopy on the 1S-2S transition,
the frequency comb is split into double pulses which are overlapped at the ions.
As a signal for the pulse overlap alignment, we investigate non-linear dissoci-
ation processes of BeH+. The processes discussed here are using 204 nm and
255 nm light, which can be generated from our infrared frequency comb.

A 30.6 Thu 15:45 HS 1098
An optical clock for robust operation and remote comparisons— ∙Saaswath
JK, Martin Steinel, Melina Filzinger, Jian Jiang, Ekkehard Peik, Nils
Huntemann, and the Opticlock consortium — Physikalisch-Technische
Bundesanstalt, Braunschweig, Germany
We report on a transportable and easy-to-operate optical clock that uses the
2S1/2 −

2D3/2 transition of a single trapped 171Yb+ ion at 436 nm as the refer-
ence. The system has been developed within a pilot project for quantum tech-
nology in Germany led by industry and is set up in two 19" racks [1]. In this
way, transportation can easily be realized, and the large degree of automatiza-
tion allows for robust operation. Comparisons to existing high-accuracy optical
clock systems at PTB enabled verification of the clock’s uncertainty budget at the
low 10−17 level. During these tests, operation with 99.8% availability over more
than 14 days has been achieved. Furthermore, the system has been operated for
a significant fraction of the year 2023, enabling a very accurate determination of
its frequency and contributions to timescales. We are currently improving the
robustness of the setup and reducing uncertainties of shifts from thermal radia-
tion and electric field gradients. This prepares Opticlock well for transportation
to Finnland and Czechia, where it will be compared to other high-performance
optical clocks. This will demonstrate a novel approach for key comparisons in
time and frequency.

[1] J. Stuhler, et al. Measurement: Sensors 18, 100264 (2021)

A 30.7 Thu 16:00 HS 1098
Laser spectroscopy of Fermium-255 at the RISIKO mass separator facility
— ∙Matou Stemmler for the Fermium-Collaboration — Johannes Gutenberg
Universität Mainz, 55099 Mainz, Germany
Laser spectroscopy can provide information about fundamental properties of
both atomic and nuclear structure. Such measurements are of particular impor-
tance for the heaviest actinides and superheavy elements, where data is sparse.
During the last measurement campaign at the RISIKO mass separator facility
in the Institute of Physics at Johannes Gutenberg University Mainz (JGU), nine
successive samples of the artificially produced ultra-rare isotope 255Fm (Z=100)
of 108 to 109 atoms each, were used to study the atomic and nuclear structure
of fermium. The samples originate from an initial 254Es sample that was pro-
duced at the Oak Ridge National Laboratory high flux nuclear reactor (USA).
The sample was subsequently re-irradiated at the Institut Laue-Langevin reac-
tor in Grenoble (F) with thermal neutrons to produce 255Es (half-life: 39.8 d),
which decays to 255Fm (20.07 h) via β− decay. This presentation will focus on
the atomic structure studies of 255Fm, for which a new three-step laser ionization
scheme was developed. Rydberg convergences were studied and the accuracy of
the ionization potential was improved [1].
[1] J. Am. Chem. Soc. 44, 14609-14613 (2018)

A 31: Atomic Systems in External Fields II
Time: Thursday 14:30–16:30 Location: HS 1015

A 31.1 Thu 14:30 HS 1015
Search for new physics with spin-based magnetometry — ∙Wei Ji1,2, Kai
Wei3, Jia Liu4, Changhao Xu1,2, and Dmitry Budker1,2,5 — 1Helmholtz In-
stitut Mainz— 2Staudingerweg 18— 3Beihang University— 4Peking University
— 5University of California, Berkeley
Spin-based magnetometry has made remarkable progress in recent years, allow-
ing for precise measurements of fundamental physics and the exploration of new
physics beyond the standard model. In this talk, I will introduce the alkali-noble
gas hybrid spin magnetometry and its applications in searching for exotic spin-
dependent interactions and axion dark matter. I will also briefly introduce a new
type of magnetometry that is being developed based on levitated ferromagnetic
particles.

A 31.2 Thu 14:45 HS 1015
Measuring nuclear spin qubits by qudit-based spectroscopy using the V2
color center in SiliconCarbide— ∙PierreKuna1, ErikHesselmeier1, Istvan
Takacs2, Viktor vady2,4, Wolfgang Knolle3, Nguyen Tien Son4, Misagh
Ghezellou4, JawadUl-Hassan4, DurgaDasari1, Florian Kaiser5, Vadim
Vorobyov1, and Jörg Wrachtrup1 — 13rd Institute of Physics, University
of Stuttgart, Stuttgart, Germany — 2Eötvös Loránd , Egyetem tér 1University-
3, H-1053 Budapest, Hungary — 3Department of Sensoric Surfaces and Func-
tional Inter- faces, Leibniz-Institute of Surface Engineering (IOM), Leipzig, Ger-
many— 4Department of Physics, Chemistry and Biology, Linköping University,
Linköping, Sweden— 5Materials Research and Technology (MRT) Department,
LIST, 4422 Belvaux, Luxembourg

75



Atomic Physics Division (A) Thursday

Nuclear spins with hyperfine coupling to single electron spins are highly valuable
quantum bits. In this work [1] we probe and characterise the particularly rich
nuclear spin environment around single silicon vacancy color-centers (V2) in
4H-SiC. By using the electron spin-3/2 qudit as a 4 level sensor, we identify sev-
eral sets of 29Si and 13C nuclear spins through their hyperfine interaction. We
extract the major components of their hyperfine coupling via optical detected
nuclear resonance, and assign them to shells in the crystal via the DFT simu-
lations. We utilise the ground state level anti-crossing of the electron spin for
dynamic nuclear polarization and achieve a nuclear spin polarization of up to
98(6)% and demonstrate coherent control of single nuclear spins. [1] Preprint
Arxiv: 2310.15557

A 31.3 Thu 15:00 HS 1015
A Gravitational Analogon of the Metrological Triangle — ∙Sebastian
Ulbricht1,2 and Claus Lämmerzahl3 — 1Physikalisch-Technische Bun-
desanstalt PTB, Braunschweig, Germany — 2Technische Universität Braun-
schweig, Braunschweig, Germany — 3Center of Applied Space Technology and
Microgravity ZARM, University of Bremen, Bremen, Germany
Before the 2019 revision of SI, the quantum metrological triangle provided a
tremendously precise measurement scheme for the electron charge e and the
Planck constant h based on the Josephson effect, the quantum Hall effect, and
the counting of single electrons. Now, after the SI-redefinition, this triangle is
used to realize electric standards and offers substantial options for consistency
checks, testing our understanding of the electromagnetic interaction of quan-
tum particles. In this talk, we consider a gravitational analogue of the quantum
metrological triangle, giving rise to analoga of the Josephson effect and the quan-
tum Hall effect for neutral quantum particles in a gravitational field. This paral-
lels between electromagnetic and gravitational interaction can be drawn, since
the weak field limit of General Relativity resembles themathematical structure of
electrodynamics. The gravitational metrological triangle provides a testing field
for our understanding of quantum systems in gravity. We in particular discuss
its feasibility for quantum tests of the Weak Equivalence Principle and tests of
the universality of quantum mechanics.

A 31.4 Thu 15:15 HS 1015
Resonant photon scattering by highly-charged ions exposed to external fields
— ∙Jan Richter—PTB, Braunschweig, Germany — Leibniz Universität, Han-
nover, Germany
The elastic photon scattering process is a fundamental aspect of atom-light in-
teractions and has been the subject of numerous experimental and theoretical
studies. In this talk, we want to revisit the theory of resonant elastic scattering
of photons on ions. Hereby, special attention is paid to the influence of external
electric and magnetic fields on the scattering process such as the Hanle effect.
The impact of this effect is discussed in the framework of different experimental
scenarios.

A 31.5 Thu 15:30 HS 1015
Geometric post-Newtonian description of massive spin-half particles in
curved spacetime — ∙Ashkan Alibabaei1,2, Philip Schwartz1, and
Domenico Giulini1,3 — 1Institute for Theoretical Physics, Leibniz University
Hannover, Appelstraße 2, 30167 Hannover, Germany — 2Institute of Quantum
Optics, Leibniz University Hannover, Welfengarten 1, 30167 Hannover, Ger-
many — 3Center of Applied Space Technology and Microgravity, University of
Bremen, Am Fallturm 1, 28359 Bremen, Germany
The equivalence principle requires matter to universally couple to gravity, en-
coded in spacetime geometry. For quantum fields, this leads to the framework
of quantum field theory in curved spacetime. This framework, however, is quite
far detached from the practical description of low-energy quantum systems in
terms of Galilei-symmetric Schrödinger equations plus special- and general rel-
ativistic corrections. We aim to close this gap by considering the one-particle
sector of the respective quantum field theory described effectively by a classical
field, for this purpose we apply a systematic low energy approximation scheme.
In my talk, I will describe a Hydrogen-like atom coupled to gravity and exter-
nal electromagnetic field in a twofold expansion scheme, first implementing a
weak-gravity approximation, and second a slow velocity post-Newtonian expan-
sion. This yields to a systematic and complete generation of general-relativistic
correction terms for spin-half quantum systems. We find new terms that were
overlooked in the literature and extend the level of approximation.

A 31.6 Thu 15:45 HS 1015
Wave Packet Propagation and the Quantum to Classical Transition— ∙John
S. Briggs— Physikalisches Inst. Universitaet Freiburg, Germany
The free propagation of wave packets is the oldest problem of continuum quan-
tummechanics. A brief historical review of the theory is given. In contradistinc-
tion to text book treatments, the spreading of a wave packet in time is proposed
as the paradigm of the quantum to classical transition. Using the Gaussian wave
packets as example, the trajectories of normals to the wave fronts (identical to
Bohm trajectories) emerge as the dominant feature. Along such trajectories the
momentum space wave function is invariant. The trajectories become straight-
line line classical trajectories asymptotically.

The complete analogy to the propagation of Hermite-Gauss wave packets in
classical optics is demonstrated. In particular the Gouy phase of optics is shown
to be a dynamic phase involving the instantaneous harmonic oscillator eigen-
function. Transition to a frame moving along the trajectory gives a simple form
where the Gouy phase appears as the proper time in this frame. As example, in
the moving frame the propagation of two interfering Gaussian slits is shown to
be simply the propagation of two quantum coherent states.

Finally the quantum to classical transition for macroscopic objects is exam-
ined . It is argued that the assignment of a wave function to the universe, as in
quantum cosmology, is not a valid concept.

A 31.7 Thu 16:00 HS 1015
Vortex electron scattering by atomic targets — ∙Sophia Strnat1,2, Lalita
Sharma3, and Andrey Surzhykov1,2 — 1Physikalisch-Technische Bunde-
sanstalt, Braunschweig — 2Institut für Mathematische Physik, Technische Uni-
versität, Braunschweig — 3Indian Institute of Technology, Roorkee
Since the first twisted electrons have been produced, special attention has been
paid to these vortex matter waves. Such electrons, characterized by an addi-
tional intrinsic angular momentum beyond spin, find applications in transmis-
sion electron microscopy (TEM). Notably, their use has been proposed and ex-
perimentally demonstrated for determining the chirality of crystals [1]. In elec-
tron energy loss spectra, vortex electron beams have the capability to discern the
occupation of atomic sublevels, providing a general insight into electronic con-
figurations and offering a powerful tool for probing local properties of nanoma-
terials and biomolecules [2]. Despite these advancements, a comprehensive and
fully relativistic depiction of the inelastic scattering of vortex electrons by atoms
remains absent. Our contribution closes this gap by describing the scattering
process with quantities such as total excitation rates, alignment and orientation
parameters of atomic states for a diverse range of scenarios. Furthermore, we
will emphasize the study of scattering on a bare atom versus an atom confined
within a potential.
[1] A. Asenjo-Garcia, F.J. Garcia de Abajo, Phys. Rev. Lett. 113 (2014) 066102
[2] R. Juchtmans, J. Verbeeck, Phys. Rev. B 92 (2015) 134108

A 31.8 Thu 16:15 HS 1015
Compton polarimetry of elastic scattering of highly linearly polarized hard x-
rays— ∙WilkoMiddents1,2,3, GünterWeber1,2, AlexandreGumberidze2,
ThomasKrings4, TobiasOver1,2,3, Philip Pfäfflein1,2,3, Uwe Spillmann2,
and Thomas Stöhlker1,2,3 — 1Helmholtz-Institut Jena, Fröbelstieg 3, 07743
Jena — 2GSI GmbH, Planckstraße 1, 64291 Darmstadt — 3FSU Jena, Leutra-
graben 1, 07743 Jena — 4FZ Jülich, Wilhelm-Johnen-Str., 52425 Jülich
Elastic scattering of photons off matter is a fundamental light-matter interaction
process. Precise polarization-dependent measurements provide a sensitive test
of the underlying theory. For photon energies from several tens of keV up to a
few MeV, efficient polarimetry is based on the polarization-sensitive pattern of
Compton scattering.

I will report on the technique of Compton polarimetry in the hard x-ray
regime via detectors based on a double-sided segmented semiconductor crys-
tal [1]. Furthermore, I will show the results of an experiment on the polarization
transfer in elastic scattering of 175 keV x-rays off a gold target and provide an
outlook on future possibilities for polarization measurements of elastic scatter-
ing.

[1] Vockert, M. et al., (2017), NimB 313-316. https://doi.org/10.1016/j.nimb.
2017.05.035

A 32: Quantum Gases (joint session Q/A)
Time: Thursday 14:30–16:30 Location: Aula
See Q 50 for details of this session.
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A 33: Poster VI
Time: Thursday 17:00–19:00 Location: Tent A

A 33.1 Thu 17:00 Tent A
Building neutral-atom quantum processors — ∙Pierre-Antoine Bourdel
for the Pascal team—Pasqal SAS, 7 rue Léonard de Vinci, 91300Massy, France
In the past years, neutral atoms have entered the quantum computing race.
Quantum startup PASQAL has stemmed from the group of A. Browaeys and T.
Lahaye, who pioneered trapping single atoms in arbitrary, defect-free and recon-
figurable tweezer patterns. In this highly scalable platform, excitation to Rydberg
states enables controlled interactions between atoms, and entanglement genera-
tion. Such platform has already demonstrated quantum simulations in a regime
out of reachwith current classical approaches. Regarding quantum computation,
applications have been proposed and demonstrated for solving hard combina-
torial optimisation problems, non-linear differential equations and classifying
sets of graphs using machine learning. We will give an overview of the technical
building blocks of our platform at PASQAL, discuss its capabilities for digital and
analog-based quantum computing in the NISQ era, and present the last results
that we have achieved with our neutral atoms quantum processors.

A 33.2 Thu 17:00 Tent A
FermiQP - A Fermionic Quantum Processor — ∙Yu Hyun Lee1,3, Frank
Hermann1,4, Janet Qesja1,2, Robin Groth1,2, Andreas von Haaren1,2,
Luca Muscarella1,2, Liyang Qiu1,2, Immanuel Bloch1,2,3, Timon
Hilker1,2, and Phlipp Preiss1,2 — 1Max-Planck Institute of Quantum Optics,
Garching, Germany — 2Munich Center for Quantum Science and Technol-
ogy, Munich, Germany — 3Ludwig Maximilian University Munich, Munich,
Germany — 4Karlsruhe Institute of Technology, Karlsruhe, Germany
FermiQP is a demonstrator experiment for a lattice based fermionic quantum
processor with neutral Li-6 atoms. The experiment aims to combine the versa-
tility of digital quantum gates with the power of analogue Fermi-Hubbard sim-
ulators. Single qubit gates will be implemented as Raman rotations between hy-
perfine states, while controlled collisions between atoms in a bichromatic lattice
will constitute two-qubit gates. Tweezer-based resorting techniques will enable
all-to-all connectivity of the qubits. This also allows robust control of the starting
configuration for investigating the Fermi-Hubbard phase diagram. We present
the status of the experiment, including progress on the implementation of sin-
gle qubit addressing, single-site and spin resolved quantum gas microscopy, and
new cooling schemes for fast degenerate Fermi gas preparation.

A 33.3 Thu 17:00 Tent A
Experimental Observation of Time-Dependent Energy-Level Renormaliza-
tion near Ultrastrong Couplings in Quantum-Rabi Systems — ∙Frederike
Doerr, Florian Hasse, Alessandra Colla, Ulrich Warring, Heinz-
Peter Breuer, and Tobias Schaetz — Institute of Physics, University of
Freiburg, Hermann-Herder-Straße 3, D-79104 Freiburg, Germany
A novel theory, extending beyond perturbation theory, elucidates the thermody-
namic behavior of open quantum systems interacting with thermal baths: pre-
dicting a time-dependent frequency shift, Δω(t), arising from the interaction
with the environmental mode, dependent on the system-environment coupling
(д) and temperature (T) [1]. We investigate changes in the electronic energy lev-
els of a trapped ion strongly connected to a single motional degree of freedom.
Employing Ramsey interferometry and analyzing the oscillation frequencies of
the system’s coherences, we observe a clear and time-dependent effective shift
in the ion’s energy levels, consistent with the theoretical predictions. These find-
ings provide direct evidence of dynamic energy level renormalization in strongly
coupled quantum systems, emphasizing the role ofmemory effects in shaping the
system’s energy landscape.

[1] A. Colla and H.-P. Breuer, Phys. Rev. A 105, 052216 (2022).

A 33.4 Thu 17:00 Tent A
Coherent control of electron emission direction in helium with ω-2ω SASE
FEL pulses — ∙Muwaffaq Ali Mourtada1, Harijyoti Mandal1, Alexan-
der Magunia1, Weiyu Zhang1, Yu He1, Hannes Lindenblatt1, Flo-
rian Trost1, Lina Hedewig1, Cristian Medina1, Arikta Saha1, Marc
Rebholz1, Ulrike Frühling2, Carlo Kleine1, Gergana D. Borisova1,
Steffen Palutke2, Evgeny Schneidmiller2, Mikhail Yurkov2, Stefan
Düsterer2, Rolf Treusch2, Chris H. Greene3, Yimeng Wang3, Robert
Moshammer1, Christian Ott1, and Thomas Pfeifer1 — 1Max-Planck-
Institut für Kernphysik, 69117 Heidelberg, Germany — 2Deutsches Elektro-
nen Synchrotron DESY, 22607 Hamburg, Germany— 3Purdue University, West
Lafayette, IN 47907, USA
Measurements of the photoelectron angular distribution of two-photon single-
ionisation in the vicinity of singly excited intermediate states in helium are pre-
sented. Using extreme-ultraviolet pulses generated at the high-repetition-rate
free-electron laser in Hamburg (FLASH), helium atoms are ionized and the re-
coil ionmomenta are measured with a reactionmicroscope. In a previous exper-
iment [1], first indications for interfering pathways between FEL fundamental

and its second harmonic have been observed. Here we present new measure-
ments to further investigate the possibility of directional asymmetry in the pho-
toelectron angular distribution of interfering one-photon and two-photon single
ionization in helium. In this poster we will discuss the ongoing data analysis and
show first results.

[1] Straub et al., PRL 129, 183204 (2022)

A 33.5 Thu 17:00 Tent A
Experimental investigation of strongly interacting quantum fluids of light in
rydberg atoms— ∙Amar Bellahsene—Université de Strasbourg CESQ-ISIS,
Strasbourg, France
Photons are effectively perfect quantum systems as they can be easily and effi-
ciently generated, manipulated and detected, except they have one major draw-
back: they are inherently non-interacting. If we could engineer strong and tun-
able interactions between photons it would be a great leap forward for numerous
fields, especially in many-body physics, quantum simulation and quantum com-
puting. One of the most promising methods to simultaneously realize strong
light-matter couplings and strong effective photon-photon interactions is in ul-
tracold gases which are laser coupled to strongly-interacting Rydberg states un-
der an electromagnetically induced transparency (EIT) resonance. My exper-
imental PhD project consists of investigating the relatively unexplored regime
where strongly interacting photons with exotic properties (long-range and non-
local interactions) propagate inside spatially structured ultracold 39K atomswith
optical tweezers.

A 33.6 Thu 17:00 Tent A
Acquisition and analysis of RABBIT measurements — ∙Muhammad Ja-
hanzeb, Narendra Shah Ronak, Cristian Manzoni, Devkota Diwaka,
and Giuseppe Sansone— Institute of Physics, University of Freiburg, Freiburg,
Germany
The Reconstruction of Attosecond Beating by Interference of Two-Photon Tran-
sitions (RABBIT), is a technique used to measure time delays in photoionization
on an attosecond scale [1-2]. In the RABBIT technique, the photoionization
delays measured in atoms can be decomposed in a Wigner delay, related to the
photoionization process induced by the absorption of a single extreme ultraviolet
photon, and a continuum-continuum delay, due to the absorption of additional
infrared photons by the freed photoelectron [2].

I will report on the development of an experimental setup aiming at the in-
vestigation of the continuum-continuum delay in photoionization. In the exper-
imental setup, high-order harmonics will be generated using a 800 nm driving
laser that will be then recombined with a synchronized 1200 nm pulse obtained
using a non-collinear optical parametric amplifier [3]. Using this combination
of parameters, two sidebands are expected between the each pair of photoelec-
tron peaks associated to the absorption of a single XUV photon. By comparing
the oscillations of adjacent sidebands, we are aiming to investigate the contribu-
tion of the continuum-continuum phase in the photoionization process. [1] Paul
et al, Science, 292 (2001) [2] Dahlström et al, Journal of Physics, 45 (2012) [3]
Manzoni et al, Journal of Optics, 18 (2016)

A 33.7 Thu 17:00 Tent A
Variable Multiphoton Lattices for Ultracold Rubidium Atoms — ∙Stefanie
Moll1, GeramHunanyan1, Johannes Koch1, Enrique Rico2,3,4,5, Enrique
Solano6, and MartinWeitz1 — 1Institut für Angewandte Physik, Universität
Bonn, Wegelerstr. 8, 53115 Bonn, Germany — 2Department of Physical Chem-
istry, University of the Basque Country UPV/EHU, Box 644, 48080 Bilbao, Spain
— 3Donostia International Physics Center, 20018 Donostia-San Sebastián, Spain
— 4EHU Quantum Center, University of the Basque Country UPV/EHU, P.O.
Box 644, 48080 Bilbao, Spain— 5IKERBASQUE, Basque Foundation for Science,
Plaza Euskadi 5, 48009 Bilbao, Spain — 6Kipu Quantum, Greifswalder Straße
226, 10405 Berlin, Germany
Optical lattices are versatile tools to confine atoms in tuneable periodic poten-
tials, with applications ranging from quantum simulation to the realization of
atomic clocks. Usual standing wave lattices are realized by utilizing the ac Stark
shift induced by red detuned standing waves to trap cold atoms in the antin-
odes of the periodic intensity pattern. In a quantum picture the induced poten-
tial arises due to virtual two-photon processes. We are exploring lattice poten-
tials created by the dispersion of multiphoton Raman processes, which allows to
achieve higher spatial periodicities as well as a state-dependency of the lattice
potential. Using a four-photon lattice potential to create a suitable Bloch-band
structure, we have performed a quantum simulation of the quantumRabi model.
We are currently exploring the applicability of multiphoton lattices to synthesize
a larger variability of potentials.
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A 33.8 Thu 17:00 Tent A
Accuracy and efficiency of Particle-in-Cell schemes simulating ultrafast
laser-induced plasma dynamics — ∙Richard Altenkirch1, Graeme Bart2,
Christian Peltz1, Thomas Fennel1, and Thomas Brabec2 — 1Universität
Rostock, Germany — 2uOttawa, Canada
Particle-in-cell (PIC) algorithms have been developed since the 1970s and since
grown into one of themost widely used tools for studying intense light-matter in-
teractions and the associated plasma kinetics on a macroscopic scale. Lately, the
introduction of the microscopic Particle-in-Cell scheme [1] has even allowed for
the simulation of strongly coupled plasmas by incorporating the essential short-
range interactions that are neglected in typical PIC routines. However, the need
to resolve individual particles causes MicPIC to become very computationally
expensive for spatial regimes above 1 micron [2]. Therefore, in order to capture
effects of the spatial laser beam shape at optical frequencies on ablation processes,
macroscopic PIC approaches are needed. However, MicPIC results still function
as a very helpful guideline for gauging to what extent these different routines are
suitable for simulating specific scenarios. Using MicPIC as a reference, we anal-
ysed the efficiency and the accuracy of PIC as well as collisional PIC schemes in
the ablation scenario of a laser-induced plasma in a thin gold film.

[1] C. Varin, C. Peltz, T. Brabec, T. Fennel, Ann. Der Phys., 526 (2014), pp.
135-156
[2] G. Bart, C. Peltz, N. Bigaouette, T. Fennel, T. Brabec, C. Varin, Computer

Physics Communications 219 (2017), pp. 269-285

A 33.9 Thu 17:00 Tent A
The scaling method for the numerical solution of the relativistic ioniza-
tion problem — ∙Aleksandr V. Boitsov, Karen Z. Hatsagortsyan, and
Christoph H. Keitel — Max-Planck-Institut für Kernphysik, Saupfercheck-
weg 1, 69117 Heidelberg, Germany
The coordinates scaling method, previously applied to the numerical solution
of the time-dependent Schrodinger equation (TDSE), is generalized for the nu-
merical solution of the problem of an atom ionization in a relativistically strong
laser field. As a first step, we focus on a one-dimensional implementation of
the general idea. To facilitate the use of the scaling method, Foldy-Wouthuysen
transformation is applied in Silenko’s form within the quasiclassical approxima-
tion, reducing time-dependent Dirac equation (TDDE) to the square-root Klein-
Gordon-like equation. The problems related to the use of nonuniform grid in
the scaling method are analyzed. Comparison with known solutions of TDDE is
provided.

A 33.10 Thu 17:00 Tent A
A dedicated angular streaking setup for attosecond photoionization experi-
ments — ∙Lasse Wülfing1, Niclas Wieland2, Lars Funke1, Arne Held1,
Wolfram Helml1, Sara Savio1, and Markus Ilchen2 — 1Technische Uni-
versität Dortmund — 2Universität Hamburg
Angular streaking represents a scheme to resolve photoionization processes
down to the attosecond regime, reaching even the natural time frame of fun-
damental electronic interactions in atomic and molecular systems. This is done
by the reconstruction of superfast SASE free-electron laser pulses for use in pho-
toionization experiments. A circularly polarized laser is superimposed onto the
X-ray pulses, generating a birth time correlated kick for photoelectrons pro-
duced in a given target gas. By using multiple electron spectrometers in one
plane around the interaction point, the initial pulses can be reconstructed.

Our group developed a dedicated detector for angular streaking, incorpo-
rating two planes of newly designed electron time of flight spectrometers for
broad energy-acceptance into a mu-metal shielded vacuum chamber. The setup
is meant as a versatile basis for angular streaking experiments realized in differ-
ent scenarios. This poster presents an overview of the derived design and current
status in the construction of the dedicated setup at FLASH (DESY).

A 33.11 Thu 17:00 Tent A
Towards machine learning optimized time-averaged potentials to generate
a Bose-Einstein condensate— ∙Max Schlösinger1, Victoria Henderson1,
Simon Kanthak1, Oliver Anton1, Elisa Da Ros1, and Markus Krutzik1,2
— 1Humboldt-Universität zu Berlin, Institute of Physics & IRIS Adlershof,
Newtonstraße 15, 12489 Berlin — 2Ferdinand-Braun-Institut gGmbH, Leibniz-
Institut für Höchstfrequenztechnik, Gustav-Kirchhoff-Strasse 4, 12489 Berlin
Time-averaged potentials (TAPs) are a versatile tool for the generation and ma-
nipulation of ultracold atom clouds. In order to fully take advantage of this tech-
niques, we investigate machine learning routines with a setup based on acousto-
optic deflectors.

Our aim is to mitigate non-linearities in the electro-optical system and effects
due to frequencymodulation which restricts predictability of shape and smooth-
ness as well as to counteract temporal and spatial instabilities. In particular we
focus on identifying the most suitable fitness function associated with the opti-
misation of different optical potential geometries using images based on a CCD
camera.
In the future, we would like to rely on TAP’s capabilities to improve the evap-

orative cooling routine and to enhance the efficiency of a 87Rb Bose-Einstein
condensate-based quantum memory.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the FederalMinistry for EconomicAffairs andClimateAction (BMWK)
under grant numbers No. 50WM2247.

A 33.12 Thu 17:00 Tent A
XUV Frequency Comb driven Velocity Map Imaging of Argon — ∙Nick
Lackmann1, Jan-Hendrik Oelmann1, Tobias Heldt1, Lennart Guth1,
Janko Nauta2, Thomas Pfeifer1, and José R. Crespo López-Urrutia1 —
1Max-Planck-Institut für Kernphysik, Heidelberg, Germany — 2Swansea Uni-
versity, UK
Atomic clocks offer potential for fundamental physics studies due to their re-
markable precision [1,2]. Opting for clock transitions in the extreme ultraviolet
(XUV) not only increases achievable precision but also facilitates spectroscopy
on systems such as highly charged ions and the thorium-229m nuclear transi-
tion. To realize this, an extreme-ultraviolet frequency comb was constructed
using cavity-enhanced high-harmonic generation, driven by a 100 MHz near-
infrared frequency comb [3]. This approach generates harmonics up to 42 eV.
The resulting harmonics are employed in a resonant ionization protocol, where
the comb excites the transition of interest, followed by ionization with a narrow
NIR laser. The electron momenta are captured using the velocity map imaging
technique to simultaneously record multiple transitions.
[1] M. G. Kozlov et al., Rev. Mod. Phys. 90, 045005 (2018)
[2] Safronova et al., Phys. Rev. Lett. 113, 030801 (2014)
[3] J. Nauta et al., Opt. Express 29, 2624 - 2636 (2021)

A 33.13 Thu 17:00 Tent A
Towards Multidimensional XUV Spectroscopy Combined with Spectral In-
terferometry — ∙Lina Hedewig, Carlo Kleine, Alexander Magunia,
Christian Ott, and Thomas Pfeifer—Max-Planck-Institut für Kernphysik,
Saupfercheckweg 1, Heidelberg 69117, Germany
Using two infrared (IR) and two extreme ultraviolet (XUV) ultrashort pulses we
are currently implementing a method for multidimensional XUV spectroscopy
combined with spectral interferometry to gain further insight into gas-phase
quantum dynamics of atoms and molecules.

The setup is based on a four quadrant split-and-delay mirror which allows in-
dependent time delay control of each beam with attosecond precision, similar
to [1]. One XUV pulse excites an electronic wavepacket in the target generating
a coherent dipole response. This wavepacket is strong-field coupled by the two
intensity-tunable IR pulses, allowing selective control of state-specific quantum
dynamics. Due to phase-matching requirements, the IR-modified response can
be diffracted towards the remaining fourth beam, comparable to [2], and creates
a nearly background-free signal, partially still overlapping with the initial XUV
beam. Spatially resolving the signals in our XUV spectrometer, both collinear
and non-collinear pathways are recorded. To additionally extract the phase of
the dipole response, the second XUV beam serves as local oscillator for hetero-
dyned spectral interferometry. The poster presents the experimental setup and
first measurements.

[1] Zhang et al., Opt. Lett. 38, 356-358 (2013)
[2] Bengtsson et al., Nature Photon 11, 252-258 (2017)

A 33.14 Thu 17:00 Tent A
Fundamental physics tests with an optical clock based on Ca14+ — ∙Malte
Wehrheim1, Lukas J. Spiess1, AlexanderWilzewski1, Shuying Chen1, Jan
Richter1, Agnese Mariotti4, Elina Fuchs4, Andrey Surzhykov1,5, Erik
Benkler1, Melina Filzinger1, Nils Huntemann1, José R. Crespo Lopez-
Urrutia2, and PietO. Schmidt1,3 — 1Physikalisch-Technische Bundesanstalt,
Bundesallee 100, 38116 Braunschweig, Germany — 2Max-Planck-Instituts für
Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany — 3Institut für
Quantenoptik, Leibniz Universität Hannover, Welfengarten 1, 30167 Hannover,
Germany — 4Institut für Theoretische Physik, Leibniz Universität Hannover,
Appelstraße 2, 30167 Hannover, Germany — 5Technische Universität Braun-
schweig, Universitätsplatz 2, 38106 Braunschweig, Germany
We conduct quantum logic spectroscopy on highly charged ions enabling us to
measure atomic parameters which are compared to ab-initio calculations. Clock
operation is performed by stabilizing a laser to the 3P0 → 3P1 fine structure
transition in Ca14+. Its absolute frequency is determined by comparing it to the
atomic clock based on the Yb+ octupole transition at PTB. Measurements of the
five stable isotopes of calcium with even number of nucleons to 2 parts in 1016
yield the isotope shifts with a fractional uncertainty of 2 ∗ 10−10. By combining
this result with spectroscopy data in singly charged calcium and precise mea-
surements of the nuclear masses, bounds can be placed on a hypothetical fifth
force.

A 33.15 Thu 17:00 Tent A
The LSYM experiment — ∙Andreas Thoma, Daniel Rubin, Lukas Holt-
mann, Fabian Raab, Maria Pasinetti, Sangeetha Sasidharan, and Sven
Sturm—Max Planck Institut für Kernphysik
One of the currently most important and unsolved questions in physics is the
unbalance in quantity of matter and antimatter in the universe, which is in con-
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tradiction to Quantum Electrodynamics (QED), the most successful quantum
field theory in the Standard Model.

LSym is a cryogenic Penning trap experiment being developed to measure
mass, charge and g-factor of positrons and electrons at a precision of 10e-14
magnitude, that could possibly falsify CPT symmetry.
To achieve such accuracy the particles have to be cooled down to 300mK to

ensure finding the positron in the ground state where spin-flips can be accessed
via excitations of the Larmor mode.
Here, the experimental setup and methods as well as challenges of cooling to

cryogenic temperatures will be presented.

A 33.16 Thu 17:00 Tent A
Pairing dome from an emergent Feshbach resonance in a strongly repulsive
bilayer model— ∙Hannah Lange1,2,3, LukasHomeier1,3, EugeneDemler4,
Ulrich Schollwöck1,3, Annabelle Bohrdt3,5, and Fabian Grusdt1,3 —
1LMU Munich, Germany — 2MPI for Quantum Optics, Garching, Germany
— 3Munich Center for Quantum Science and Technology, Germany — 4ETH
Zurich, Switzerland — 5University of Regensburg, Germany
A key to understanding unconventional superconductivity lies in unraveling the
pairing mechanism of mobile charge carriers in doped antiferromagnets, giving
rise to an effective attraction between charges even in the presence of strong re-
pulsive Coulomb interactions. In this talk, I will consider a mixed-dimensional
t-J ladder, a system that has recently been realized with ultracold atoms [1],
and show how it can be extended with a nearest neighbor Coulomb repulsion.
With repulsion turned off, the system features tightly bound hole pairs and large
binding energies (closed channel). When the repulsion strength is increased, a
crossover to more spatially extended, correlated pairs of individual holes (open
channel) can be observed. In the latter regime, we still find robust binding ener-
gies that are strongly enhanced in the finite doping regime. The effective model
in the strongly repulsive regime reveals that the attraction is mediated by the
closed channel, in analogy to atomic Feshbach resonances between open and
closed channels [2].

[1] Hirthe et al., Nature 2023
[2] Lange et al., arXiv:2309.15843, 2309.13040

A 33.17 Thu 17:00 Tent A
ARPES spectroscopy of an extended Majumdar-Ghosh model — ∙Simon
M. Linsel1,2, Nader Mostaan1,2,3, Annabelle Bohrdt2,4, and Fabian
Grusdt1,2 — 1LMU Munich, Germany — 2Munich Center for Quantum Sci-
ence and Technology, Germany — 3Université Libre de Bruxelles, Brussels, Bel-
gium — 4University of Regensburg, Germany
Experimental and numerical spectroscopy have revealed novel physics in anti-
ferromagnets, in particular in frustrated and doped systems. The Majumdar-
Ghosh (MG) model has an analytically known spin-disordered ground state of
dimerized singlets as a result of magnetic frustration. Here we study the single-
hole angle-resolved photoemission spectroscopy (ARPES) spectrum of an ex-
tended MG model, where we introduce a spin-density interaction that is ex-
perimentally accessible with ultracold molecules. We report a bound spinon-
holon ground state and clear signatures of a spinon-holon molecule state and
polarons in the ARPES spectrum at different magnetizations. We also apply a
Chevy ansatz to gain analytical insights into the molecule spectrum. Our results
provide new insights into the physics of dopants in frustrated t-J models.

A 33.18 Thu 17:00 Tent A
Advances in microfabrication of Metallic Magnetic Calorimeters— ∙Daniel
Kreuzberger, Andreas Reifenberger, Andreas Abeln, Alexander Or-
low, Daniel Hengstler, Andreas Fleischmann, and Christian Enss —
Heidelberg University
Metallic Magnetic Calorimeters (MMCs) are low temperature particle detectors
which can reliably be produced with multilayer microfabrication techniques.
Moreover, the consequent use of these techniques allows for the fabrication of
thousands of virtually identical detectors as required for large, dense packed ar-
rays. Using various examples of current MMC detectors which are actively used
for high resolution x-ray spectroscopy, we present the status of our microfabri-
cation processes. This includes the fabrication of overhanging x-ray absorbers
made of gold with a thickness up to 100 μm. For this, a newly developed fab-
rication process is presented, preventing almost all athermal phonons from es-
caping in the substrate without thermalization in the sensor. We also discuss
copper filled Through-Silicon-Vias (TSV) used to heatsink the detector pixels to
the wafer backside.

A 33.19 Thu 17:00 Tent A
Tests ofQED and determination of nuclear parameters with the hydrogenlike
beryllium-9 ion — ∙Bastian Sikora, Vladimir A. Yerokhin, Zoltan Har-
man, and Christoph H. Keitel — Max Planck Institute for Nuclear Physics,
Heidelberg, Germany
In an external magnetic field, the ground state of the 9Be3+ ion is split intomulti-
ple sublevels due to hyperfine and Zeeman effect. The bound electron’s д-factor,
the ground-state hyperfine splitting as well as the shielded magnetic moment of

the nucleus can be determined by measurements of transition frequencies be-
tween these sublevels [1].

We present theoretical calculations of the nuclear shielding constant, the
ground-state hyperfine splitting and the bound-electron д-factor [2]. The nu-
clear shielding constant is used to extract the magnetic moment of the bare nu-
cleus with unprecedented precision, enabling a first test of multi-electron shield-
ing calculations performed for the lithiumlike 9Be+ ion. Furthermore, we im-
prove the accuracy of the effective nuclear Zemach radius using the theory of
hyperfine splitting. We also present the contributions of muonic and hadronic
vacuum polarization to hyperfine splitting, calculated for different nuclear mod-
els [3]. We also study a weighted difference of hyperfine splittings of the hydro-
genlike and ithiumlike Be ions which is found to be in excellent agreement with
experimental results.

[1] A. Schneider, B. Sikora, S. Dickopf, et al., Nature 606, 878 (2022)
[2] S. Dickopf, B. Sikora, et al., in preparation
[3] J. Heiland and B. Sikora, in preparation

A 33.20 Thu 17:00 Tent A
Off-resonant measurements of trapped ions using a dual hot-end resonator
— ∙Stefan Ringleb1, Markus Kiffer1, Manuel Vogel2, and Thomas
Stöhlker1,2,3 — 1Friedrich Schiller-Universität Jena, 07743 Jena, Germany
— 2GSI Helmholtzzentrum für Schwerionenforschung, 64291 Darmstadt, Ger-
many — 3Helmholtz-Institut Jena, 07743 Jena, Germany
Ion detection in Penning traps is typically done using resonant circuits which
consist of a wound coil connected to one electrode. The oscillating ions induce
a current via mirror charges which drives the resonator resulting in a voltage for
ion detection. Using such configurations in combination with superconducting
coils, also single ions can be detected. This technique also allows for fast resis-
tive ion cooling to reduce the centre-of-momentum energy of an ion or an ion
ensemble with a correlated ion motion.
In our setup, we have investigated another approach - a normal-conducting res-
onator connected to two opposing electrodes. In this configuration, we are able
to detect ion ensembles with a considerably high centre-of-momentum motion
both in resonance and off resonance. This allows for ion detection without con-
current ion cooling opening new possibilies to characterise the ion bunch prop-
erties - in particular the transfer of ion energy from the centre-of-mass motion
to the uncorrelated axial motion.
We will present our experimental setup and will give insight into the methods
we can apply to determine the dephasing behaviour of the ion bunch.

A 33.21 Thu 17:00 Tent A
Quantumorbit simulations of above-threshold ionization (ATI) onnanomet-
ric tips with few-cycle pulses — ∙Timo Wirth and Peter Hommelhoff —
Lehrstuhl für Laserphysik, Friedrich-Alexander-Universität Erlangen-Nürnberg
(FAU), Erlangen
When nanometric tips are exposed to light in the strong field regime, electrons in
the tip are ionized through tunnel ionization (step 1). The free electrons are then
driven in the laser field (step 2). While most of these electrons will not return to
the tip (direct electrons), a fraction is driven back to the tip and elastically scat-
ters at the tip surface (step 3). This rescattering process can be understood clas-
sically within the three-step model. Classical simulations can give insights into
the rescattering process, but a quantum-mechanical approach allows deeper in-
sights. This can be done with the time-dependent Schrödinger equation (TDSE).
However, TDSE simulations often do not allow a good qualitative understanding
of the results. Such an understanding can be gained from quantum orbit sim-
ulations. The quantum orbit theory is based on the strong-field approximation
(SFA) and includes the crucial quantum mechanics ab initio. We discuss the re-
sults of quantum orbit simulations of the ATI process at nanometric needle tips.

A 33.22 Thu 17:00 Tent A
Momentum induced tunneling of Bose-Einstein Condensates — ∙Daida
Thomas1, Knut Stolzenberg1, Dustin Lindberg2, Sebastian Bode1,
Denys Bondar2, Ernst M Rasel1, Naceur Gaaloul1, and Dennis
Schlippert1 — 1Leibniz Universität Hannover, Institut für Quantenoptik,
Welfengarten 1, 30167 Hannover — 2Tulane University, 6823 St. Charles Av-
enue, New Orleans, LA 70118
Quantum tunneling of BEC’s in a double well potential has been explored in
the realm of entanglement generation and Josephson tunneling. Traditional ap-
proaches for creating a double well mostly involved inserting barriers in a single
well leading to the creation of a double-well system. We accelerate atoms to-
wards a barrier in a double-well system, inducing momentum driven tunneling
and envision testing our technique with asymmetric barriers. This is done in
optical dipole traps, incorporating acousto-optical deflectors, thereby allowing
versatile control over the trapping potentials with respect to position and trap
depth. The sample used is a 87Rb Bose-Einstein condensate, prepared in a mag-
netically insensitive state, with a sample size of up to 300×103 atoms. We report
on preliminary implementation prospects of tunneling to study the preferential
tunneling direction of BEC’s and quantum correlations stemming from the non-
linear dynamics of atomic interactions.
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A 33.23 Thu 17:00 Tent A
Ionmicroscope as a versatile tool for probing Rydberg physics, ultracold ions
and hybrid systems — ∙Viraatt S.V. Anasuri1, Moritz Berngruber1, Jen-
nifer Krauter1, Ruven Conrad1, Raphael Benz1, Óscar Andrey Her-
rera Sancho1,2,3,4, FlorianMeinert1, Robert Löw1, and Tilman Pfau1 —
15. Physikalisches Institut andCenter for IntegratedQuantum Science and Tech-
nology, Universität Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany —
2Escuela de Física, Universidad de Costa Rica, 2060 San Pedro, San José, Costa
Rica — 3Centro de Investigación en Ciencia e Ingeniería de Materiales, Univer-
sidad de Costa Rica, 2060 San Pedro, San José, Costa Rica — 4Centro de Inves-
tigación en Ciencias Atómicas, Nucleares y Moleculares, Universidad de Costa
Rica, San José, Costa Rica
The long-range interactions in ion-atom hybrid systems lead to fascinating phe-
nomena that can be spatially and temporally studied using our high-resolution
ionmicroscope. Our recent studies on a cold ion-Rydberg systemwith rubidium
atoms include observation of novel boundmolecular states. Owing to the nature
of the long range interactions, the s-wave scattering regime for ion-atom hybrid
systems has thus far been elusive. Our proposed initialization of the scattering
event via photo-ionization of an ultra-long range Rydberg molecule of lithium
atoms combined with the excellent resolution and electric field stability of our
ion microscope makes it possible to enter the few partial wave regime.

A 33.24 Thu 17:00 Tent A
A dedicated 2-dimensional array of metallic magnetic microcalorimeters to
resolve the 29.18keV doublet of 229Th — ∙A. Striebel, A. Abeln, S. All-
geier, A. Brunold, J. Geist, D. Hengstler, D. Kreuzberger, A. Orlow, L.
Gastaldo, A. Fleischmann, and C. Enss—Heidelberg University
The isotope 229Th has the nuclear isomer state with the lowest presently known
excitation energy, which possibly allows to connect the fields of nuclear and
atomic physics with the potential application as a nuclear clock. In order to ex-
cite this very narrow transition with a laser a precise knowledge of the transition
energy is needed. Recently the isomer energy (8.338 ± 0.024) eV [Kraemer et
al., arXiv:2209.10276, 2022] could be precisely determined. To get valuable in-
sights, we will improve our high-resolution measurement [Sikorsky et al., PRL
125, 2020] of the γ-spectrum following the α-decay of 233U. This decay partially
results in excited 229Th with a nuclear state at 29.18 keV. Resolving the doublet,
that in turn results from de-excitation to the ground and isomer state, respec-
tively, would allow an independent measurement of the isomer energy as well as
the branching ratio of both transitions. To resolve this doublet, a 2D detector
array consisting of 8× 8metallic magnetic calorimeters (MMCs) was fabricated.
MMCs are operated at mK temperatures and convert the energy of a single inci-
dent γ-ray photon into a temperature pulse which ismeasured by a paramagnetic
temperature sensor. We discuss the detector properties, including an energy res-
olution of 3.1 eV (FWHM) at 5.9 keV and present first spectra of 229Th taken
with this detector.

A 33.25 Thu 17:00 Tent A
Progress towards a novel apparatus for unit testing of ion trap prototypes
and development of ion transport protocols — ∙Ludwig Krinner1,2, Chris-
tian Joohs1,2, Tobias Pootz1, Emma Vandrey1, Nila Krishnakumar2, and
Friederike Giebel2 — 1Leibniz Universität Hannover, Welfengarten 1, 30167
Hannover — 2Physikalisch Technische Bundesanstalt, Bundesallee 100, 38116
Braunschweig
We report on progress towards an apparatus for testing and characterization of
an in-house fabricated surface-electrode ion-trap chip [1], for realization of the
QCCD-architecture [2, 3]. The apparatus will mount the combination of trap-
chip and chip-interposer on a socket made from PEEK and copper, which also
house various ablation-targets for loading beryllium, calcium and strontium.
The apparatus has an integrated system for in-situ surface cleaning using argon
ions [4], to enable low heating rates.

We will present the current status of the the setup, specifically the character-
ization of imaging optics, progress on the beam-delivery setup as well as a real-
ization of transport waveforms to be tested on the trap chip currently in micro-
fabrication.
[1] A. Bautista-Salvador et al., N. J. Phys., Vol. 21, 043011 (2019)
[2] D.J. Wineland et al., J. Res. Natl. Inst. Stand. Technol. 103, 259 (1998)
[3] D. Kielpinski, C. Monroe, and D. J. Wineland, Nature 417, 709 (2002)
[4] D. A. Hite et al., Phys. Rev. Lett., Vol. 109, 103001 (2012)

A 33.26 Thu 17:00 Tent A
Nonlinear Pulse Compression Multi-Pass Cell characterized by Frequency-
Resolved Optical Gating for Extreme-Ultraviolet Frequency Comb Gener-
ation — ∙Fiona Sieber1, Lennart Guth1, Jan-Hendrik Oelmann1, To-
bias Heldt1, Prachi Nagpal1, Nick Lackmann1, Simon Angstenberger1,
Stepan Kokh1, Hannah Unold1, Lukas Matt1, Janko Nauta2, Thomas
Pfeifer1, and José R. Crespo López-Urrutia1 — 1Max-Planck-Institut for
Nuclear Physics, Heidelberg, Germany— 2Department of Physics, SwanseaUni-
versity, Singleton Park, SA2, United Kingdom
To conduct precision spectroscopy beyond the optical regime, we transfer a near-
infrared frequency comb with 100MHz repetition rate via high harmonic gener-

ation to the Extreme-Ultraviolet [1]. We aim to increase the yield of the harmon-
ics by further compressing the 80W pulses in a Herriott-type Multi-Pass Cell
(MPC). In the MPC the pulses are focused into a nonlinear medium where they
undergo self-phase modulation. Multiple passes stepwise broaden the spectrum
implying a decreased fourier transform limit for the pulse duration [2]. Using a
post-compression set-up with chirped mirrors, we decreased our pulse length of
200 fs to 100 fs. A Frequency-Resolved Optical Gating set-up is used to evaluate
the pulse shape and duration.

[1] J. Nauta et al., Optics Express, Vol. 29, No. 2, 2624 (2018)
[2] A.-L. Viotti et al., Optica, Vol. 9, No. 2, 197 (2022)

A 33.27 Thu 17:00 Tent A
Multi-Pass Process Tomography: precision and accuracy enhancement —
∙Stancho Stanchev — Department of Physics, St Kliment Ohridski Univer-
sity of Sofia, 5 James Bourchier blvd, 1164 Sofia, Bulgaria
In this work, we introduce an alternative method to enhance the precision
and accuracy of Quantum Process Tomography (QPT) by mitigating the errors
caused by state preparation and measurement (SPAM), readout and shot noise.
Instead of conducting QPT solely on a single gate, we propose performing QPT
on a pulse train (multi-pass) consisting ofmultiple identical instances of the gate.
By obtaining the Pauli transfer matrix of the multi-pass process, we outline a
post-processing procedure for a more precise and accurate characterization of
the single process. We demonstrate the effectiveness of this approach through
simulation on the IBM Quantum - ibmq qasm simulator and experimental im-
plementation on the processor ibmq manila, Falcon r5.11L.

A 33.28 Thu 17:00 Tent A
On The Generation Of Arbitrary Tweezer Geometries For Neutral Atom
Quantum Computing — ∙Jakob Wüst1, Stefan Boschmann1, Jonas
Gutsche1, Jens Nettersheim1, Jonas Witzenrath1, Niclas Luick2,
Thomas Niederprüm1, Dieter Jaksch2, Henning Moritz2, Herwig Ott1,
Peter Schmelcher2, Klaus Sengstock2, and Artur Widera1 — 1RPTU
Kaiserslautern-Landau, Kaiserslautern, Germany — 2University of Hamburg,
Hamburg, Germany
The advent of commercially viable quantum computation will critically improve
our ability to solve hard optimization problems. This requires an easily scalable
and stable platform, for which neutral atom based systems are a promising can-
didate. As core components of such quantum computers, the generation and
control of homogeneous trapping arrays as well as their deterministic loading
are of particular interest.

Here, we report on the generation of large arrays of optical tweezers with a
Spatial Light Modulator (SLM). We characterize the tweezer array and quantify
the limitations imposed on the patterns by our experimental conditions. Fur-
thermore, we present a method for characterizing a sorting beam controlled by
two separate acousto-optic deflectors and the response of the beam to different
forms of radio frequency ramps and different ramping speeds.

A 33.29 Thu 17:00 Tent A
Tracking XUV strong couplings with absorption line-shape changes and
underlying population transfer with a convolutional neural network —
∙Alexander Magunia, Daniel Richter, Marc Rebholz, Christian Ott,
andThomasPfeifer—Max-Planck-Institut für Kernphysik, 69117Heidelberg,
Germany
The electronic states within an atom ormolecule determine their properties, also
while interacting with their environment. As shown recently in helium atoms,
electronic population can be effectively transferred from the ground state to va-
lence states with intense extreme-ultraviolet (XUV) free-electron laser pulses via
Rabi cycling (1). The underlying strong-field coupling of states during the Rabi
dynamics also leads to changes in the absorption line shape (2,3).

In our contribution, we will describe methods to model and understand ultra-
fast strong couplings in a two-level system and resulting absorption line-shape
changes. Furthermore, we extend the system by including two excited bound
states or an ionization continuum. We also present a convolutional neural net-
work, which can predict time-resolved electronic bound-state populations from
the (simulated) absorption spectra.

(1) S.N. et al., Nature 608, 488-493 (2022)
(2) Phys. Rev. Lett. 123, 163201 (2019)
(3) Appl. Sci. 10, (18) 6153 (2020)

A 33.30 Thu 17:00 Tent A
All-optical matter-wave lensing to pK energie— ∙AlexanderHerbst1, Tim-
othé Estrampes1,2, Robin Corgier3, Wei Liu1, Knut Stolzenberg1, Eric
Charron2, Ernst Rasel1, Naceur Gaaloul1, and Dennis Schlippert1 —
1LeibnizUniversität Hannover, Institut fürQuantenoptik,Welfengarten 1, 30167
Hannover, Germany — 2Université Paris-Saclay, CNRS, Institut des Sciences
Moléculaires d’Orsay, 91405 Orsay, France — 3LNE-SYRTE, Observatoire de
Paris, Université PSL, CNRS, Sorbonne Université 61 avenue de l’Observatoire,
75014 Paris, France
We report on an all-optical collimationmethod for matter-waves, utilizing time-
averaged potentials and tunable interactions. By rapid decompression of an op-
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tical dipole trap, we induce size oscillations to a BEC, which are then used to
minimize the momentum spread of the ensemble with a well-timed release. Ad-
ditionally, we choose 39K as atomic species which allows to tailor the atomic
scattering length by means of magnetic Feshbach resonances. Minimizing in-
teractions, we show an enhancement of the collimation compared to the strong
interaction regime, realizing ballistic 2D expansion energies of 438±77 pK in our

experiment. We analyze the individual contributions to the ensemble dynamics,
using an accurate simulation of our results. Based on our findings we present
an advanced scenario which allows for 3D expansion energies below 16 pK by
implementing an additional pulsed delta-kick collimation directly after release
from the trapping potential.

A 34: Poster VII
Time: Thursday 17:00–19:00 Location: Tent B

A 34.1 Thu 17:00 Tent B
Narrow-Linewidth Laser System for Optical Trapped Barium Ion Coulomb
Crystals— ∙WeiWu, DanielHoenig, AndreasWeber, and Tobias Schaetz
— University of Freiburg, Institut of Physics, Hermann-Herder-Strasse 3,
Freiburg 79104, Germany
We designed and implemented a 1762 nm laser system, specifically for driving
the electric quadrupole transition from S1/2 to D5/2 states in Ba138 ions. The
laser is locked to an 100mmULE cavity using PDH circuits and its wavelength is
determined using a Michelson interfereometer. The laser system permits to dis-
cern the motional energy levels of ions within a optical dipole trap or Paul trap,
which subsequently facilitates the implementation of Raman side-band cooling,
enabling us to exert precise control over the ion temperature. Such presicion will
significantly help us enhancing the understanding of the dynamics of the bar-
ium ion influenced by its colissions with ultracold lithium or rubidium atoms.
Moreover it can be used to populate ions in a superposition of elecronic states,
allowing for in-depth investigation of electronic state dependence of optical po-
tential towards conditional stimulated phase transitions and their related super-
positions.

A 34.2 Thu 17:00 Tent B
Towards fermionic weakly-bound open-shell RbSr molecules — ∙Noah
Wach1,2, Digvijay Digvijay1, Premjith Thekkeppatt1, Klaasjan van
Druten1, and Florian Schreck1 — 1Van der Waals-Zeeman Institute, Insti-
tute of Physics, University of Amsterdam, The Netherlands — 2Physikalisches
Institut der Universität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidel-
berg, Germany
Our goal is to produce ultracold RbSr polar, open-shell molecules, to extend
the range of possibilities offered by ultracold molecular physics. Unlike in alkali
atoms, Feshbach resonances in alkali-alkaline earth atoms are extremely narrow
due to the non-magnetic ground state of alkaline earth atoms. The creation of
weakly bound molecules of alkali-alkaline earth atoms is strongly hindered by
the very weak coupling of the Feshbach resonances. Here we present our novel
approach, utilizing confinement-induced resonances (CIR) in a strongly inter-
acting Bose-Fermi mixture to create weakly bound RbSr molecules. We plan to
take advantage of CIR, which strongly couples an excited trapped state of a very
weakly bound molecule to the atomic pair state in a strongly interacting Rb-Sr
mixture. We also observe the protection against 3-body collisional losses in a
strongly interacting Bose-Fermi mixture in the quasi-2D regime.

A 34.3 Thu 17:00 Tent B
multiply charged ions from highly-charged helium droplets — ∙shaimaa
Habib — 1Universität Innsbruck, Institut für Ionenphysik und Angewandte
Physik, Technikerstr. 25, A-6020 Innsbruck, Austria

Helium droplets have been demonstrated to pick up dopants from the gas phase,
and evaporative cooling enables experiments at temperatures below 1 K [1].
Massive doping of neutral droplets leads to the formation of nanoparticles and
quantum wires which were studied after deposition with high resolution mi-
croscopy [2] and in situ via coherent X-ray diffraction [3]. Recently, we dis-
covered that large helium droplets can become highly-charged [4]. The charge
centers self-organize as two-dimensional Wigner crystals at the surface of the
droplets and act as seeds for the growth of dopant clusters [5]. Cluster ions and
charged nanoparticles of a specific size and composition can be formed by this
technique with unprecedented efficiency. Dopant cluster ions can be extracted
by collision induced evaporation of the host droplet [6,7] or by splashing of the
droplet upon surface impact [8]. Both methods are suitable to form high yields
of He tagged ions of both polarities which enables messenger type spectroscopy
of all kinds of cold ions. The location of charge centers in multiply charged He
droplets close to the surface makes them accessible for subsequent interactions
with metastable He atoms which leads to Penning ionization and the formation
of cold multiply-charged dopant ions. For many dopant clusters, we obtain crit-
ical sizes of di- and trications that are well below the values obtained by conven-
tional techniques.

A 34.4 Thu 17:00 Tent B
multiply charged ions from highly-charged helium droplets — ∙shaimaa
Habib1,2, S Bergmeister1, L Ganner1, F Foitzik1, I Stromberg1, F Zappa1,
O Echt1, P Scheier1, and E Gruber1 — 11Universität Innsbruck, Institut für
Ionenphysik und Angewandte Physik, Technikerstr. 25, A-6020 Innsbruck, Aus-
tria — 2Faculty of Science, Damnhour University, Egypt
Helium droplets have been demonstrated to pick up dopants from the gas phase,
and evaporative cooling enables experiments at temperatures below 1 K [1].
Massive doping of neutral droplets leads to the formation of nanoparticles and
quantum wires which were studied after deposition with high resolution mi-
croscopy [2] and in situ via coherent X-ray diffraction [3]. Recently, we dis-
covered that large helium droplets can become highly-charged [4]. The charge
centers self-organize as two-dimensional Wigner crystals at the surface of the
droplets and act as seeds for the growth of dopant clusters [5]. Cluster ions and
charged nanoparticles of a specific size and composition can be formed by this
technique with unprecedented efficiency. Dopant cluster ions can be extracted
by collision induced evaporation of the host droplet [6,7] or by splashing of the
droplet upon surface impact [8]. Both methods are suitable to form high yields
of He tagged ions of both polarities which enables messenger type spectroscopy
of all kinds of cold ions.

A 35: Poster VIII
Time: Thursday 17:00–19:00 Location: Tent C

A 35.1 Thu 17:00 Tent C
Narrow and Ultranarrow transitions of highly charged Xe as probes for
fifth forces — ∙Nils-Holger Rehbehn1, Michael Karl Rosner1, Julian C.
Berengut2,1, Piet O. Schmidt3,4, Thomas Pfeifer1, Ming Feng Gu5, and
José R. Crespo López-Urrutia1 — 1Max-Planck-Institut for Nuclear Physics,
69117 Heidelberg, Germany — 2School of Physics, University of New South
Wales, Sydney, New South Wales 2052, Australia — 3Physicalisch-Technische
Bundesanstalt, 38116 Braunschweig, Germany — 4Leibniz-Universität Han-
nover, 30167 Hannover, Germany — 5Space Science Laboratory University of
California, 94720 Berkeley, California, USA
A hypothetical fifth force acting between constituents of an atom could lead to
a New Physics Model beyond the Standard Model. Such a model could poten-
tially explain several phenomenon categorized under Dark Matter. To this end,
we measured thirteen optical transitions in highly charged xenon which can be
used in future quantum logic spectroscopy method measurements. Its antici-
pated precision is used to evaluate theoretical King-plots to reveal the most sen-

sitive pairs. The sensitivity to a fifth force will be improved by four orders of
magnitude compared the the most recent King-plot analyses, while overcom-
ing higher orders of the Standard Model and isotope mass uncertainties via the
generalized King-plot.

A 35.2 Thu 17:00 Tent C
Characterization of a radiofrequency trap for electrons — ∙Vladimir
Mikhailovskii1, Natalija Sheth1, Hendrik Bekker1, Guofeng Qu2,
Yuzhe Zhang1, Ferdinand Schmidt-Kaler3, Christian Smorra3, Hart-
mut Häffner4, and Dmitry Budker1,3,4 — 1Helmholtz-Institut Mainz, GSI
Helmholtzzentrum für Schwerionenforschung, Mainz, Germany — 2Institute
of Nuclear Science and Technology, Sichuan University, Chengdu, China —
3Johannes Gutenberg-Universität, Mainz, Germany — 4Department of Physics,
University of California, Berkeley, USA
We demonstrate trapping of electrons in a radiofrequency trap. The low charge-
to-mass ratio of electrons puts special requirements on the experiment. First, we
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need electrons at low energies. Since electrons lack internal structure, which is
commonly used to laser cool ions, it is necessary to produce them at low energies
at the trap center. This is achieved by two-step photoionization of a Ca beam [1],
where the atoms are ionized only slightly above the ionization threshold. Sec-
ond, the trap must be operated at high frequencies. We have realized such a trap,
consisting of three PCBs described in [2], and are currently characterizing its
performance at 1.6 GHz in a UHV system. After loading the trap, the electrons
are detected after a variable waiting time by extraction and subsequent detection
with an electron multiplier tube. The results on the trap depth and the lifetime
of the trapped electrons are presented.
[1] S. Gulde et al, Appl. Phys. B; 73, 861(2001)
[2] C. Matthiesen et al, Phys. Rev. X; 11, 011019 (2021)

A 35.3 Thu 17:00 Tent C
Characterization of electron-production efficiency in 40Ca two-step pho-
toionization for loading electrons into a radiofrequency trap — ∙Natalija
Sheth1, Vladimir Mikhailovskii1, Hendrik Bekker1, Guofeng Qu2,
Yuzhe Zhang1, Ferdinand Schmidt-Kaler3, Christian Smorra3, and
Dmitry Budker1,3,4 — 1Helmholtz-Institut Mainz, GSI Helmholtzzentrum
für Schwerionenforschung, Mainz, Germany — 2Institute of Nuclear Science
and Technology, Sichuan University, Chengdu, China — 3Johannes Gutenberg-
Universität, Mainz, Germany — 4Department of Physics, University of Califor-
nia, Berkeley, USA
Radiofrequency (RF) traps are widely used for trapping ions, molecules, and
even nanoparticles [1], while confining of electrons remains a challenging task.
Within the AntiMatter On a Chip project we are characterizing an RF trap for
electrons keeping in mind future possibility of trapping positrons. Loading elec-
trons into the RF trap is realized by two-step photoionization (PI) of neutral Ca
atoms [2]: excitation 41S0 - 4

1P1 with a 423 nm laser, and ionization from 41P1 to
continuum with a 393 nm laser. This approach allows production of cold elec-
trons within the effective volume of the trap. A Ca atomic beam is produced
by thermal evaporation of Ca. PI signal detection is realized by an electron-
multiplier tube. Dependence of the PI signal on the lasers power and the detec-
tion efficiency are discussed.
[1].D. Bykov, et al. Rev. Sci. Inst; 93 (7), 073201 (2022)
[2].S. Gulde, et al. Appl Phys B; 73, 861 (2001).

A 35.4 Thu 17:00 Tent C
Theory of Bloch-oscillation-enhanced atom interferometry — ∙Ashkan
Alibabaei1,2, Florian Fitzek1,2, Jan-Niclas Kirsten-Siemss1,2, Klemens
Hammerer1, and Naceur Gaaloul2 — 1Institute for Theoretical Physics,
Leibniz University Hannover, Appelstraße 2, 30167 Hannover, Germany —
2Institute of Quantum Optics, Leibniz University Hannover, Welfengarten 1,
30167 Hannover, Germany
We investigate the fundamental limits of Large Momentum Transfer (LMT)
Atom Interferometry by using the Bloch oscillations of atoms in optical lattices.
A thorough theoretical framework for Bloch-oscillation-enhanced atom inter-
ferometry is presented and validated through a comparison with numerical so-
lutions of the Schrödinger equation. This establishes design criteria to reach the
fundamental efficiency and accuracy limits of large momentum transfer using
Bloch oscillations. We apply our findings to current state-of-the-art experiments
and make projections for the next generation of quantum sensors. Finally, we
outline future steps to include the effects of the lattice potential in transverse
direction towards a more realistic description. This will facilitate our ability to
perform comprehensive analyses of the statistical and systematic errors for fu-
ture Bloch-enhanced LMT atom interferometers.

A 35.5 Thu 17:00 Tent C
Proposal for a series of experiments on autonomous running and starting of
an ion trap micro engine — ∙Diego Fieguth1,2, Peter Stabel1,2, and James
Anglin1,2 — 1RPTU Kaiserslautern — 2Landesforschungszentrum OPTIMAS
A minimal realization of a combustion engine, in the sense of a system that en-
ables secular energy transfer across a large difference in dynamical time scales,
can be achieved with only two or three degrees of freedom evolving as a closed
dynamical system. We propose implementing a minimal engine model using
only the three-dimensional motion of a single trapped ion. The transverse vi-
brational modes of the ion in the trap will be analogous to fuel or heat baths, to
power work in the form of axial motion against an opposing force. We propose
a step-by-step sequence of trapped ion experiments that involve launching the
ion with some initial velocity in the axial direction. In all cases, the microscopic
engine runs autonomously, in the sense that it evolves under a time-independent
Hamiltonian with no external power and no external control. In addition, the
proposed experiments demonstrate the non-trivial constraints which must be
obeyed if the microscopic engine is to be able not only to run autonomously,
but also to start autonomously. We explain how these constraints arise from
unitarity, through the Kruskal-Neishtadt-Henrard (KNH) theorem of classical
adiabatic theory and its recently proven quantum analog.

A 35.6 Thu 17:00 Tent C
Formation and Decay of Charged Rydberg Dimers and Trimers — ∙Neethu
Abraham and Matthew Travis Eiles—Max Planck Institute for the Physics
of Complex Systems, Dresden, Germany
The preparation and detection of various types of Rydberg molecules, ranging
from Rydberg macrodimers to Rydberg atom-ion molecules is a major advance-
ment in the field of ultracold atomic physics. The lifetimes of these molecules are
typically shorter than those of bare Rydberg atoms, indicating the involvement
of non-radiative decay processes in their dynamics. Specifically, the presence of
non-adiabatic coupling between electronic potential energy curves could be a
significant factor in their decay. We explore this mechanism here in the Rydberg
atom-ionmolecule system, where a vibrational bound state can hop onto a repul-
sive potential curve and decay. We employ the streamlined version of the multi-
channel R-matrix method to compute the positions and widths of the resonance
states, revealing notable alterations arising from the influence of this coupling.
An extended version of the Rydberg atom-ion dimer is a Rydberg atom-atom-
ion trimer system, and we investigate the prospect of its formation. The interac-
tion between the two Rydberg atoms leads to interesting phenomena influencing
the overall molecular configuration. Our primary objective is to provide a de-
tailed exploration of the electronic and vibrational structure of this tri-atomic
molecule.

A 35.7 Thu 17:00 Tent C
cryogenic strontium quantum processor — ∙Valerio Amico, Jackson An-
gonga, Roberto Franco, Xintong Su, and Christian Gross — University
of Tuebingen
Optical tweezers lattices hosting neutral Rydberg atoms are a promising plat-
form for quantum computing and simulation. However, the most demanding
challenge consists in mitigating noise due to environmental coupling. In our
ongoing project, we propose a pioneering approach that involves creating opti-
cal tweezer lattices, based in fermionic strontium 87, in a cryogenic environment
at 4K. The use of a closed-cycle cryostat will provide an extremely high vacuum
(XHV) environment of 1e-12 mbar which will reduce atom loss due to back-
ground gas and increase the atom lifetime in trap beyond 10 min thus enabling
the assembly of larger arrays. Furthermore, operating at cryogenic temperatures
will markedly reduce black-body radiation (BBR) and consequently reduce BBR-
induced transitions between Rydberg levels. This will increase Rydberg lifetime
and improve the fidelity of entangling gates and qubit coherence. In addition to
shielding provided by the 4K copper case, the cryogenic environment enables the
usage of superconducting coils, which offer outstanding passive stability of the
magnetic field and thereby increases the qubit coherence. In this presentation
we will showcase initial trapping and cooling of Sr-87 in our vacuum chamber,
the design and construction of our cryogenic chamber and our current efforts
towards cooling and transport of atoms into the cryostat.

A 35.8 Thu 17:00 Tent C
Realisation of a two-particle Laughlin state with rapidly rotating fermions—
∙Philipp Lunt, PaulHill, Johannes Reiter, MaciejGalka, Philipp Preiss,
and Selim Jochim— Physikalisches Institut, Universität Heidelberg
The fractional quantum Hall (FQH) effect features remarkable states that due
to their strongly correlated nature and exotic topological properties have stimu-
lated a rich body of research going far beyond the condensedmatter community,
where the effect was originally discovered. One fundamental class of FQH states
is described by the celebrated Laughlin wavefunction, which accounts for a large
number of plateaus in theHall resistivity and already exhibits interesting anionic,
fractionally charged quasi-particle excitations.

Here we present the direct realisation of the two-particle Laughlin wave-
function by rapid rotation of two interacting spinful fermions in a tight optical
tweezer. We owe this result to our newly established experimental tools allow-
ing us to precisely shape and modulate our optical potentials using coherently
interfering laser fields.

Our observations reveal distinctive features of the Laughlin wavefunction, in-
cluding a ground state distribution in the center-of-mass motion, a vortex distri-
bution in the relative motion, correlations in the relative angle of the two parti-
cles, and the suppression of inter-particle interactions. This achievement repre-
sents a significant step towards scalable experiments, enabling the atom-by-atom
assembly of fermionic fractional quantum Hall states in quantum simulators.

A 35.9 Thu 17:00 Tent C
Highfidelity quantumgates between electronic and nuclear spins in diamond
— ∙SimonGregorWalliser, PhilippVetter, and Fedor Jelezko— Institut
für Quantenoptik, Universität Ulm, Deutschland
Quantum computing is a rapid developing field which takes advantage of quan-
tum mechanical phenomena to efficiently solve complex problems.

A potential candidate, for a small-scale proof-of-principle quantum computer,
is the nitrogen vacancy (NV) center in diamond, a point defect in the diamond
lattice. It allows manipulation and optical readout of its electron spin state at
room-temperature and can control surrounding nuclear spins.

We implement several two-qubit gates between the electron spin of the NV
center and surrounding, weakly coupled carbon spins, based on dynamical de-
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coupling sequences. The performance of the gates is planned to be evaluated
through several protocols, which take state and measurement errors into ac-
count, to ensure a fair comparison with other systems.

A 35.10 Thu 17:00 Tent C
Applying machine learning optimization to a transfer beamline for highly
charged ions— ∙Elwin A. Dijck, VeraM. Schäfer, Stepan Kokh, Lukas F.
Storz, Christian Warnecke, Thomas Pfeifer, and José R. Crespo López-
Urrutia—Max Planck Institute for Nuclear Physics, Heidelberg
We optimize the production and transport of highly charged ions (HCIs)
through a low-energy beamline that serves to decelerate and inject HCIs pro-
duced by an electron beam ion trap (EBIT) into a cryogenic radiofrequency trap
for precision spectroscopy experiments [1]. The parameters to be optimized in-
clude EBIT settings, several dozen electrode voltages of electrostatic ion optics,
as well as the timing of voltage pulses for deceleration, charge state selection
and re-capture of HCI bunches. The online optimization is implemented using
the open-source software package M-LOOP, which includes the machine learn-
ing methods of Gaussian process regression and a gradient-based approximator
using an artificial neural network. The automated procedure allows faster opti-
mization, as well as the investigation of apparatus stability over time. We discuss
defining appropriate cost functions and the results obtained.

[1] Dijck et al., Rev. Sci. Instrum. 94, 083203 (2023)

A 35.11 Thu 17:00 Tent C
Dynamics of melting linear mixed-species Coulomb crystals — ∙Elwin
A. Dijck1, Luca A. Rüffert2, Lars Timm3, José R. Crespo López-
Urrutia1, and TanjaE.Mehlstäubler2,3 — 1MaxPlanck Institute forNuclear
Physics, Heidelberg — 2Physikalisch-Technische Bundesanstalt, Braunschweig
— 3Leibniz University, Hannover
We investigate the disappearance of ordered structure with increasing system
temperature of linear ion Coulomb crystals trapped in a linear radiofrequency
trap using molecular dynamics simulations. Understanding these dynamics is
valuable for optimizing the operation of multi-ion optical clocks and experi-
ments using highly charged ions for tests of fundamental physics. The thermal
motion at higher temperature causes ions to swap places at increasing rates, de-
pending on ion properties and trapping parameters. In particular, we study how
the melting dynamics are affected by the presence of ion species with differing
charge and/or mass. We support the simulation results with experimental data
of small Be+ ion crystals with and without a highly charged ion, controlling the
ion temperature using Doppler cooling/heating. We discuss different criteria for
defining themelting point and how the increased Coulomb repulsion by a highly
charged ion alters the crystal structure such that these mixed-species ion crystals
exhibit localized melting.

A 35.12 Thu 17:00 Tent C
Compact high precision electronics in space applications — ∙Alexandros
Papakonstantinou, Thijs Wendrich, Christian Reichelt, Matthias
Koch, and Ernst Rasel— Institut für Quantenoptik, Leibniz Universität Han-
nover
Atom interferometers with two species of cold degenerate quantum gases have
been used to measure the Eötvös ratio. Ground-based experiments face lim-
itations due to the trajectory of atoms within the confined space of the science
chamber, which impacts the improvement of the Eötvös ratio in the interferome-
ter due to the limitation of the free-fall time. However, employing amicrogravity
environment, provided for example by a sounding rocket or the ISS, presents ad-
vantages as it bypasses the constraints imposed by the apparatus size. In order to
achieve interferometers for such conditions, the development of high-precision,
compact electronics that meet the required standards and safety regulations for
both the ISS and unmanned sounding rockets is essential. The electronics pre-
sented in this poster were developed with our experience in the QUANTUS fam-
ily projects and proved their qualification by driving the lasers and magnetic
fields to create degenerate quantum gases of two species during the MAIUS-2
sounding rocket mission.

A 35.13 Thu 17:00 Tent C
Synthetic dimension-induced pseudo Jahn-Teller effect in one-dimensional
confined fermions — ∙André Becker1,2, Georgios M. Koutentakis3, and
Peter Schmelcher1,2 — 1Center for Optical Quantum Technologies, Depart-
ment of Physics, University ofHamburg, Luruper Chaussee 149, 22761Hamburg
Germany — 2The Hamburg Centre for Ultrafast Imaging, University of Ham-
burg, Luruper Chaussee 149, 22761 Hamburg, Germany — 3Institute of Science
and Technology Austria (ISTA), am Campus 1, 3400 Klosterneuburg, Austria
We demonstrate the failure of the adiabatic Born-Oppenheimer approximation
to describe the ground state of a quantum impurity within an ultracold Fermi
gas despite substantial mass differences between the bath and impurity species.
Increasing repulsion leads to the appearance of non-adiabatic couplings between
the fast bath and slow impurity degrees of freedomwhich reduce the parity sym-
metry of the latter according to the pseudo Jahn-Teller effect. The presence of this
mechanism is associated to a conical intersection involving the impurity position
and the inverse of the interaction strength which acts as a synthetic dimension.
We elucidate the presence of these effects via a detailed ground state analysis
involving the comparison of ab initio fully-correlated simulations with effective
models. Our study suggests ultracold atomic ensembles as potent emulators of
complex molecular phenomena.

A 36: Highly Charged Ions and their Applications II
Time: Friday 11:00–13:00 Location: HS 1010

Invited Talk A 36.1 Fri 11:00 HS 1010
Stringent Test of QED predictions using Highly Charged Tin — ∙Jonathan
Morgner, BingshengTu, CharlotteM.König, Tim Sailer, FabianHeisse,
Bastian Sikora, Chunhai Lyu, Vladimir Yerokhin, ZoltánHarman, José
R. Crespo López-Urrutia, Christoph H. Keitel, Sven Sturm, and Klaus
Blaum—Max-Planck-Institut für Kernphysik, Heidelberg
Quantum electrodynamics (QED) is one of the pillars of the StandardModel. Its
success in describing the fundamental interactions of charged particles, includ-
ing non-classical effects such as self-energy and vacuum polarisation, is demon-
strated in weak fields by the precise measurement of the electron magnetic mo-
ment (or д − 2) [1]. Testing this in strong fields is of similar importance, as it
allows exploring the boundaries of validity of the theory.

Here we present our recentmeasurement of the bound-electronmagnetic mo-
ment of hydrogen-like tin [2]. The highly charged ions are produced in an elec-
tron beam ion trap and ejected into the Alphatrap apparatus, where we store a
few single ions formonths to perform high-precision Penning-trap spectroscopy
on them. A comparison with the ab initio theory prediction shows agreement,
and is therefore a precise test of the underlying theory at the highest Z so far. We
additionally present measurements and first results of the lithium-like and the
boron-like tin system [3].
[1] X. Fan, et al., PRL 130, 071801 (2023),
[2] J. Morgner, et al., Nature 622, 53*57 (2023),
[3] J. Morgner, et al., in preparation.

A 36.2 Fri 11:30 HS 1010
Sympathetic cooling of ions using electron cyclotron radiation at the ELCO-
TRAP experiment — ∙Jost Herkenhoff, Sergey Eliseev, Sven Sturm, and
Klaus Blaum — Max-Planck-Institut für Kernphysik, 69117 Heidelberg, Ger-
many

The evolution of precision in recent Penning-trap experiments is driving the
need for ever-improving cooling techniques. In this talk, the prospect of a new
sympathetic cooling technique using an electron-plasma coupled to a single ion
is presented.

The cyclotron mode of electrons in a strong magnetic field and cryogenic en-
vironment decays to very low quantum numbers by emission of cyclotron radi-
ation, causing this mode to end up predominantly in its ground state. Driving
the motional sideband allows the axial motion to thermalize with the cyclotron
motion to its ground state, which can then be coupled to a single ion stored in
a spatially separated Penning trap using a common-resonator, allowing sympa-
thetic cooling of all motional degrees of the ion. The extremely low expected
temperatures in the millikelvin range open up an exciting new frontier of mea-
surements in Penning traps.

The first implementation of this technique is currently being developed at
the dedicated ELCOTRAP experiment at the Max-Planck Institute for Nuclear
Physics, whose current status and prospects will be presented in this talk.

A 36.3 Fri 11:45 HS 1010
Metastable state detection with Penning-trap mass spectrometry —
∙Kathrin Kromer1, Menno Door1, Pavel Filianin1, Zoltán Harman1,
Jost Herkenhoff1, Paul Indelicato2, Christoph H. Keitel1, Daniel
Lange1, Chunhai Lyu1, YuriN.Novikov1, Christoph Schweiger1, Sergey
Eliseev1, and Klaus Blaum1 — 1Max-Planck-Institut für Kernphysik, 69117
Heidelberg, — 2Laboratoire Kastler Brossel, Sorbonne Université, CNRS, Paris,
France
The construction of clocks in the XUV has recently become possible due to the
extension of the frequency comb method to this frequency range. In combina-
tion with the vast landscape of transitions in highly charged ions (HCIs) a next
generation of ultra precise clocks has comewithin reach. However, the search for
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suitable clock transitions, e.g. involving long-lived metastable electronic states,
usually relies heavily on complicated atomic structure calculations.

With the Penning-trap mass spectrometer Pentatrap, we can discover long-
lived metastable states and measure their energies without actively driving the
transition and therefore being independent of theoretical predictions. With this
method we have measured a metastable state energy in Pb as a mass difference
of just 31.2(0.8) eV on top of the mass of the lead nuclei of ≈194 GeV, making
it one of the most precise mass determination to date with a relative uncertainty
of 4 × 10−12 [K. Kromer et al., Phys. Rev. Lett., in print (2023)]. It is thereby
possible to benchmark atomic structure calculations in open-shell HCI.

A 36.4 Fri 12:00 HS 1010
Developments of microwave filters for the LSym experiment — ∙Fabian
Raab, MariaPasinetti, LukasHoltmann, DanielRubin, AndreasThoma,
Sangeetha Sasidharan, and Sven Sturm—MPIK Heidelberg
LSym is a new cryogenic Penning trap experiment that intends to test the sym-
metry ofmatter and antimatter in the lepton sector. In particular, the experiment
will test for differences in mass, charge and g-factor of the positron and electron
to achieve the most precise test for a hypothetical CPT violation so far.

In the experiment the positron has to be cooled to its ground state of motion.
Therefore, the trap assembly is cooled to about 300 mK, where the trap cavity
is largely depleted from black-body photons around the cyclotron frequency of
140 GHz. However, for the sideband cooling and the spin-manipulation we need
drives very close to the cyclotron frequency, which can cause adverse heating far
above the ground state if not accounted for.

This can be counteracted by implementing a microwave filter structure, which
allows the two drives to enter the trap almost unhindered, while blocking almost
all of the power close to the cyclotron frequency. Challenges that arise from the
close proximity of the drive modes to the cyclotron mode and some ideas to
overcome them will be presented here.

A 36.5 Fri 12:15 HS 1010
Positron source in the LSym experiment— ∙Maria Pasinetti, Fabian Raab,
Lukas Holtmann, Daniel Rubin, Andreas Thoma, Sangeetha Sasidha-
ran, and Sven Sturm—Max-Planck-Institut für Kernphysik
The goal of LSym is to conduct a stringent CPT test by comparing the proper-
ties of matter and antimatter with unprecedented sensitivity by simultaneously
comparing the spin precession frequencies of a single positron and an electron
in a millikelvin-cooled Penning trap. One of the challenges in this project is to
trap one or a few positrons from a rather weak (about 1MBq) radioactive 22Na
source. Furthermore, an efficient detection method for the positrons needs to
be designed and implemented. As the positrons follow a β+ decay spectrum,
they have to be moderated before entering the trap, a process with low efficiency
requiring careful execution. The trapped positron is then cooled to the ground-
state of motion in the center of the trap. This presentation illustrates the princi-
ples and techniques that will be used for the positron source at LSym.

A 36.6 Fri 12:30 HS 1010
Hyper-EBIT: The development of a source for very highly charged ions —
∙Athulya Kulangara Thottungal George, Matthew Bohman, Fabian
Heisse, CharlotteMaria König, JonathanMorgner, Kunal Singh, José
Ramon Crespo López-Urrutia, Sven Sturm, and Klaus Blaum — Max-
Planck-Institut für Kernphysik, Heidelberg
Precision tests of quantum electrodynamics (QED) in strong fields can be per-
formed using highly charged ions (HCI). Here, only a few or even a single one of
the innermost electrons are left, experiencing the strong fields originating from
the nucleus. TheAlphatrap experiment is a cryogenic Penning trap experiment
which is dedicated to perform strong-field QED tests by measuring the bound
electron magnetic moment (or g factor).

Recently, we have measured the bound electron д factor of hydrogen-like tin
with Alphatrap to sub parts-per-billion precision. Our ultimate goal is to fur-
ther advance such tests into the strongest fields by performing similar measure-
ments on the heaviest HCI such as 208Pb81+. For the production of 208Pb81+ an
electron beam ion trap called “Hyper-EBIT” is being constructed at the Max-
Planck-Institut für Kernphysik with planned beam energies of 300 keV and up
to 500mA of beam currents. This contribution presents the recent developments
of Hyper-EBIT.

A 36.7 Fri 12:45 HS 1010
King Plots: Constraining New Physics using Isotope Shift Spectroscopy —
∙Agnese Mariotti1, Erik Benkler2, Julian Berengut8, Shuying Chen2,
Jose R. Crespo Lopez-Urrutia3, Melina Filzinger2, Elina Fuchs1,2,4,
Nils Huntemann2, Steven A. King2, Fiona Kirk2, Nils H. Rehbehn3,
Jan Richter2, Matteo Robbiati4,6,7, Micheal K. Rosner3, Piet O.
Schmidt2,5, Lucas J. Spiess2, Andrey Surzyhkov2, AnnaViatkina2, Malte
Wehrheim2, AlexanderWilzewski2, DianaA. Craik9, Jeremy Flannery9,
Jonathan Home9, Luca Huber9, Roland Matt9, Menno Door3, Klaus
Blaum3, and Martin R. Steinel2 — 1LUH-ITP — 2PTB — 3MPI — 4CERN
— 5LUH-IQ — 6TIF Lab — 7TII — 8UNSW— 9ETH/TBD
With 95% of the universe’s content still unexplained by modern physics, the mo-
tivations for new physics searches are becomingmore andmore evident. The ap-
proach used in our work exploits the high precision of low-energy experiments
to identify deviations from the theoretical predictions of the Standard Model.
We utilize a combination of isotope shift measurements and King plots, which
allows to minimize the required theoretical input and is sensitive to a new inter-
action that couples electrons and neutrons. A wise combination of experimental
data enables us to set strong constraints on such coupling. Here, we show how
we improve the previous bounds by building King plots with the recent mea-
surement of isotope shift in Ca14+, carried out at PTB. Additionally, we present
two ways of utilizing the available data: a geometrical approach and a fitting
method.

A 37: Ultra-cold Atoms, Ions and BEC IV (joint session A/Q)
Time: Friday 11:00–13:00 Location: HS 1098

A 37.1 Fri 11:00 HS 1098
Accurate and efficient Bloch-oscillation-enhanced atom interferometry —
∙Florian Fitzek1,2, Jan-NiclasKirsten-Siemss2, ErnstM.Rasel2, Naceur
Gaaloul2, and Klemens Hammerer1 — 1Institut für Theoretische Physik,
Leibniz Universität Hannover, Germany — 2Institut für Quantenoptik, Leibniz
Universität Hannover, Germany
Bloch oscillations of atoms in optical lattices offer a powerful technique to signif-
icantly enhance the sensitivity of atom interferometers by orders of magnitude.
To fully exploit the potential of this method, an accurate theoretical description
of losses and phases beyond current treatments is essential. In this work, we in-
troduce a comprehensive theoretical framework for Bloch-oscillation-enhanced
atom interferometry [Fitzek et al., arXiv:2306.09399]. We confirm its accuracy
through comparison with an exact numerical solution of the Schrödinger equa-
tion [Fitzek et al., Sci Rep 10, 22120 (2020)]. Using our approach, we define the
fundamental efficiency and accuracy limits of Bloch-oscillation-enhanced atom
interferometers and establish design criteria to achieve their saturation. We com-
pare these limits to current state-of-the-art atom interferometers and formulate
requirements for the improvement of future quantum sensors.

This work is supported through the Deutsche Forschungsgemeinschaft (DFG)
under EXC 2123 QuantumFrontiers, Project-ID 390837967 and under the
CRC1227 within Project No. A05 as well as by the VDI with funds provided
by the BMBF under Grant No. VDI 13N14838 (TAIOL).

A 37.2 Fri 11:15 HS 1098
Quantum fluctuations in one-dimensional supersolids — ∙Chris Bühler,
Tobias Ilg, and Hans Peter Büchler — Institute for Theoretical Physics
III and Center for Integrated Quantum Science and Technology, University of
Stuttgart
In one dimension, quantum fluctuations prevent the appearance of long-range
order in a supersolid, and only quasi-long-range order can survive. We derive
this quantum critical behavior and study its influence on the superfluid response
and properties of the solid. The analysis is based on an effective low-energy de-
scription accounting for the two coupled Goldstone modes. We find that the
quantum phase transition from the superfluid to the supersolid is shifted by
quantum fluctuations from the position where the local formation of a solid
structure takes place. For current experimental parameters with dipolar atomic
gases, this shift is extremely small and cannot be resolved yet, i.e., current obser-
vations in experiments are expected to be in agreement with predictions from
mean-field theory based on the extended Gross-Pitaevskii formalism.
https://journals.aps.org/prresearch/abstract/10.1103/PhysRevResearch.5.033092

A 37.3 Fri 11:30 HS 1098
Realizing freely programmable passively phase-stable 2D optical lattices
— David Wei1,2, ∙Daniel Adler1,2, Kritsana Srakaew1,2, Suchita
Agrawal1,2, Pascal Weckesser1,2, Immanuel Bloch1,2,3, and Johannes
Zeiher1,2 — 1Max-Planck-Institut für Quantenoptik, 85748 Garching, Ger-
many — 2Munich Center for Quantum Science and Technology (MC-
QST), 80799 Munich, Germany — 3Fakultät für Physik, Ludwig-Maximilians-
Universität, 80799 Munich, Germany
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Ultracold atoms in optical lattices have become a vital platform for experimental
quantum simulation, enabling the precise study of a variety of quantum many-
body problems. For most experiments, the layout of the lattice beams restricts
the accessible lattice configurations and thus the underlying physics. Here, we
present a novel tunable lattice, which provides programmable unit cell connec-
tivity and in principle allows for changing the geometry mid-sequence. Our
approach builds on the phase-stable realization of a square or triangular lat-
tice combined with microscopically projected repulsive local potential patterns.
We benchmark the performance of this system through single-particle quantum
walks in the square, triangular, kagome, and Lieb lattices. In the strongly corre-
lated regime, we microscopically characterize the geometry dependence of the
quantum fluctuations.

A 37.4 Fri 11:45 HS 1098
Phase diagram of the extended anyon Hubbard model in one dimension —
∙Imke Schneider1, Martin Bonkhoff2, Kevin Jägering1, ShijieHu3, Axel
Pelster1, and Sebastian Eggert1 — 1University of Kaiserslautern-Landau,
Landesforschungszentrum OPTIMAS — 2Universität Hamburg — 3Beijing
Computational Science Research Center
Anyons with arbitrary exchange angle can be realized using ultracold atoms in
optical lattices. Here, we study the anyonic extended Hubbard model in one di-
mension. At unit filling a repulsive next-nearest neighbor interaction generally
leads to gapped phases but it is far from trivial which correlations are the domi-
nant ones as a function of topological exchange angle and on-site interactionU .
We find that a careful derivation of all terms in the Luttinger liquid theory pre-
dicts an intermediate phase between a Mott insulator for large repulsiveU and a
charge density wave at negativeU . As a function of exchange angle the interme-
diate phase changes from Haldane insulator for pseudo bosons to a dimerized
phase for pseudo fermions at an interesting multicritical point. Our results are
confirmed by extensive numerical simulations.

A 37.5 Fri 12:00 HS 1098
Spontaneous ignition of an ion trap engine — ∙Peter Stabel, Diego
Fieguth, and James Anglin— RPTU Kaiserslautern
Do the microscopic roots of thermodynamics extend even before the onset of
chaotic ergodization, into the integrable Hamiltonian mechanics of small, iso-
lated systems? Here we propose a set of experiments on the three-dimensional
motion of a single ion in a linear Paul Trap, in which the focus is not on any form
of thermalization, but on the engine-like secular transfer of energy between fast
and slow degrees of freedom, analogous to the rapid motions of hot gas particles
slowly lifting a weight. The ion’s three motional degrees of freedom constitute
the entire system, which is isolated and undriven; a high-frequency transverse
vibrational mode of the ion plays the role of a battery or fuel tank, or hot reser-
voir to power steady axial motion against an opposing force. We show that this
combustion engine-like system can generically run autonomously, but that only
under a certainmore stringent condition can the engine also start autonomously.
This non-trivial condition for autonomous starting of the engine-like process can
be derived from unitarity, via the classical Kruskal-Neishtadt-Henrard theorem
and its recent quantum extension. Although these post-adiabatic theorems do
not involve ergodization, they do involve a certain increase of phase space areas,
or subspace dimensions, and may play a role similar to that played macroscopi-
cally by thermodynamics, in constraining the design ofmicroscopic autonomous
machines.

A 37.6 Fri 12:15 HS 1098
Emergence of a Bose polaron in a small ring threaded by theAharonov-Bohm
flux — ∙Fabian Brauneis1, Areg Ghazaryan2, Hans-Werner Hammer1,3,
and Artem Volosniev2 — 1Technische Universität Darmstadt, Department
of Physics, 64289 Darmstadt, Germany — 2Institute of Science and Technol-
ogy Austria (ISTA), 3400 Klosterneuburg, Austria — 3ExtreMe Matter Institute
EMMI and Helmholtz Forschungsakademie Hessen für FAIR (HFHF), 64291
Darmstadt, Germany

The model of a ring threaded by the Aharonov-Bohm flux underlies our under-
standing of a coupling between gauge potentials andmatter. The typical formula-
tion of the model is based upon a single particle picture, and should be extended
when interactions with other particles become relevant. Here, we illustrate such
an extension for a particle in an Aharonov-Bohm ring subject to interactions
with a weakly interacting Bose gas. Our findings demonstrate that the system’s
ground state can be effectively characterized using the Bose polaron concept – a
particle dressed by interactions with a bosonic environment. Our results suggest
the Aharonov-Bohm ring as a platform for the few- to many-body crossover of
quasi-particles that arise from an impurity immersed in a medium.

This work has received funding from the DFG Project no. 413495248 [VO
2437/1-1].

A 37.7 Fri 12:30 HS 1098
EffectiveTheory for theGaudin-Yangmodel— ∙TimothyGeorge Backert1,
Hans-WernerHammer1,3, ArtemVolosniev2, Fabian Brauneis1, Joachim
Brand4, and Matija Čufar4 — 1Technische Universität Darmstadt, Depart-
ment of Physics — 2Institute of Science and Technology Austria (ISTA) —
3ExtreMe Matter Institute EMMIand Helmholtz Forschungsakademie Hessen
für FAIR (HFHF) — 4New Zealand Institute for Advanced Study, Massey Uni-
versity, New Zealand
We investigate the crossover from a Bardeen-Cooper-Schrieffer superfluid with
loosely bound Cooper pairs to a Bose-Einstein condensate of tightly bound
dimers (molecules) for a one-dimensional spin-1/2 Fermi gas (Gaudin-Yang
model [GY]) on a ring. We obtain exact Bethe-Ansatz solutions which describe
the BCS-BEC crossover in the form of a transition from a (BCS-like) gas of
loosely bound fermion pairs to a Tonks-Girardeau gas of tightly bound dimers.
For the experimentally relevant case of an external potential only numerical so-
lutions can be obtained. In order to obtain analytical insights into the case with
an external potential, we set up an effective theory with fermions and dimers
as degrees of freedom and determine the coupling constants by matching to the
Bethe-Ansatz results. We find good agreement with the numerical results for
small particle numbers. This paves the way for the exploration of many-body
systems using this effective theory. Supported by the Deutsche Forschungsge-
meinschaft (DFG, German Research Foundation) * Project-ID 279384907 * SFB
1245.

A 37.8 Fri 12:45 HS 1098
Three-charged-particle systems in the framework of coupled coordinate-
space few-body equations — ∙Renat Sultanov — Odessa College, Depart-
ment of Mathematics, 201 W. University Blvd. Odessa, TX USA
We study three-charged-particle low-energy elastic collision and particle-
exchange reaction with special attention to the systems with Coulomb and an
additional nuclear interaction employing a close-coupling expansion scheme to
a set of coupled two-component few-body equations [1]. First we apply our for-
mulation to compute low-energy elastic scattering phase shifts for the d+(tμ−)1s
collision, which is of significant interest for the muon-catalyzed-fusion D-T cy-
cle. Next, we study the particle-exchange reaction d + (pX−) → p + (dX−)
with the long-lived elementary heavy lepton stau X− which can play a critical
role in the understanding of the Big-Bang nucleosynthesis and the nature of
dark matter. We also study the total cross sections and rates for two particle-
exchange reactions involving antiprotons (p̄), deuteron (d) and triton (t), e.g.,
p̄ + (dμ−)1s → (p̄d)1s + μ− and p̄ + (tμ−)1s → (p̄t)1s + μ−, where μ− is a muon.
The effect of the final state short-range strong (p̄d) and (p̄t) nuclear interactions
is significant in these reactions, which increases the reaction rates by a factor of
≈3. Additionally (if time permits), a 3-body p̄+Mu collision will be discussed,
where Mu is a muonium atom [2].

1. R. A. Sultanov and S. K. Adhikari, Phys. Rev. C 107, 064003 (2023).
2. R. A. Sultanov and D. Guster, J. Phys. B 46, 215204 (2013).

A 38: Trapped Ions (joint session Q/A)
Time: Friday 11:00–13:00 Location: HS 1199
See Q 61 for details of this session.

A 39: Precision Measurements II (joint session Q/A)
Time: Friday 11:00–13:00 Location: HS 1221
See Q 62 for details of this session.
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A 40: Ultra-cold Atoms, Ions and BEC V (joint session A/Q)
Time: Friday 14:30–16:30 Location: HS 1010

A 40.1 Fri 14:30 HS 1010
Pairing dome from an emergent Feshbach resonance in a strongly repulsive
bilayer model— ∙Hannah Lange1,2,3, LukasHomeier1,3, EugeneDemler4,
Ulrich Schollwöck1,3, Annabelle Bohrdt3,5, and Fabian Grusdt1,3 —
1LMU Munich, Germany — 2MPI for Quantum Optics, Garching, Germany
— 3Munich Center for Quantum Science and Technology, Germany — 4ETH
Zurich, Switzerland — 5University of Regensburg, Germany
A key to understanding unconventional superconductivity lies in unraveling the
pairing mechanism of mobile charge carriers in doped antiferromagnets, giving
rise to an effective attraction between charges even in the presence of strong re-
pulsive Coulomb interactions. In this talk, I will consider a mixed-dimensional
t-J ladder, a system that has recently been realized with ultracold atoms [1],
and show how it can be extended with a nearest neighbor Coulomb repulsion.
With repulsion turned off, the system features tightly bound hole pairs and large
binding energies (closed channel). When the repulsion strength is increased, a
crossover to more spatially extended, correlated pairs of individual holes (open
channel) can be observed. In the latter regime, we still find robust binding ener-
gies that are strongly enhanced in the finite doping regime. The effective model
in the strongly repulsive regime reveals that the attraction is mediated by the
closed channel, in analogy to atomic Feshbach resonances between open and
closed channels [2].

[1] Hirthe et al., Nature 2023
[2] Lange et al., arXiv:2309.15843, 2309.13040

A 40.2 Fri 14:45 HS 1010
ARPES spectroscopy of an extended Majumdar-Ghosh model — ∙Simon
M. Linsel1,2, Nader Mostaan1,2,3, Annabelle Bohrdt2,4, and Fabian
Grusdt1,2 — 1LMU Munich, Germany — 2Munich Center for Quantum Sci-
ence and Technology, Germany — 3Université Libre de Bruxelles, Brussels, Bel-
gium — 4University of Regensburg, Germany
Experimental and numerical spectroscopy have revealed novel physics in anti-
ferromagnets, in particular in frustrated and doped systems. The Majumdar-
Ghosh (MG) model has an analytically known spin-disordered ground state of
dimerized singlets as a result of magnetic frustration. Here we study the single-
hole angle-resolved photoemission spectroscopy (ARPES) spectrum of an ex-
tended MG model, where we introduce a spin-density interaction that is ex-
perimentally accessible with ultracold molecules. We report a bound spinon-
holon ground state and clear signatures of a spinon-holon molecule state and
polarons in the ARPES spectrum at different magnetizations. We also apply a
Chevy ansatz to gain analytical insights into the molecule spectrum. Our re-
sults provide new insights into the physics of dopants in frustrated t-J mod-
els.

A 40.3 Fri 15:00 HS 1010
In-Situ Observation of Antibunching at the Single-Atom Level in a Contin-
uous Fermi Gas — ∙Tim de Jongh, Maxime Dixmerias, Joris Verstraten,
Cyprien Daix, Bruno Peaudecerf, and Tarik Yefsah— Laboratoire Kastler
Brossel, Paris, France
Fermionic systems adhere to Pauli Exclusion, one of the most fundamental prin-
ciples of quantum mechanics that prevents identical fermions from occupying
the same quantum state. This leads to an antibunching of particles which man-
ifests itself in density-density correlations and sub-Poissonian number fluctu-
ations. Here we present the direct, in situ observation of antibunching at the
single-atom level. Using a newly developed Lithium 6 quantum gas microscope
devoted to the study of continuous many-body systems, we probe both the den-
sity correlations and number fluctuations in an ultracold two-dimensional, non-
interacting Fermi Gas in continuous space. For these highly degenerate gases,
we observe distinct antibunching behavior in the density correlations as well as
a clear suppression of the number fluctuations in the gas. The ability to distin-
guish the quantum fluctuation (zero temperature) contribution and the thermal
contribution, allows us to use the fluctuation-dissipation theorem to extract the
temperature of these samples from the number fluctuations, offering a direct
thermometry method for single-atom imaging techniques. These results repre-
sent the first application of a quantum gas microscope to a many-body system in
continuous space and offer the perspective to probe strongly interacting Fermi
gases in free space at an unprecedented length scale.

A 40.4 Fri 15:15 HS 1010
Towards Probing Heat Transport in an Anharmonic Ion Chain — ∙Moritz
Göb1, Bo Deng1, Lea Lautenbacher2, Giovanni Spaventa2, Daqing
Wang1,3, Martin B. Plenio2, and Kilian Singer1 — 1Institut für Physik, Uni-
versität Kassel, Heinrich-Plett-Straße 40, 34132 Kassel, Germany— 2Institut für
Theoretische Physik und IQST, Universität Ulm, Albert-Einstein-Allee 11, 89069
Ulm, Germany — 3Institut für Angewandte Physik, Universität Bonn, Wegeler-
straße 8, 53115 Bonn, Germany

Trapped ions are a versatile platform, which is well suited for probing thermody-
namics down to a single atom [1]. We have indentified non-linear dynamics that
results in a Duffing-type resonance that can be used to improve sensing of very
small forces [2]. Motivated by these results we present how the experimental
setup has relevance in the context of resource theory and how the special fea-
tures of the tapered ion trap can be exploited to implement a model system for
heat transport [3].

[1] J. Roßnagel, S. T. Dawkins, K. N. Tolazzi, O. Abah, E. Lutz, F. Schmidt-
Kaler, and K. Singer, A single-atom heat engine, Science 352, 325 (2016).

[2] B.Deng,M.Göb, B. A. Stickler,M.Masuhr, K. Singer, andD.Wang, Ampli-
fying a zeptonewton forcewith a single-ion nonlinear oscillator, PRL 131, 153601
(2023).

[3] M. Lostaglio, An introductory review of the resource theory approach to
thermodynamics, Rep. Prog. Phys. 82 114001 (2019).

A 40.5 Fri 15:30 HS 1010
Optimal time-dependent manipulation of Bose-Einstein condensates —
∙Timothé Estrampes1,2, Alexander Herbst1, Annie Pichery1,2, Gabriel
Müller1, Dennis Schlippert1, Ernst M. Rasel1, Éric Charron2, and
NaceurGaaloul1 — 1LeibnizUniversityHannover, Institut für Quantenoptik,
Germany — 2Université Paris-Saclay, CNRS, Institut des Sciences Moléculaires
d’Orsay, France
Quantum sensing experiments benefit from fast Bose-Einstein Condensate
(BEC) generation with small expansion energies. Here, we theoretically find the
optimal BEC collimation parameters with painted optical potentials to experi-
mentally achieve 2D expansion energies of 438(77) pK taking advantage of the
tunable interactions by driving Feshbach resonances and engineering the col-
lective oscillations. Based on these findings and corresponding simulations, we
propose a scenario to realize 3D expansion energies on ground below 16 pK, go-
ing beyond the experimental state of the art in microgravity [A. Herbst et al.,
arXiv:2310.04383 (2023)].

Furthermore, we report on current theoretical studies of the dynamics of
space single- and dual-BEC experiments including applications in NASA’s Cold
Atom Lab aboard the International Space Station or the sounding rocket mission
MAIUS-2, paving the way for next-generation quantum sensing experiments,
including tests of fundamental physics such as Einstein’s equivalence principle.

This work is supported by the "ADI 2022" project funded by the IDEX Paris-
Saclay, ANR-1-IDEX-0003-02 and the DLR with funds provided by the BMWi
under Grant No. CAL-II 50WM2245A/B.

A 40.6 Fri 15:45 HS 1010
Magnetic polarons beyond linear spin-wave theory: Mesons dressed by
magnons — ∙Pit Bermes and Fabian Grusdt — LMU Munich & MCQST,
Munich, Germany
When a mobile impurity is doped into an antiferromagnet, its movement will
distort the surrounding magnetic order and yield a magnetic polaron. The re-
sulting complex interplay of spin and charge degrees of freedom gives rise to
very rich physics and is widely believed to be at the heart of high-temperature
superconductivity in cuprates. Recent experimental realizations of the doped
Fermi-Hubbard model in ultra-cold quantum gases allowed to probe the local
structure of the polarons. Drawing from experimental insights, we present a
new quantitative theoretical formalism to describe these quasiparticles in the
strong coupling regime. Based on the phenomenological parton description and
geometric string picture, we construct an effective Hamiltonian with weak cou-
pling to the spin-wave excitations in the background, making the use of standard
polaronic methods possible.

We apply our formalism to calculate beyond linear spin-wave spectra, analyze
the pseudogap expected at low doping and resolve the difference between hole
an electron doping on local correlations.

A 40.7 Fri 16:00 HS 1010
A fluid of 10 ultracold fermions — ∙Lars Helge Heyen1, Giuliano
Giacalone1, and Stefan Floerchinger2 — 1Universtität Heidelberg,
Deutschland — 2Friedrich-Schiller-Universität Jena, Deutschland
Recent experiments in heavy-ion collisions have challenged our understanding
of the applicability of fluid dynamics by showing typical signatures of collective
flowwith only a small number of final state particles. Motivated by this, we inves-
tigate fluidlike behavior in a system of few ultracold fermions. Our key observ-
able is the inversion of the shape of the cloud after release from an anisotropic
harmonic trap. This elliptic flow is shown to persist down to as low as 10 parti-
cles. I discuss ongoing efforts to understand these experimental observations.
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A 40.8 Fri 16:15 HS 1010
Anisotropic and Non-Additive Interactions of Rydberg Impurities in Bose-
Einstein Condensates — ∙Aileen A.T. Durst1,2, Seth T. Rittenhouse3,2,
Hossein R. Sadeghpour2, and Matthew T. Eiles1 — 1Max-Planck-Institute
for the Physics of Complex Systems, Germany — 2ITAMP, Harvard & Smithso-
nian, USA — 3United States Naval Academy, USA
The interaction between a highly electronically excited atomic impurity and sur-
rounding BEC atoms is typically characterised by a scattering length which can
rival or even surpass the average interparticle spacing. The significance of this
interaction depends on the density: when the average distance between Bosons
is smaller than the scattering length, the system exhibits a rich absorption spec-

trum which extends typical polaron physics. However, within a dense bath, the
absorption spectrum consists only of a single broad Gaussian, indicating an al-
most classical response. The scattering length and interaction strength of a Ryd-
berg impurity can be altered by changing the principal quantum number. Addi-
tionally, the electronic angular momentum of the impurity can be changed in or-
der to control the nature of the interaction potential, which becomes anisotropic
when the spherical symmetry is broken. In free space, this manipulation leads
to the emergence of (2l+1) degenerate electronic potential energy surfaces, in-
troducing additionally non-additive interactions. Our investigation delves into
the impact of these non-additive and anisotropic interactions on the absorption
spectrum of a Rydberg impurity within an ideal BEC.

A 41: Precision Spectroscopy of Atoms and Ions V / Ultra-cold Plasmas and Rydberg Systems II
(joint session A/Q)

Time: Friday 14:30–16:30 Location: HS 1098

A 41.1 Fri 14:30 HS 1098
Laser Spectroscopy of Californium-253,254 — ∙Sebastian Berndt for the
Fermium-Collaboration — Johannes Gutenberg Universität Mainz, 55099
Mainz, Germany
Laser resonance ionization spectroscopy (RIS) is an efficient and element-
sensitive technique to study the atomic and nuclear structure of transuranium
elements. We present recent activities at the RISIKO mass separator at Johannes
Gutenberg University Mainz (JGU) regarding laser spectroscopy of the exotic
isotopes 253,254Cf. Here, theoretical predictions point to a relevant role of 254Cf
in kilonova events associated with r-process nucleosynthesis in the cosmos. For
this study, targets of 244−248Cmwere neutron-irradiated at the High Flux Isotope
Reactor, Oak Ridge National Laboratory (ORNL) to breed 253,254Es, which was
chemically separated at ORNL’s Radiochemical Engineering Development Cen-
ter. This sample was shipped to JGU via Florida State University and then sent
to Institut Laue-Langevin for a second irradiation with thermal neutrons to pro-
duce 255Es (39.8 d). As the sample also contained about 109 atoms of 252Cf, this
was in addition transmuted to 253,254Cf. The hyperfine structure of the 420 nm
ground state transition in 253Cf as well as the isotope shift of 254Cf in the 417 nm
and 420 nm ground-state transitions were investigated with high resolution RIS,
giving access to the nuclear ground-state properties.

A 41.2 Fri 14:45 HS 1098
Laser-induced population transfer in 25Mg+ at the CRYRING@ESR storage
ring — ∙Konstantin Mohr for the STOA-Collaboration — Institut für Kern-
physik, TU Darmstadt, Germany
At themagnetic storage ring CRYRING@ESR located at theGSI facility for heavy
ion research the laser spectroscopy experiment is performed on 25Mg+ to inves-
tigate the interplay between internal and external degrees of freedom, i.e. quan-
tum states and particle momenta.

Particular interest is devoted to the question whether it is possible to achieve
and maintain a nuclear polarization of 25Mg+ by optical pumping within the
magnetic manifold of the hyperfine structure. This was studied with an electron-
cooled coasting ion beam as well as in bunched beam operation at energies
of about 155keV/u. In bunched-beam operation, it turned out that both the
laser-induced spontaneous force and the varying velocity of the ions due to syn-
chrotron oscillations need to be considered in order to explain the subtleties of
the resonance shape.

We present our recent results and discuss the dynamic behavior of bothmodes
of operation.
We acknowledge support from the BMBF under contract numbers

05P21RDFA1 and 05P19PMFA1, and from the DFG–Project-Id 279384907–
SFB 1245.

A 41.3 Fri 15:00 HS 1098
Stopping mass-selected alkaline-earth metal mono-fluoride beams via for-
mation of unusually stable anions — ∙Konstantin Gaul1, Ronald F. Gar-
cia Ruiz2, and Robert Berger1 — 1Fachbereich Chemie, Philipps-Universität
Marburg,Hans-Meerweinstraße 4, 35032 Marburg, Germany — 2Massachusetts
Institute of Technology, Cambridge, MA 02139, USA
Direct laser-coolability and a comparatively simple electronic structure render
alkaline-earth metal monofluoride molecules (MF), versatile laboratories for
precision tests of fundamental physics. In this theoretical work, prospects for
efficient stopping and cooling of hot beams of mass-selected MF molecules via
their anions are explored. With sophisticated quantum chemical methods it is
shown that these molecular anions posses an unusually strong chemical bond
and have favourable photo-electron detachment energies. For RaF− a vibronic
structure with favorable properties for efficient pre-cooling is identified. This
study indicates even chances for direct laser-cooling of the anion.

A 41.4 Fri 15:15 HS 1098
Precise TemperatureCharacterization of Project 8’s AtomicHydrogen Source
— ∙BrunildaMuçogllava andMartin Fertl for the Project 8-Collaboration
— Johannes Gutenberg Universität Mainz
In order to achieve a neutrino mass sensitivity of 40 meV, the Project 8 experi-
ment aims to use the Cyclotron Radiation Emission Spectroscopy technique to
analyze the atomic tritium beta decay spectrum. Due to the radioactive nature
of tritium, initial measurements have been carried out using a Hydrogen Atom
Beam Source (HABS) at the Mainz atomic test stand. Molecular hydrogen is
introduced into the HABS setup, flowing through a 1 mm diameter tungsten
capillary which is radiatively heated to ~2300 K by a tungsten filament. This
causes the molecules to thermally dissociate in a temperature-dependent way.
Accurate capillary temperaturemeasurements with low uncertainty at these high
temperatures are required to characterize the source accurately and understand
the dissociation efficiency from molecular to atomic hydrogen. This talk will
present infrared spectroscopy measurement results of the capillary, addressing
challenges arising from uncertain emissivity values, ultra-high vacuum condi-
tions, and device-dependent absolute calibration.

A 41.5 Fri 15:30 HS 1098
Quantum Gate Optimization for Rydberg Architectures in the Weak-
Coupling Limit — ∙Nicolas Heimann1,2,3, Lukas Broers1,2, Nejira
Pintul1,2, Tobias Petersen1,2, Koen Sponselee1,2, Alexander Ilin1,2,3,
Christoph Becker1,2, and Ludwig Mathey1,2,3 — 1Zentrum für Optis-
che Quantentechnologien, Universität Hamburg, 22761 Hamburg, Germany —
2Institut für Quantenphysik, Universität Hamburg, 22761 Hamburg, Germany
— 3The Hamburg Centre for Ultrafast Imaging, 22761 Hamburg, Germany
We demonstrate machine learning assisted design of a two-qubit gate in a Ryd-
berg tweezer system. Two low-energy hyperfine states in each of the atoms repre-
sent the logical qubit and a Rydberg state acts as an auxiliary state to induce qubit
interaction. Utilizing a hybrid quantum-classical optimizer, we generate optimal
pulse sequences that implement a CNOT gate with high fidelity, for experimen-
tally realistic parameters and protocols, as well as realistic limitations. We show
that local control of single qubit operations is sufficient for performing quantum
computation on a large array of atoms. We generate optimized strategies that
are robust for both the strong-coupling, blockade regime of the Rydberg states,
but also for the weak-coupling limit. Thus, we show that Rydberg-based quan-
tum information processing in the weak-coupling limit is a desirable approach,
being robust and optimal, with current technology.

A 41.6 Fri 15:45 HS 1098
FRESNEL: Engineering a Neutral AtomQuantum Computer— ∙Guillaume
Villaret for the FRESNEL-Collaboration — Pasqal SAS, 7 Rue Léonard de
Vinci, 91300 Massy, France
Based on the work from the group of A. Browaeys and T. Lahaye at Institut
d’Optique, quantum startup PASQAL developed and produced a first genera-
tion of commercial QPUs called FRESNEL. These devices allow analogical com-
putations on arrays of up to 100 Rydberg atoms. Interfaced through a cloud
access, these QPUs already proved their reliability. They allowed quantum soft-
ware engineers to propose and demonstrate applications for solving hard combi-
natorial optimisation problems, non-linear differential equations and classifying
sets of graphs using machine learning. Some of these QPUs are currently under
construction in two HPC centers in Jülich, Germany and in Bruyères-le-Châtel,
France. This represents a big step forward in term of reliability for neutral atoms
QPUs, andmore generally for cold atoms technologies which require a high level
of engineering. We will give an overview of the technical building blocks of the
FRESNEL products, discuss its capabilities for analog-based quantum comput-
ing in the NISQ era, and present the latest results.
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A 41.7 Fri 16:00 HS 1098
Non-adiabatic couplings as a stabilization mechanism in long-range Ryd-
berg molecules — Aileen Durst, ∙Milena Simić, Neethu Abraham, and
Matthew Eiles — Max-Planck-Institut for The Physics of Complex Systems,
Dresden, Germany
The electronic potential curves of long-range Rydberg molecules composed of a
Rydberg atom and a ground-state atom possess several distinctive features, in-
cluding oscillations as a function of internuclear distance and, for an alkaline
ground state atom, a steep drop when the electron-atom scattering interaction
becomes resonant. This latter feature is accompanied by a narrow avoided cross-
ing between potential energy curves, which implies that non-adiabatic couplings
could become significant very close to the position of this rapid change in the
potential curve. When these couplings are sufficiently strong, they can stabilize
the molecule by shielding the vibrational states from the steep drop and possible
decay. To demonstrate the importance of the non-adiabatic couplings in a ru-
bidium Rydberg molecule, we compare the binding energies and lifetimes of the
vibrational states obtained in the Born Oppenheimer approximation with those
including beyond-Born Oppenheimer effects.

A 41.8 Fri 16:15 HS 1098
Quantum Optimization of Two-Qubit Gate of Neutral Rydberg Atoms —
∙Aslam Parvej1,2, Nicolas Heimann1,2, Lukas Broers1,2, and Ludwig
Mathey1,2 — 1Zentrum für Optische Quantentechnologien, Universität Ham-
burg, 22761 Hamburg, Germany — 2Institut für Quantenphysik, Universität
Hamburg, 22761 Hamburg, Germany
The fundamental cause of error for the high-fidelity gates in the quantum com-
puting architectures of neutral atoms in optical tweezer arrays is the unwanted
entanglement of motional excitations in the tweezer traps. We study the ma-
chine learning aided neutral Rydberg atoms in the weakly-interacting regime of
two Rydberg atoms, with van der Walls interaction to implement a high-fidelity
two-qubit controlled-Z gate while returning to the system to its motional ground
states and generates an optimized pulse using hybrid quantum-classical opti-
mizer. In the set up, the Rydberg state is coupled with logical qubit via global
Rabi pulse and the motional degrees of freedom inside optical tweezers is cou-
pled with each Rydberg atom.

A 42: Precision Measurements III (joint session Q/A)
Time: Friday 14:30–16:30 Location: HS 1221
See Q 69 for details of this session.

A 43: Ultrafast Dynamics III and High-harmonic Generation (joint session MO/A)
Time: Friday 14:30–16:30 Location: HS 3044
See MO 27 for details of this session.
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Molecular Physics Division
Fachverband Molekülphysik (MO)

Jochen Küpper
Center for Free-Electron Laser Science

Deutsches Elektronen-Synchrotron DESY
Hamburg

and
Department of Physics
Universität Hamburg

jochen.kuepper@cfel.de

Overview of Invited Talks and Sessions
(Lecture halls HS 3042, HS 3044, and HS 1015; Poster Tent C)

Invited Talks
MO 1.1 Mon 11:00–11:30 HS 3044 Imagingultrafastmoleculardissociationdynamics; fromconventional to surprising

paths— ∙Heide Ibrahim
MO 15.1 Wed 14:30–15:00 HS 3042 Metal Cluster opportunities— ∙Gereon Niedner-Schatteburg
MO 19.1 Thu 11:00–11:30 HS 3044 Controlling the internal quantum states of chiral molecules— JuHyeon Lee, Elahe

Abdiha, Boris Sartakov, GerardMeijer, ∙Sandra Eibenberger-Arias

Invited Talks of the joint Symposium SAMOP Dissertation Prize 2024 (SYAD)
See SYAD for the full program of the symposium.

SYAD 1.1 Mon 14:30–15:00 Paulussaal Quantum steering of a Szilárd engine— ∙Konstantin Beyer
SYAD 1.2 Mon 15:00–15:30 Paulussaal Does a disorderedHeisenberg quantum spin system thermalize? — ∙Titus Franz
SYAD 1.3 Mon 15:30–16:00 Paulussaal Quantum optical few-mode models for lossy resonators— ∙Dominik Lentrodt
SYAD 1.4 Mon 16:00–16:30 Paulussaal Non-Hermitian topology and directional amplification— ∙ClaraWanjura

Invited Talks of the joint Symposium Coulomb Explosion Imaging (SYCE)
See SYCE for the full program of the symposium.

SYCE 1.1 Tue 11:00–11:30 Paulussaal Dissociation of halogenated organic molecules induced by soft X-rays – pathways
and early stages— ∙Edwin Kukk

SYCE 1.2 Tue 11:30–12:00 Paulussaal X-ray induced Coulomb explosion imaging with channel-selectivity — ∙Rebecca
Boll

SYCE 1.3 Tue 12:00–12:30 Paulussaal Time-resolved Coulomb Explosion Imaging using X-ray Free-Electron Lasers —∙Till Jahnke
SYCE 1.4 Tue 12:30–13:00 Paulussaal Dynamics and control of microsolvated biomolecules studied by Coulomb explo-

sion imaging— ∙Sebastian Trippel, Jochen Küpper

Prize Talks of the joint Awards Symposium (SYAS)
See SYAS for the full program of the symposium.

SYAS 1.1 Tue 15:00–15:30 Paulussaal Quantum Simulations with Atoms, Molecules and Photons— ∙Immanuel Bloch
SYAS 1.2 Tue 15:30–16:00 Paulussaal Spectroscopyofmoleculeswith large amplitudemotions: a journey frommolecular

structure to astrophysics. — ∙Isabelle Kleiner
SYAS 1.3 Tue 16:00–16:30 Paulussaal Quantum x-ray nuclear optics: progress and prospects— ∙Olga Kocharovskaya
SYAS 1.4 Tue 16:30–17:00 Paulussaal 3D printed complex microoptics: fundamentals and first benchmark applications

— ∙Harald Giessen
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Invited Talks of the joint Symposium Controlled Molecular Collisions (SYCC)
See SYCC for the full program of the symposium.

SYCC 1.1 Wed 11:00–11:30 Paulussaal Dynamics of CO2 activation by transition metal ions - The importance of inter-
system crossing— ∙JenniferMeyer

SYCC 1.2 Wed 11:30–12:00 Paulussaal Angularmomentumof smallmolecules: quasiparticles and topology— ∙Mikhail
Lemeshko

SYCC 1.3 Wed 12:00–12:30 Paulussaal Manoeuvring chemical reactions one degree of freedom at a time — ∙Jutta
Toscano

SYCC 1.4 Wed 12:30–13:00 Paulussaal Cold and controlled collisions using tamedmolecular beams— ∙Sebastiaan van
deMeerakker

Invited Talks of the joint Symposium Size Selected Metal Cluster Spectroscopies (SYMC)
See SYMC for the full program of the symposium.

SYMC 1.1 Thu 11:00–11:30 Paulussaal Infrared spectroscopic studies ofmolecular activation atmetal clusters— ∙Stuart
Mackenzie

SYMC 1.2 Thu 11:30–12:00 Paulussaal Dynamic metal-metal cooperation in chemical reactions— ∙Jana Roithová
SYMC 1.3 Thu 12:00–12:30 Paulussaal A closer look at the electronic structure of simple metal clusters — ∙Bernd von

Issendorff
SYMC 1.4 Thu 12:30–13:00 Paulussaal IR action spectroscopy of metal clusters, complexes and diatomics with free elec-

tron lasers— ∙André Fielicke
Invited Talks of the joint Symposium Ultrafast Quantum Nano-Optics (SYQO)
See SYQO for the full program of the symposium.

SYQO 1.1 Fri 11:00–11:30 Paulussaal Coherent and incoherent dynamics of colloidal plexcitonic nanohybrids —∙Elisabetta Collini
SYQO 1.2 Fri 11:30–12:00 Paulussaal Dissipative Many-Body Dynamics in Atomic Subwavelength Arrays in Free Space

— ∙Stefan Ostermann
SYQO 1.3 Fri 12:00–12:30 Paulussaal Quantum dot sources: efficiency, entanglement, and correlations. — ∙Ana Predo-

jević
SYQO 1.4 Fri 12:30–12:45 Paulussaal Compact chirped fiber Bragg gratings for single-photon generation from quan-

tum dots— ∙Vikas Remesh, Ria Krämer, René Schwarz, Florian Kappe, Yusuf
Karli, Thomas Bracht, Saimon Covre da Silva, Armando Rastelli, Doris Re-
iter, Stefan Nolte, GregorWeihs

SYQO 1.5 Fri 12:45–13:00 Paulussaal Observing Ultrafast Coherent Dynamics following Selective Excitation of a Single
Quantum Dot — ∙Darius Hashemi Kalibar, Philipp Henzler, Ron Tenne, Al-
fred Leitenstorfer

Sessions
MO 1.1–1.7 Mon 11:00–13:00 HS 3044 Coulomb-explosion Imaging (joint session MO/A)
MO 2.1–2.8 Mon 11:00–13:00 HS 1098 Attosecond Physics I (joint session A/MO)
MO 3.1–3.8 Mon 17:00–19:00 HS 1015 Novel Spectroscopies
MO 4.1–4.6 Mon 17:00–18:30 HS 3044 Strong-field Ionization and Imaging (joint session MO/A)
MO 5.1–5.7 Tue 11:00–13:00 HS 1010 Interaction with Strong or Short Laser Pulses I (joint session A/MO)
MO 6.1–6.8 Tue 11:00–13:00 HS 3044 Ultracold Molecules and Precision Spectroscopy (joint session MO/Q)
MO 7.1–7.18 Tue 17:00–19:00 Tent C Poster: Spectroscopy
MO 8.1–8.6 Tue 17:00–19:00 Tent C Poster: Collisions
MO 9.1–9.7 Wed 11:00–13:00 HS 1010 Attosecond Physics II / Interaction with VUV and X-ray light (joint session

A/MO)
MO 10.1–10.6 Wed 11:00–13:00 HS 1015 Ultracold Molecules (joint session Q/MO)
MO 11.1–11.7 Wed 11:00–12:45 HS 3044 X-ray Spectroscopy
MO 12 Wed 13:00–14:00 HS 3044 Members’ Assembly
MO 13.1–13.8 Wed 14:30–16:30 HS 1010 Interaction with Strong or Short Laser Pulses II (joint session A/MO)
MO 14.1–14.8 Wed 14:30–16:30 HS 1015 Atomic Clusters (joint session A/MO)
MO 15.1–15.7 Wed 14:30–16:30 HS 3042 Spectroscopy of Metal Clusters
MO 16.1–16.8 Wed 14:30–16:30 HS 3044 Ultrafast Dynamics I
MO 17.1–17.12 Wed 17:00–19:00 Tent C Poster: Cold Molecules
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MO 18.1–18.12 Wed 17:00–19:00 Tent C Poster: Cluster
MO 19.1–19.6 Thu 11:00–12:45 HS 3044 Chirality
MO 20.1–20.9 Thu 14:30–16:45 HS 3042 Theoretical Molecular Physics
MO 21.1–21.9 Thu 14:30–16:45 HS 3044 Ultrafast Dynamics II
MO 22.1–22.9 Thu 17:00–19:00 Tent C Poster: Molecules in Strong Fields
MO 23.1–23.9 Thu 17:00–19:00 Tent C Poster: Chirality
MO 24.1–24.8 Thu 17:00–19:00 Tent C Poster: Experimental Techniques
MO 25.1–25.7 Fri 11:00–12:45 HS 3044 Novel Experimental Approaches
MO 26.1–26.6 Fri 14:30–16:00 HS 3042 Cluster
MO 27.1–27.8 Fri 14:30–16:30 HS 3044 Ultrafast Dynamics III andHigh-harmonic Generation (joint sessionMO/A)

Members’ Assembly of the Molecular Physics Division
Wednesday 13:00–14:00 HS 3044
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Sessions
– Invited Talks, Contributed Talks, and Posters –

MO 1: Coulomb-explosion Imaging (joint session MO/A)
Time: Monday 11:00–13:00 Location: HS 3044

Invited Talk MO 1.1 Mon 11:00 HS 3044
Imaging ultrafast molecular dissociation dynamics; from conventional to
surprising paths — ∙Heide Ibrahim — Advanced Laser Light Source (ALLS)
@ Institut National de la Recherche Scientifique (INRS-EMT), Varennes, QC,
Canada
Coulomb explosion imaging (CEI) is a powerful tool to track a broad variety
of molecular dynamics; even if they occur in a non-concerted manner and re-
quire single-molecule detection sensitivity. Upon photo-excitation of a molecule
it will break apart. We can see fragments following direct, conventional dissoci-
ation paths, as well as fragments deviating from this minimum energy path. The
latter are called roaming fragments and explore the potential energy landscape
in a statistical manner. At the user facility ALLS we use CEI in combination
with high repetition rate laser systems. Dissociating and roaming fragments in
formaldehyde are directly captured using CEI, a hard-to-grasp statistically oc-
curring signal. Individual pathways are distinguished based on state-of-the-art
theory analysis.

MO 1.2 Mon 11:30 HS 3044
Dynamics of H2-roaming processes, H+

3 formation in ethanol and
aminoethanol initiated by two-photon double-ionization — ∙Aaron Ngai1,
Sebastian Hartweg1, Jakob Asmussen2, Björn Bastian3, Ltaief Ben
Ltaief2, Matteo Bonanomi4,5, CarloCallegari6, Michele di Fraia6, Ka-
trin Dulitz7, Raimund Feifel8, Sarang Ganeshamandiram1, Sivarama
Krishnan9, Aaron LaForge10, Landmesser Friedemann1, Michelbach
Moritz1, Pal Nitish6, Plekan Oksana6, Rendler NicNicolas1, Richter
Fabian1, Scognamiglio Audrey1, Sixt Tobias1, Squibb Richard8, Sun-
daralingam Akgash2, Stienkemeier Frank1, and Mudrich Marcel2 —
1Physikalisches Institut, Albert-Ludwigs-Universität Freiburg, Freiburg, Ger-
many — 2Department of Physics and Astronomy, Aarhus University, Aarhus,
Denmark— 3WilhelmOstwald Institute for Physical andTheoretical Chemistry,
University of Leipzig, Leipzig, Germany — 4Dipartimento di Fisica Politecnico,
Milano, Italy — 5Istituto di Fotonica e Nanotecnologie (CNR-IFN) Milano, Italy
— 6Elettra - Sincrotrone Trieste S.C.p.A., Basovizza, Trieste, Italy— 7Institut für
Ionenphysik und Angewandte Physik, Universität Innsbruck, Innsbruck, Aus-
tria— 8Department of Physics, University of Gothenburg, Göteborg, Sweden—
9Department of Physics, Indian Institute of Technology Madras, Chennai, India
— 10Department of Physics, University of Connecticut, Storrs, Connecticut, US
The trihydrogen cation (H+

3 ) is the simplest and one of the most abundant tri-
atomic cations in the universe. It plays a crucial role in interstellar gas-phase
chemistry as it facilitates molecule-forming chemical reactions. Dynamics in
simple alcohols that lead to H+

3 formation typically involve the unusual so-called
"roaming"-mechanism of a neutral H2 moiety. In comparison to previous ex-
periments using strong-field ionization by infrared (IR) pulses [1], we produce
dicationic ethanol and 2-aminoethanol molecules using two-photon double-
ionization with extreme ultraviolet (XUV) light, and probe the dynamics of H+

3
formation with a visible (VIS) pulse in a time-resolved pump-probe scheme.
We compare results between measurements with XUV photons either below or
above the double-ionization threshold, including the lifetimes of intermediate
states.

[1] Ekanayake, N. et al. Nat. Commun. 9, 5186 (2018)

MO 1.3 Mon 11:45 HS 3044
New endstation for controlled molecule experiments and ultrafast dynamics
of OCS— ∙Wuwei Jin1,2, Ivo Vinklárek1, Sebastian Trippel1,3, Hubertus
Bromberger1, Sergey Ryabchuk1, Erik Månsson1, Andrea Trabattoni1,
VincentWanie1, Francesca Calegari1, and Jochen Küpper1,2,3 — 1Center
for Free-Electron Laser Science, Deutsches Elektronen-Synchrotron DESY,
Hamburg — 2Department of Physics, Universität Hamburg — 3Center for Ul-
trafast Imaging, Universität Hamburg
Imaging ultrafast photochemical reactions with atomic-spatial and
femtosecond-temporal resolution is one of the ultimate goals of physical chem-
istry and the molecular sciences [1]. We present details on our newly established
transportable endstation for controlled molecules (eCOMO) and discuss our ul-
trafast (sub 10 fs) time-resolved study of the photodissociation dynamics of
carbonyl sulfide (OCS) after UV-photoexcitation at λ = 267 nm. OCS was puri-
fied and separated from the helium seed gas using the electrostatic deflector [2].
The UV-induced dynamics was probed through strong field ionization using a
velocity map imaging spectrometer in combination with a Timepix3 camera [3].

[1] J Onvlee, S Trippel, and J Küpper, Nat. Commun. 7462, 13 (2022)
[2] YP Chang, D Horke, S Trippel, and J Küpper, Int. Rev. Phys. Chem. 557,

34 (2015)
[3] H Bromberger, et int. (9 authors), S Trippel, B Erk, and J Küpper, J. Phys.

B. 144001, 55 (2022)

MO 1.4 Mon 12:00 HS 3044
Complete imaging of the reaction pathways of ionized water dimer— ∙Luisa
Blum1,2, Ivo S. Vinklárek1, Hubertus Bromberger1, Sebastian Trippel1,
and Jochen Küpper1,2,3 — 1Center for Free-Electron Laser Science CFEL,
Deutsches Elektronen-SynchrotronDESY, Hamburg— 2Department of Physics,
Universität Hamburg — 3Center for Ultrafast Imaging, Universität Hamburg
We applied a pure ensemble (92%) of water dimer (H2O)2, spatially separated by
electrostatic deflection, and subsequently ionized by strong-field ionization, to
investigate the ion-radical chemistry of water clusters [1]. The direct observation
of fragmentation channels of (H2O)+2 and (H2O)+22 by multi-mass imaging re-
veals several yet unknown ion-radical pathways and provides a comprehensive
picture of (H2O)+/+22 , including experimental branching ratios. Furthermore,
the ion yields for the Coulomb explosion channels of (H2O)+22 indicate electron-
recollision-impact ionization as the dominant process, opening the discussion
about avenues to control electron recollision and multiple-ionization processes
in supramolecular complexes. The study of the (H2O)+/+22 ionization fragmenta-
tion process is highly relevant to ion-radical heterogeneous chemistry occurring
on ice mantles in the Earth’s atmosphere and in interstellar space [2].

[1] Vinklárek, I. S., Bromberger, H., Vadassery N., Jin W., Küpper, J., Trippel,
S., submitted; arXiv:2308.08006 [physics].

[2] Vogt, E., Kjaergaard, H. G., Annu. Rev. Phys. Chem., 73, 209-231 (2022).

MO 1.5 Mon 12:15 HS 3044
Understanding fragmentation dynamics of difluorodiiodomethane —
∙Nidin Vadassery1,3, Ivo Vinklárek1, Sebastian Trippel1,2, and Jochen
Küpper1,2,3 — 1Center for Free-Electron Laser Science, Deutches Elektronen-
Synchrotron DESY, Hamburg, Germany — 2Department of Physics, Universität
Hamburg — 3Department of Chemistry, Universität Hamburg
Unimolecular photo-fragmentation is prevalent in the many chemical reactions
that affect the environment, like ozone depletion, synthesis of oxidative hydro-
carbons, formation of aerosol particles, etc. [1]. The photo-dissociation of man-
made and naturally occuring polyhalohydrocarbons is among the major causes
which contribute to such climate-impacting reactions. Difluorodiiodomethane
(CF2I2) one such example of polyhalohydorcarbon shows unconventional dy-
namics near dissociative energies [2]. Here, we present our experimental result of
exploring the dissociation dynamics of CF2I2 using near-infrared laser pulses. A
pure sample of CF2I2 was produced using the deflector in the eCOMOendstation
[3]. We show capability of the end-station to reveal metastable states and unravel
the complex quantum-state-specific dynamics during photo-fragmentation.

[1] J. C. G. Martin, et al., J. Am. Chem. Soc. 144, 9240 (2022).
[2] P. Z. El-Khoury, et al., J. Chem. Phys. 132, 124501 (2010).
[3] I. S. Vinklárek, et int. (3 authors), J. Küpper, S. Trippel, arXiv:2308.08006

[physics] (2023).

MO 1.6 Mon 12:30 HS 3044
Ultrafast photofragmentation studies of CF3I⋅I

− using mass-selected ion-
molecule cluster beam apparatus— ∙XiaojunWang1,4, MahmudulHasan1,
Lin Fan1, Yibo Wang1, Hui Li2, Daniel Slaughter3, and Martin
Centurion1 — 1Department of Physics and Astronomy, University of
Nebraska-Lincoln, Lincoln, Nebraska 68588, USA — 2Department of Chem-
istry, Nebraska Center for Materials and Nanoscience, and Center for Integrated
Biomolecular Communication, University of Nebraska-Lincoln, Lincoln, Ne-
braska 68588, USA— 3Chemical Sciences Division, Lawrence Berkeley National
Laboratory, 1 Cyclotron Rd., Berkeley, California 94720, USA — 4Deutsches
Elektronen-Synchrotron DESY, Notkestr. 85, 22607 Hamburg, Germany.
We describe an apparatus for investigating the excited-state dissociation dy-
namics of mass-selected ion-molecule clusters by mass-resolving and detecting
photofragment-ions and neutrals, in coincidence, using an ultrafast laser oper-
ating at high repetition rates. The apparatus performance is tested by measuring
the photofragments: I−, CF3I

− and neutrals from photoexcitation of the ion-
molecule cluster CF3I⋅I

− using femtosecond UV laser pulses with a wavelength
of 266 nm. The experimental results are compared with our ground state and
excited state electronic structure calculations as well as the existing results and
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calculations, with particular attention to the generation mechanism of the anion
fragments and dissociation channels of the ion-molecule cluster CF3I⋅I

− in the
charge-transfer excited state.

Reference: Rev. Sci. Instrum. 94, 095111 (2023)

MO 1.7 Mon 12:45 HS 3044
Coulomb explosion imaging of ultrafast photochemistry inmolecular photo-
switches—KieranCheung1, Claus Peter Schulz2, Arnaud Rouzeé2, Till
Jahnke3, Daniel Rolles4, Giuseppe Sansone5, Michael Meyer3, Mark
Brouard1, TerryMullins1, and ∙KasraAmini2 — 1Chemistry Research Lab-
oratory, Department of Chemistry, University of Oxford, Oxford OX1 3TA,
UK — 2Max-Born-Institut, Max-Born-Str. 2A, 12489 Berlin, Germany —

3European XFEL, Schenefeld, Germany— 4J.R. Macdonald Laboratory, Depart-
ment of Physics, Kansas StateUniversity,Manhattan, KS,USA— 5Physikalisches
Institut, Universität Freiburg, D-79106 Freiburg, Germany
Here, we present an X-ray Coulomb explosion imaging (CEI) study into
the photofragmentation and photochemistry of trans-4,4-difluoroazobenzene
(DFAB) measured with the COLTRIMS Reaction Microscope at the SQS station
of European XFEL.We first provide a systematic study of X-ray fragmentation in
DFAB with covariance analysis. We then present pump-probe X-ray CEI mea-
surements of DFAB excited to its first excited state under different visible pump
excitation conditions. We discuss the limited ability of trans-DFAB to undergo
trans-to-cis isomerization after initial population of its S1 state, and reveal the
onset of a dissociative ionization photodissociation process.

MO 2: Attosecond Physics I (joint session A/MO)
Time: Monday 11:00–13:00 Location: HS 1098
See A 2 for details of this session.

MO 3: Novel Spectroscopies
Time: Monday 17:00–19:00 Location: HS 1015

MO 3.1 Mon 17:00 HS 1015
Two-Dimensional IR Spectroscopy of Bifunctional Vibrational Probes —
∙ClaudiaGräve, Stefan Flesch, Luis IgnacioDomenianni, Jörg Lindner,
and Peter Vöhringer — Universität Bonn, Wegelerstr. 12, 53115 Bonn, Ger-
many
The nitrile group is a superb vibrational probe for the dynamics of biomolecular
systems.[1] Unfortunately, it exhibits a relatively small transition dipole moment,
which causes sensitivity issues in IR-spectroscopic studies.

Here, we study the vibrational dynamics of small organic nitriles featur-
ing an azide residue, which can later be utilized for protein incorporation.
The two nitriles studied here are 4-azidobenzonitrile (N3-C6H4-CN) and 3-(4-
azidophenyl)propiolonitrile (N3-C6H4-CC-CN).
We report on the linear Fourier-transform infrared spectra, as well as on

the femtosecond pump-probe and 2DIR spectroscopy. The linear spectra in
the azide and nitrile stretching region are highly complex due to Fermi reso-
nances involving the N3-fundamental. Furthermore, the 2DIR spectra reveal
the detailed vibrational energy flows between the azide and the nitrile groups
separated by the phenyl ring. Finally, coherent oscillations resulting from impul-
sive excitation of the Fermi multiplets were observed by means of pump-probe
measurements. Our results suggest that propiolonitrile is a superior vibrational
probe as compared to the bare CN.

Literature:
[1] H. Kim and M. Cho, Chem. Rev. 2013, 113, 5817-5847.

MO 3.2 Mon 17:15 HS 1015
Nonlinear 2D spectroscopy of single molecules — ∙Simon Durst, Sanchay-
eeta Jana, and Markus Lippitz—Universität Bayreuth
Fluorescence-detected 2D electronic spectroscopy (F-2DES) allows themeasure-
ment of ultrafast electron dynamics in complex systems while disentangling this
spectral information from energetically similar phenomena, such as molecular
vibration. Measuring the 2D spectra of single molecules instead of molecular
ensembles should provide an even clearer picture of the underlying physics and
give insight into the statistical distribution of optical properties and the environ-
ment of the molecules.

Tomeasure these spectra we use four collinear, phase-modulated femtosecond
pulses, generated by a four-arm Mach-Zehnder Interferometer to excite single
molecules with a confocal microscope. Their emitted fluorescence is modulated
at the mixing frequencies of the individual pulses, so we can use phase-sensitive
lock-in detection to detect the nonlinear signal and separate it from linear ef-
fects. This measurement technique promises high spectral, temporal and spatial
resolution.
In this talk, we present our setup and method to measure the 2D spectra of

single dibenzoterrylene (DBT) molecules, which are immobilised in a PMMA
matrix. We show results from these measurements and compare them with the
ensemble data.

MO 3.3 Mon 17:30 HS 1015
Coherent multidimensional spectroscopy of PTCDA monomers on ar-
gon clusters — ∙Yilin Li, Arne Morlok, Ulrich Bangert, Friedemann
Landmesser, Frank Stienkemeier, and LukasBruder—Institute of Physics,
University of Freiburg, Germany

The interaction and dynamics between single molecules and the environment
is of great interest yet challenging to study. In our approach, we dope rare gas
clusters with single molecules in the gas phase [1]. This provides us an ensem-
ble of doped nanoparticles, each particle well isolated from other environmental
influences. We study these systems with coherent multidimensional electronic
spectroscopy, a versatile technique providing further insights into intra- and
intermolecular couplings on ultrashort time scales [2,3]. Recently we started
analysing 2D beating maps to obtain information about the electronic and vi-
brational coherences, which are otherwise covered by line broadening mecha-
nisms, together with pump-probe measurements to study the decoherence and
the population decay of the system. First results of PTCDAmonomers on argon
clusters will be presented.

[1] M. Bohlen et al., J. Chem. Phys. 156, 034305 (2022)
[2] L. Bruder et al., Nat. Commun. 9, 4823 (2018)
[3] U. Bangert, F. Stienkemeier, L. Bruder, Nat. Commun. 13, 3350 (2022)

MO 3.4 Mon 17:45 HS 1015
Next generation fs transient spectroscopy based on 1030 nm pump —
∙Ferdinand Bergmeier and Eberhard Riedle— Lehrstuhl f. BioMolekulare
Optik, Fakultät f. Physik, LMUMünchen
The measurement of transient electronic spectra, vital for unraveling complex
photophysical, chemical, and biological processes, is achieved through fs exci-
tation and broadband UV to NIR detection. We present an innovative transient
absorption spectrometer based on a newly engineered kHz noncollinear optical
parametric amplifier (NOPA) pumped by a modern Yb-based 250 fs industrial-
grade pump laser. Coupled with a fully redesigned CaF2-based ultrabroad probe
pulse, this spectrometer retains the positive aspects of the earlier Ti:Sa-based sys-
tem. This ensures compactness with minimal optics and adjustments, boasting
a warm-up time of under ten minutes.

The probe continuum spans 320 to 950 nm with 1030 nm pumping and to
below 280 nm with 515 nm pumping. The pump is tunable from 220 to 950 nm
with a sub-20 fs pulse length and no spectral gaps. The instrumental response
function is below 40 fs. Single-shot spectral referencing achieves a sensitivity of
approximately 20 uOD for a half-hour measurement, near the shot noise limit.
The continuum splitting onto the signal and reference arm is achromatic and
dispersion-free. A perfectly round probe focus is achievedwith a Schief-Spiegler.

With the extreme precision of the setup, we address surface-resolved coherent
artifacts that are crucial for investigating processes on the 100 fs time scale. De-
tailed reference and precise chirp measurements of the probe continuum enable
sub-10 fs time-zero correction.

MO 3.5 Mon 18:00 HS 1015
Effects of Strong Coupling on the Chemiluminescent Reaction of Dioxe-
tane— ∙Markus Kowalewski and Mahesh Gudem— Stockholm University,
Stockholm, Sweden
Chemiluminescence, seen in phenomena like firefly light emission, involves
thermally activated chemical processes. Dioxetane, the smallest cyclic peroxide,
exhibits chemiluminescence with a lower quantum yield than firefly dioxetane.
Utilizing strong light-matter coupling as an alternative strategy, we investigate its
impact on dioxetane’s chemiluminescence reaction within an optical cavity. The
extended Jaynes-Cummingsmodel is used to incorporate the cavity couplings for
electronic and vibrational degrees of freedom. Results reveal that cavity interac-
tions can either accelerate or suppress the formation of excited-state products
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in the dioxetane decomposition, depending on molecular orientation relative to
cavity polarization.

MO 3.6 Mon 18:15 HS 1015
Exploring the scaling factors for infrared modes of polycyclic aromatic ni-
trogen heterocycles — ∙Domenik Schleier1,2, Jerry Kamer1, Jonathan
Martens3, Giel Berden3, Jos Oomens3,4, and Jordy Bouwman5,6,7 —
1Leiden Observatory, Leiden, The Netherlands — 2Uni Paderborn, Paderborn,
Germany — 3FELIX Laboratory, Nijmegen, The Netherlands — 4University of
Amsterdam, Amsterdam, The Netherlands — 5Laboratory for Atmospheric and
Space Physics, Boulder, USA — 6Department of Chemistry, Boulder, USA —
7Institute for Modeling Plasma, Atmospheres and Cosmic Dust, Boulder, USA
Infrared (IR) emission bands by interstellar Polycyclic Aromatic Hydrocarbons
(PAHs) offer detailed insights into the chemistry and physics of the interstel-
lar medium. It has been suggested that hetero atom substituted species such as
Polycyclic Aromatic Nitrogen Heterocycles (PANHs) also contribute to the aro-
matic IR emission bands. The analysis of the emission bands, and thus the in-
terpretation of the molecular characteristics of the carriers, heavily relies on the
use of density functional theory (DFT) calculated IR spectra. However, there
are significant challenges in accurately predicting the experimental IR band po-
sitions, particularly for PANH emission vibrational modes around 6 μm. In
this work, we present gas-phase mid-infrared (mid-IR) spectra of cationic 3-
azafluoranthene and its protonated congener to investigate their experimental
IR band positions in relation to DFT calculated bands.

MO 3.7 Mon 18:30 HS 1015
VUV Photoionization spectroscopy of cyano-substituted PAHs
— ∙Madhusree Roy Chowdhury1,2, Gustavo Garcia2, Helgi
Hrodmarsson3, Jean-Christophe Loison4, and Laurent Nahon2 —
1Institute of Physics and CINSaT, University of Kassel, Kassel, 34132, Ger-
many — 2Synchrotron SOLEIL, L’Orme des Merisiers, Départementale 128,
91190 Saint Aubin, France — 3LISA Laboratory, Universités Paris Est-Paris
Diderot-Paris 7, UMR CNRS 7583, Créteil, France — 4Université Bordeaux,
CNRS, Bordeaux INP, ISM, UMR 5255, Talence F-33400, France
Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the interstellar

medium (ISM), accounting for about a quarter of the total carbon mass of the
ISM. The aromatic infrared emission bands (AIBs) are the signatures of the ex-
istence of PAHs in the ISM. Although their presence is well acknowledged, the
individual detection of PAHs is notoriously difficult. Substituted PAHs being less
symmetric are promising candidates, leading to the detection of the two isomers
of cyanonaphthalenes (McGuire et.al. Science 2021) in TMC-1. Upon absorb-
ing the VUV radiation, PAHs relax via photoionization and photodissociation
processes in competition with radiative cooling. The VUV photoionization and
fragmentation of 1- and 2-cyanonaphthalenes is studied using a double imaging
photoelectron photoion coincidence spectrometer (i2PEPICO). The KE distri-
bution of the photoelectrons is useful to model the photoelectric heating for ra-
diation fields while the state-selected fragmentation of the cations shed light on
the photostability of the cyano substituted PAHs.

MO 3.8 Mon 18:45 HS 1015
Photoelectron Photoion Multicoincidence Study of Micro-Solvated Thymine
Molecules — ∙Brendan Wouterlood1, Stephan Schmitz1, Madhusree
Roy-Chowdhury2, Gustavo Garcia-Macias2, Laurent Nahon2, Frank
Stienkemeier1, and Sebastian Hartweg1 — 1Institute of Physics, University
of Freiburg — 2Synchrotron SOLEIL, St. Aubin, France
Studying biomolecules, such as amino acids and nucleobases, in the gas phase
allows unparalleled detail and fundamental insights into energetics and dynam-
ics at the molecular level. However, in-vivo bio-molecular systems exist mostly
in the condensed phase, which can affect ionisation energies as well as fragmen-
tation and relaxation pathways. Micro-solvation can be exploited to bridge the
gap between the gas and the condensed phases and allows for the application
of double imaging photoelectron photoion photoion coincidence (i2PEPIPICO)
spectroscopy. The ion-ion coincidence detection enables identification of signals
arising from non-local auto-ionisation processes of clusters, such as from inter-
molecular Coulombic decay. These processes are important to the field of radia-
tion chemistry since the production of low energy electrons can trigger reactions
which damage biological material. Here, preliminary results of a i2PEPIPICO
study of small water clusters (H2O)n (n=1-10) and water-thymine complexes,
will be presented.

MO 4: Strong-field Ionization and Imaging (joint session MO/A)
Time: Monday 17:00–18:30 Location: HS 3044

MO 4.1 Mon 17:00 HS 3044
Strong-Field Ionization of Nitrous Oxide Molecule by Short Femtosecond
Laser Pulses — ∙Feras Afaneh — Physics Department, The Hashemite Uni-
versity, P.O. Box 150459, Zarqa 13115, Jordan.
The dissociative photoionization of nitrous oxidemolecules, an important atmo-
spheric trace gas, induced by circularly and elliptically polarized laser pulses has
been studied by photoelectron photoion coincidence (PEPICO) spectroscopy.
PEPICO spectra were used to identify different dissociative photoionization
channels. It is observed that the ionized N2O and its fragments have different
correlation trends at different polarization schemes. The relative contributions
of different double and triple dissociative ionization channels to the total frag-
ment ion yield are also deduced from the coincident spectra of these channels.
The results show that the double dissociative photoionization channels: the den-
itrogenation (N2O

2+ –> N+ + NO+) and the deoxygenation ( N2O
2+ –> O+ +

N+
2 ). Furthermore, a considerable contribution of the triple dissociative ioniza-

tion channels to the total fragment ion yield is also observed. The channels "N+

+ NO+" and "O+ + N+
2 " can be explained by dissociation via the X3Σ− and 13Π

states of N2O
2+ as themajor peaks in themeasured kinetic energy release spectra

suggested.

MO 4.2 Mon 17:15 HS 3044
Theoretical semiclassical modelling of Laser Induced Electron Diffraction
(LIED) — ∙Álvaro Fernández1,2, Armin Iske3, Andrey Yachmenev1,4,
and Jochen Küpper1,2,4 — 1Deutsches Elektronen-Synchrotron DESY —
2Department of Physics, Universität Hamburg — 3Department of Mathematics,
Universität Hamburg — 4Center for Ultrafast Imaging, Universität Hamburg
Experimental techniques for molecular imaging underwent a very fast develop-
ment in the past decades. From a broad range of novel techniques, laser induced
electron diffraction (LIED) [1] stands out because of its high spatiotemporal res-
olution, high cross section, and lack of structural damage compared to other
modern techniques. However, the complexity of this technique causes the ne-
cessity of its own theory to understand the results. A general and accurate quan-
tum simulation of the experiment is, to this date, unfeasible and, for this reason,
semiclassical models [2] have arised as useful predicting algorithms.

In this talk, a comprehensive analysis of the LIED experiment using a semiclas-
sical model will be given. With this model, we can obtain efficient simulations of
the outcome for flexible configurations of molecular geometries. The quality of
the results will depend on several factors such as the choice of ionisation theory

or electrostatic potential model. An study of the relevance of these factors in the
computation of effective cross section for high energy electrons will be presented
during the talk.

[1] Karamatskos, E. T, et al., J. Chem. Phys., 150, 24 (2019)
[2] Wiese, J., et al., Phys. Rev. Research, 3, 013089, (2021)

MO 4.3 Mon 17:30 HS 3044
Wavefunction Reconstruction of Excitonic Edge States usingMachine Learn-
ing — ∙Aritra Mishra and Alexander Eisfeld — Max Planck Institute for
the Physics of Complex Systems, Dresden, Germany
A typical problem in quantum mechanics is to reconstruct the eigenstate wave
functions frommeasured data. In the case of molecular aggregates, the informa-
tion about the excitonic eigenstates is important to understand the optical and
transport properties [1]. It has been shown for a linear and a 2D arrangement of
the aggregate molecules that such a reconstruction is possible from the spatially
resolved near field absorption spectra [2].

Here, we consider the aggregates arranged in two sublattices in a 2D arrange-
ment, each sub lattice having a particular orientation of the molecules as de-
scribed in [3]. Interestingly, such an arrangement can lead to the formation of
topological excitonic edge states. We study the reconstruction of the excitonic
wave function of such a system from the near field absorption spectra. The recon-
struction is further investigated in the presence of disorder in the Hamiltonian
and noise added to the spectra.
[1] X. Gao and A. Eisfeld, J. Phys. Chem. Lett. 9, 6003 (2018)
[2] F. Zheng, X. Gao and A. Eisfeld, Phys. Rev. Lett. 123, 163202 (2019)
[3] J. Yuen-Zhou, S. K. Saikin, N. Y. Yao and A. Aspuru-Guzik, Nature Materials
13, 1026 (2014)

MO 4.4 Mon 17:45 HS 3044
Molecular self-probing for the visualisation of vibrational wave-packet dy-
namics and its laser-inducedmodification— ∙GerganaD. Borisova1, Paula
Barber Belda1, Shuyuan Hu1, Paul Birk1, Veit Stooss1, Maximilian
Hartmann1, Robert Moshammer1, Alejandro Saenz2, Christian Ott1,
and Thomas Pfeifer1 — 1Max-Planck-Institut für Kernphysik, 69117 Heidel-
berg — 2Institut für Physik, Humboldt-Universität zu Berlin, 12489 Berlin
We present an all-optical pump-control scheme formolecular wave-packet (WP)
visualisation and control, where the molecular ground state acts as an intrinsic
self-probe of the system, imprinting the evolution of an excited wave packet onto
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the coherent dipole emission [1]. In a proof-of-principle experiment, coherent
extreme ultraviolet (XUV) light creates a vibrational wave packet in the electron-
ically excited D 1Πu3pπ state of neutral H2. Measured XUV absorption spectra
of the D-state vibronic resonances provide access to the WP dynamics after re-
construction of the time-dependent dipole response [2], which probes the vibrat-
ing wave packet through the molecular ground state. An intense near-infrared
(NIR) pulse, applied shortly after theWP excitation, is used to control the wave-
packet evolution and through this its revival. With increasing NIR intensity the
WP revival shifts to earlier times. We identify state-specific NIR-induced phase
shifts as the origin of the observed time shifts, which can be applied even to
complex molecular systems to coherently steer the recovery of vibrational wave
packets on electronically excited potential-energy curves at a desired time. [1]
arXiv:2301.03908 [2] PRL 121 (2018) 173005

MO 4.5 Mon 18:00 HS 3044
Ultrafast imaging of rare-gas clusters from their formation to their ionization
dynamics — ∙Alessandro Colombo for the RareGas Clusters at SwissFEL-
Collaboration — ETH Zurich, 8049 Zürich, Switzerland
Coherent Diffraction Imaging (CDI) experiments performed at Free-Electron
Lasers (FELs) allow to capture femtosecond snapshots of isolated nanosamples,
and are a unique tool for spatially and temporally resolve ultrafast electron dy-
namics at the nanoscale. Isolated atomic clusters represent the perfect prototypi-
cal system for such investigations, thanks to their simple electronic structure and
their highly tunable size and shape [1]. We present imaging studies performed at
SwissFEL on mixed Ar/Xe nanoclusters produced by supersonic expansion into
vacuum. Imaging results at 1 keV photon energy reveal fascinating and unex-
pected shapes at a spatial resolution of few nanometers, which stimulate further
research about the thermodynamics and kinematics of these systems. Addition-
ally, the FEL was tuned to photon energies around 0.67 keV, corresponding to
the xenon 3d electronic resonance. Fluctuations of the scattering cross-section

of Xe can be identified in the CDI reconstructions even several tens of eV away
from the 3d edge. The observed behavior can be interpreted as the footprint of
ultrafast ionization dynamics happening within the FEL pulse duration, giving
insights into the evolution of high charge states, their optical properties and the
contribution of transient electronic resonances.

[1] A. Colombo and D. Rupp. (2023) in Structural Dynamics with X-ray and
Electron Scattering, Royal Society of Chemistry, in press

MO 4.6 Mon 18:15 HS 3044
High repetition rate ultrafast electron diffraction with direct electron detec-
tion—FernandoRodriguezDiaz, MarkMerö, and ∙KasraAmini—Max-
Born-Institut, Max-Born-Str. 2A, 12489 Berlin, Germany
Ultrafast electron diffraction (UED) is a power tool that can monitor the nuclear
dynamics of photo-induced gas-phase reactions in real-time with picometre and
<250-fs spatiotemporal resolution. However, the temporal resolution of state-
of-the-art gas-phase UED setups, often operating at <1-kHz, is insufficient to
time-resolve rapidly evolving photo-induced processes (e.g., <350-fs predicted
timescale of photoisomerization which plays a crucial role in vision). The lim-
ited temporal resolution is due to the severe space-charge dispersion experienced
in electron pulses containing 104 to 105 electrons.
Here, we present a new 30-kHz 100-keV UED setup employing direct elec-

tron detection that will be capable of performing time-resolved measurements
of photochemical reactions in gas-phase molecules with <100-fs temporal res-
olution, going beyond the current state-of-the-art in keV and MeV gas-phase
UED. This is made possible by operating below the severe space-charge disper-
sion regime using electron pulses containing very few electrons (<102) but with
sufficient electron flux (>106 electrons/s) thanks to the high repetition rate of our
system. Latest results from the commissioning of our pump-probe UED instru-
ment is presented with details of the current implementation of radiofrequency-
compressed electron pulses and the correction of time-of-arrival jitter issues.

MO 5: Interaction with Strong or Short Laser Pulses I (joint session A/MO)
Time: Tuesday 11:00–13:00 Location: HS 1010
See A 10 for details of this session.

MO 6: Ultracold Molecules and Precision Spectroscopy (joint session MO/Q)
Time: Tuesday 11:00–13:00 Location: HS 3044

MO 6.1 Tue 11:00 HS 3044
Laser cooling of Barium Monofluoride — ∙Sebastian Alejandro Morales
Ramirez1, MarianRockenhäuser1, FelixKogel1, PhillipGross1, Tatsam
Garg1, and Tim Langen1,2 — 15. Physikalisches Institut, Universiäat Stuttgart,
Pfaffenwaldring 57, 70569, Stuttgart, Germany — 2Atominstitut, TUWien, Sta-
dionallee 2, 1020 Vienna, Austria
Laser cooling of molecules has made remarkable progress over the last years,
and a wide variety of molecular species from diatomics to polyatomics can now
be routinely cooled. Recently, significant efforts have been made to add barium
monofluoride (BaF) to the list of laser-coolable species, as this molecule shows
great promise for various precision measurement applications and cold chem-
istry. Here, we report on the first experimental realization of Sisyphus cooling
of such BaF molecules. Our progress is enabled by high resolution absorption
spectroscopy of BaF’s intricate level structure and a detailed modelling of the re-
sulting cooling forces. In order further unterstand also the collisional properties
of BaF, we perform simultaneous absorption spectroscopy of BaF and calcium
monofluoride (CaF) molecules. This gives valuable insights into the thermalisa-
tion processes occuring inside a cryogenic buffer gas cell.

MO 6.2 Tue 11:15 HS 3044
Towards a MOT of AlF molecules— ∙SidWright— Fritz-Haber-Institut der
Max Planck Gesellschaft, Berlin
Aluminium monofluoride (AlF) is a promising candidate for laser cooling and
trapping. The primary laser cooling transition at 227.5 nm is extremely strong
and highly vibrationally diagonal, making it feasible to slow a molecular beam
from 200 m/s to rest in around 1 cm. This offers the potential to greatly increase
the number and density of molecules available for ultracold experiments.

In this talk, I will present the latest progress towards a magneto-optical trap
(MOT) of AlF molecules, focusing on the first laser slowing results, and our de-
velopment of a slow, continuous molecular beam source.

MO 6.3 Tue 11:30 HS 3044
Low-energy collisions between two indistinguishable tritium-bearing hydro-
gen molecules: HT+HT and DT+DT— ∙Renat Sultanov—Odessa College,
Department of Mathematics — 201 W. University Blvd. Odessa, TX 79764 USA

Elastic and rotational energy transfer collisions between two tritium-containing
hydrogen molecules are computed at low- and very low energies, down to ultra-
cold temperatures: T ≃ 10−8 K. A pure quantum-mechanical approach is ap-
plied. A high-quality global six-dimensional potential energy surface (PES) has
been appropriately modified and used in these calculations. In the case of the
symmetrical H2+H2 or D2+D2 collisions one can use the original H4 PES as it
is, i.e. without transformations. However, in the case of the non-symmetrical (or
symmetry-broken)HD+H2/D2, HT+HT, DT+DT scattering systems one should
also apply the original H4 potential (PES), but propagation (solution) of the
Schrödinger equation runs (in this case) over the corrected Jacobi vector [1,2].

1. R. A. Sultanov, D. Guster, S. K. Adhikari, Phys. Rev. A 85, 052702 (2012).
2. R. A. Sultanov, D. Guster, S. K. Adhikari, J. Phys. B 49 (2016) 015203.

MO 6.4 Tue 11:45 HS 3044
First laser spectroscopy of a rovibrational transition in the molecular hy-
drogen ion H+

2 — ∙Magnus Roman Schenkel, Soroosh Alighanbari,
and Stephan Schiller — Institut für Experimentalphysik, Heinrich-Heine-
Universität Düsseldorf, 40225 Düsseldorf, Germany
The molecular hydrogen ion H+

2 is the simplest molecule and has been the sub-
ject of innumerous theoretical studies, culminating in highly precise predictions
of its level energies [1]. Comparisons of these predictions and measured transi-
tion frequencies would offer excellent opportunities in fundamental physics that
go beyond the results achieved with the related HD+ [2]: a direct determina-
tion of the proton-electron mass ratio. In this work we report the first vibra-
tional laser spectroscopy of para-H+

2 between low-lying rovibrational levels [3].
We observed a first overtone electric quadrupole (E2) transition at 2.4 μm and
determined its spin-averaged frequency with 1.2 × 10−8 fractional uncertainty,
finding agreement with theory. By using HD+ as a test molecule, we also show
that E2 spectroscopy is possible with 1 × 10−12 uncertainty. This demonstrates
that determining mp/me spectroscopically with competitive accuracy is a real-
istic prospect.

This work has received funding fromDFGandNRWvia grants INST-208/774-
1 FUGG, INST-208/796-1 FUGG and from the ERC (grant No. 786306, *PRE-
MOL*).

[1] V. I. Korobov and J.-P. Karr, Phys. Rev. A 104, 032806 (2021).
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[2] S. Alighanbari et al., Nat. Phys. 19, 1263 (2023).
[3] M. R. Schenkel et al., Nat. Phys., to appear (2023).

MO 6.5 Tue 12:00 HS 3044
Frequency metrology system for spectroscopy of molecular hydrogen ions
in ALPHATRAP — ∙V. Vogt1, I.V. Kortunov1, K. Singh2, A. Kulangara
Thottungal George2, B. Tu2,3, C.M. König2, F. Raab2, J. Morgner2, T.
Sailer2, V. Hahn2, F. Heisse2, M. Bohman2, K. Blaum2, S. Sturm2, and S.
Schiller1 — 1Institut für Experimentalphysik, Univ. Düsseldorf, 40225 Düs-
seldorf — 2Max-Planck-Institut für Kernphysik, 69117 Heidelberg — 3Institute
of Modern Physics, Fudan University, Shanghai 200433
At MPIK, an experiment is in preparation aiming at ultra-high precision vibra-
tional spectroscopy of single molecules H+

2 and HD+ in the Penning-trap appa-
ratus ALPHATRAP. We require laser light at 1.1 μm and 5.48 μm, respectively,
with linewidth 10Hz, instability below 1 Hz, and absolute frequency measure-
ment capability with uncertainty below 10−13. In addition the laser light must
be available 24/7, tunable and switchable under computer control so as to imple-
ment appropriate molecule interrogation schemes. We have developed a laser
system, similar to [1,2], consisting of spectroscopy laser, reference cavity, trans-
fer laser, frequency comb, hydrogen maser and GNSS receiver at the U. Düssel-
dorf and transferred it to MPIK, where it has been put into operation again and
refined. To transport the spectroscopy light to the Penning-trap, optical fibers
with path length cancellation will be implemented. We report the current per-
formance of the system and discuss whether it satisfies the requirements of the
experiment.

[1] I. V. Kortunov et al., Nat. Phys. 17, 569 (2021)
[2] S. Alighanbari et al., Nat. Phys. 19, 1263 (2023)

MO 6.6 Tue 12:15 HS 3044
Photodissociation spectrum of a single trapped CaOH+ — ∙Zhenlin Wu,
Stefan Walser, Brandon Furey, Mariano Isaza-Monsalve, Elyas Mat-
tivi, RenéNardi, and Philipp Schindler— Institut für Experimentalphysik,
Universität Innsbruck, Innsbruck, Austria
Molecular ions can be sympathetically cooled and crystallized in atomic ion
crystals confined in radio-frequency traps, which are ideal for molecular spec-
troscopy on the singlemolecule scale. Their application in quantum technologies
and the exploration of fundamental physics have also been proposed and demon-
strated. Most experiments investigating the internal structure of trapped molec-
ular ions rely on dissociation-based state detection methods and quantum logic
spectroscopy via co-trapped atomic qubit ions. In our setup, we aim to study tri-
atomic CaOH+molecular ions generated in trapped Ca+ ion experiments in the
presence of water vapor. As the first step towards quantum logic spectroscopy
of a single trapped polyatomic ion, we investigate the single-photon and two-

photon photodissociation process of CaOH+ which excites the molecule to its
unbound first electronic excited state. We report the photodissociation cross
section spectrum of CaOH+ obtained from measurement of a single CaOH+
located in an ion chain. This result can be the basis of dissociation-based spec-
troscopy for studying the rovibrational structure of CaOH+. In addition, the re-
ported spectrum can be useful in large-scale trapped Ca+ quantum experiments
for recycling Ca+ ions when they form undesired CaOH+ ions via background
gas collisions.

MO 6.7 Tue 12:30 HS 3044
Collisional shift and broadening of Rydberg states in thermal nitric ox-
ide — ∙Alexander Trachtmann1, Fabian Munkes1, Patrick Kaspar1,
Florian Anschütz1, Philipp Hengel2, Yannick Schellander3, Patrick
Schalberger3, Norbert Fruehauf3, Jens Anders2, Robert Löw1, Tilman
Pfau1, and Harald Kübler1 — 15. Physikalisches Institut, Universität
Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart — 2Institut für Intelligente Sen-
sorik und Theoretische Elektrotechnik, Universität Stuttgart, Pfaffenwaldring
47, 70569 Stuttgart — 3Institut für Großflächige Mikroelektronik, Universität
Stuttgart, Allmandring 3b, 70569 Stuttgart
We report on the collisional shift and line broadening of Rydberg states in nitric
oxide (NO) with increasing density of a background gas at room temperature
[1]. As a background gas we either use NO itself or nitrogen (N2). The preci-
sion spectroscopy is achieved by a sub-Doppler three-photon excitation scheme
with a subsequent readout of the Rydberg states realized by the amplification of
a current generated by free charges due to collisions. [1] arXiv:2310.18256

MO 6.8 Tue 12:45 HS 3044
Highly-resolved Stark effect measurements of Rydberg states in thermal
nitric oxide — ∙Fabian Munkes1, Alexander Trachtmann1, Matthew
Rayment2, Florian Anschütz1, Ettore Eder1, Yannick Schellander3,
Philipp Hengel4, Patrick Schalberger3, Norbert Fruehauf3, Jens
Anders4, Robert Löw1, Tilman Pfau1, Stephen Hogan2, and Harald
Kübler1 — 15. Physikalisches Institut, Universität Stuttgart, Pfaffenwaldring 57,
70569 Stuttgart — 2Department of Physics and Astronomy, University College
London, Gower Street, London WC1E 6BT, UK — 3Institut für Großflächige
Mikroelektronik, Universität Stuttgart, Allmandring 3b, 70569 Stuttgart —
4Institut für Intelligente Sensorik und Theoretische Elektrotechnik, Universität
Stuttgart, Pfaffenwaldring 47, 70569 Stuttgart
We demonstrate Stark effect measurements at room temperature of high-lying
Rydberg states in nitric oxide. These states are generated using a three-photon
continuous-wave excitation scheme. The readout is based on the detection of
charged particles created by collisional ionization of Rydberg molecules. A the-
oretical discussion of the obtained experimental results is given.

MO 7: Poster: Spectroscopy
Time: Tuesday 17:00–19:00 Location: Tent C

MO 7.1 Tue 17:00 Tent C
In Situ Hyperpolarized Benchtop NMR for Biomolecular Analysis at Nat-
ural Isotopic Abundance — ∙Jingyan Xu1,2,3, Raphael Kircher1,2,3, and
Danila Barskiy1,2,3 — 1Johannes Gutenberg University, Mainz, Germany —
2Helmholtz-Institut, Mainz, Germany— 3Helmholtzzentrum für Schwerionen-
forschung, Darmstadt, Germany
Nuclear Magnetic Resonance (NMR) is a key noninvasive tool in fields ranging
from research and industry to medicine. Benchtop NMR spectrometers have re-
cently emerged as practical alternatives to traditional high-field NMR systems,
especially for on-the-spot analysis and process monitoring. A notable challenge
with these systems is the detection of low-abundance heteronuclei like 13C or
15N, hindered by low spin polarization resulting from weak interactions with
the magnetic field. Our study introduces a novel hyperpolarization technique to
overcome this limitation by integrating Signal Amplification by Reversible Ex-
change (SABRE) with a Spin-Lock Induced Crossing (SLIC) pulse sequence. Ap-
plied to various molecules, this method achieves up to 12% polarization for 15N
and 0.4% for 13C, without needing sample transfer. Furthermore, our method
allows for continuous hyperpolarization, paving the way for advanced applica-
tions in rapid 2D spectroscopy and relaxometry. This development offers a cost-
effective, efficient means of detecting diluted chemicals using benchtop NMR,
signaling a significant leap forward in diverse industrial and research applica-
tions.

MO 7.2 Tue 17:00 Tent C
An experimental setup to study the influence of hydration on small charged
molecular systems by rotationally resolved vibrational spectroscopy —
∙Eric Endres1, Christian Sprenger1, FranziskaDahlmann2, and Roland
Wester1 — 1Institut f. Ionenphysik und Angewandte Physik, Universität Inns-
bruck, Technikerstraße 25/3, A-6020 Innsbruck, Austria— 2KTHRoyal Institute
of Technology, Stockholm, Sweden

Hydration with individual water molecules significantly influences the struc-
ture and, consequently, the function of biomolecules. This contribution intro-
duces an experimental setup designed to examine the influence of hydration on
the structure of small biomolecules using rotationally resolved pre-dissociation
spectroscopy.

Ions are generated using a custom-built Nano-ESI system housed within a
controlled environment, regulating e.g. humidity and temperature, enabling
the control of the hydration level. A double skimmer setup gently transfer the
ions into vacuum, avoiding breaking apart the loosely bound water molecules.
Through an octupole guide and a quadrupole guide the water clusters are let into
a cryogenic 16-pole wire ion trap. Trap temperatures below 3K can be achieved,
enabled binding of up to four helium atoms on protonated glycine ions. The con-
fined ions are irradiated by a narrow-band laser system with an output linewidth
in the IR below 0.1 cm−1

The low temperatures in combination with the small linewidth of the laser sys-
tem potentially lead to rotationally resolved vibrational spectroscopy. Here the
current status will be reported.

MO 7.3 Tue 17:00 Tent C
Towards photodetachment spectroscopic studies of deprotonated naphtha-
lene. — ∙MichaelHauck, SruthiPurushuMelath, Christine Lochmann,
Robert Wild, Katrin Erath-Dulitz, and Roland Wester — Institut für
Ionenphysik und Angewandte Physik, Universität Innsbruck, Technikerstraße
25/3, 6020 Innsbruck, Austria
Polycyclic aromatic hydrocarbon (PAH) molecules are important in the study
of interstellar chemistry. The discovery of benzonitrile in the molecular cloud
TMC-1 hints at the existence of larger aromatic molecules which might explain
still unassigned infrared bands [1,2]. We are interested in the spectroscopic study
of deprotonated naphthalene (C10H

−
7 ). Photoelectron spectroscopic studies of

this molecule were performed, which found the electron affinities of two possi-
ble isomers [3].
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Here we present a 2D tomography photodetachment scan of deprotonated
naphthalene in our cryogenic 16 pole trap, which we measure in order to ex-
tract the value of the absolute photodetachment cross section. We further plan
to examine the behaviour of the cross section near threshold and measure the
electron affinity of the molecule.
[1] J. Gao, G. Berden and J. Oomens, Ap. J. 787, 170 (2014)
[2] B. A. McGuire et al., Science 359, 202 (2018)
[3] M. L. Weichman, J. B. Kim and D. M. Neumark, J. Phys. Chem. A 119,

6140 (2015)
MO 7.4 Tue 17:00 Tent C

Combination of action-based interferometric measurements with depletion
spectroscopy— ∙LeonieWerner, Ulrich Bangert, Yilin Li, ArneMorlok,
Lukas Bruder, and Frank Stienkemeier — University of Freiburg, Institute
of Physics, Hermann-Herder-Straße 3, 79104 Freiburg im Breisgau, Germany
Isolation spectroscopy in ultracold helium nanodroplets enables the investiga-
tion of single and multiple embedded organic molecules in a cold, weakly per-
turbing environment [1]. In our lab, we combine this method with interferomet-
ric techniques, such as wave packet interferometry (WPI) and two-dimensional
electronic spectroscopy (2DES) [2, 3]. This allows us to achieve high temporal
and energy resolution at the same time. Standard detection techniques are laser-
induced fluorescence or photoionization. Yet, these methods have problems to
capture non-radiative photochemical processes or pose a challenge in overcom-
ing the high ionization potentials of organic molecules. To solve these issues, we
are exploring beamdepletion detectionmethods [1]. First tests will be presented.

[1] J. P. Toennies and A. F. Vilesov, Angew. Chem. Int. Ed. 43, 2622 (2004).
[2] L. Bruder et al., Nat. Commun. 9, 4823 (2018).
[3] L. Bruder et al., J. Phys. B 52, 183501 (2019).

MO 7.5 Tue 17:00 Tent C
Investigating the PhotodissociationDynamics ofCH2BrwithVMI— ∙Lilith
Wohlfart, Christian Matthaei, and Ingo Fischer — Julius-Maximilians-
Universität, 97074 Würzburg, Germany
Bromomethyl belongs to the class of organic halogen radicals. Therefore, it
can potentially influence the atmosphere by reacting with the ozone layer and
causing its depletion similar to HCFCs. The photoionization of bromomethyl
was already investigated by several groups, including Steinbauer and coworkers.
They determined the ionization energy and structure with VUV synchrotron
radiation and investigated the dissociative photoionization. To obtain further
insights into the dissociation of bromomethyl, we analyzed the fragments of the
radical using velocity map imaging (VMI).

CH2Br-NO2 was used as a precursor for the halogenatedmethyl radical, because
the weaker C-NO2 bond can be cleaved through pyrolysis. Subsequently, laser
light in the UV region was deployed to dissociate the formed CH2Br radical. The
major dissociation pathway gave the methylene and bromine fragments which
were detected with SPI and REMPI respectively. With velocity map ion imag-
ing, the translational kinetic energy distribution of the photofragments was de-
termined. The recorded images of the bromine and methylene photofragments
showed an anisotropic distribution, implying a direct dissociation.

MO 7.6 Tue 17:00 Tent C
Photodissociation dynamics of the CHCl2 radical — ∙Jonas Fackel-
mayer and Ingo Fischer — Julius-Maximilians-Universität Würzburg, 97074
Würzburg, Germany
Monitoring the atmospheric abundances of the ozone-depleting CFCs has re-
vealed a global increase in emission of these banned substances.[1] Meanwhile
the dimensions of the ozone-hole have been reported to be at a all time high
in 2023.[2] This makes the photodissociation of these compounds of great im-
portance since it often results in the release of highly reactive halogen radicals.
While the dissociation dynamics of molecular halocarbons have been studied in
detail in the past, less is known about their open shell counterparts.

The photofragmentation of the open shell CHCl2, generated by pyrolysis from
the bromide and iodide precursors CHCl2Br/CHCl2I, was investigated in a free
jet utilising time-of-flight mass-spectrometry and velocity map imaging. Pho-
todissociation was achieved by a pulsed dye laser in the range of 230 - 250 nm
mainly producing CHCl and Cl fragments, while ionisation was provided by ei-
ther a second dye laser (REMPI) or a frequency multiplied solid state laser at
118 nm (SPI). Insights into the involved dissociation mechanisms are discussed.

[1] L. M. Western al., Nat. Geosci. 2023, 16, 309*313.
[2] European Space Agency, Ozone hole goes large again, 2023.

MO 7.7 Tue 17:00 Tent C
Time-resolved photoelectron and photoion spectroscopy of phenanthridine
- an experimental and computational study — ∙Katharina Theil1, Jonas
Fackelmayer1, Lionel Poisson2, Lou Barreau2, and Ingo Fischer1 —
1Institute of Physical and Theoretical Chemistry, University of Würzburg, Am
Hubland, D-97074 Würzburg — 2Institut des Sciences Moléculaires dOrsay
(ISMO) UMR 8214, Rue André Rivière, Bâtiment 520, Université Paris-Saclay,
F-91405 Orsay Cedex, France

Understanding the fundamental photophysical processes in molecules is essen-
tial for deciphering their photochemistry, given that molecules rarely undergo
reactions directly from their initially excited electronic states. Recently, the
focus has shifted towards investigating polycyclic aromatic nitrogen heterocy-
cles (PANHs) within the extensive studies of polycyclic aromatic hydrocarbons
(PAHs) as potential carriers of ’unidentified infrared bands’ and diffuse interstel-
lar bands.[1] Here we investigate the ultrafast excited-state dynamics of phenan-
thridine, a prototypical PANH, employing femtosecond time-resolved pump-
probe spectroscopy conducted in the gas phase. The real-time monitoring of
these dynamics is facilitated through time-resolved photoionization and pho-
toelectron imaging. The experimental results are accompanied by theoretical
calculations.

[1] D. McNaughton et al., Phys. Chem. Chem. Phys., 2007, 9, 591-595.
MO 7.8 Tue 17:00 Tent C

Ultrafast UV-Vis spectroscopy on a series of novel Fe(III) photosensitizers
with linked organic chromophores— ∙MiguelAndreArgüelloCordero1,
Lennart Schmitz2, Matthias Bauer2, and Stefan Lochbrunner1 —
1University of Rostock, Germany — 2University of Paderborn, Germany
In recent years, the exploration of photocatalytic methodologies for solar fuel
production has garnered attention due to their promise as a sustainable energy
source. Central to these approaches are molecular photosensitizers (PS) with a
metal component for efficient light absorption. However, the reliance on pre-
cious metals in conventional PS has prompted a fervent exploration into alter-
natives employing cost-efficient metals, like iron. Fe(III)-based PS exhibit a dis-
tinctive bichromophoric nature, stemming from the existence of ligand-to-metal
charge transfer transitions (LMCT). This unique attribute facilitates the capture
of the entire visible spectrum, resulting in the population of enduring LMCT
states. The strategic modification of the ligand structure further allows for the
modulation of energy levels and excited state lifetimes. In this study, we intro-
duce a series of novel Fe(III) PS featuring organic chromophores attached to
their ligand backbones. By extending the chromophores, we uncover intrigu-
ing ultrafast electronic dynamics following optical excitation. Their investiga-
tion is carried out through fs-UV-Vis transient absorption spectroscopy. This
work presents our findings on pump-probe spectroscopy applied to the Fe(III)
PS, providing a comprehensive discussion on the observed results in the context
of electronic relaxation pathways.

MO 7.9 Tue 17:00 Tent C
Time-Resolved Spectroscopic Studies on the Net Heterolysis of Homopo-
lar Selenium-Carbon Bonds — ∙Daniel Jan Grenda, Anna Franziska
Tiefel, CarinaAllacher, EliasHarrer, Roger JanKutta, JuliaRehbein,
Alexander Breder, and Patrick Nuernberger — Universität Regensburg,
93040 Regensburg
When thinking about chemical bonds, one considers polarity as the major fac-
tor determining if a bond cleavage occurs homolytically or heterolytically, as
bonds with a negligible dipole moment exclusively undergo homolysis, whereas
heterolysis requires a sufficiently high dipole moment or some kind of exter-
nal bond activation [1]. We demonstrate that by combining photochemistry [2]
with the radical chemistry of organoselenium compounds [3] and the proper-
ties of the solvent hexafluoroisopropanol [3, 4], net heterolysis of the homopolar
selenium-carbon bond can be achieved and utilized in a subsequent SN1-type
substitution. Themechanism of this reaction is disclosed using transient absorp-
tion spectroscopy with streak-camera detection [5] and other advanced spectro-
scopic techniques, as well as theoretical and synthetic investigations.
[1] H. Brueckner, Reaktionsmechanismen Springer Spektrum (2008).
[2] B. Koenig et al., Eur. J. Org. Chem., 15, 1979-1981 (2017).
[3] I. Colomer et al., Nat. Rev. Chem., 1, 0088 (2017).
[4] S. Park et al., Angew. Chem. Int. Ed., 61, e202208611 (2022).
[5] R. J. Kutta et al., Appl. Phys. B, 111, 203-216 (2013).

MO 7.10 Tue 17:00 Tent C
Ultrafast Time-Resolved NIR-Spectroscopy of Metal Complexes — ∙Nina
Brauer1, MiguelAndreArgüelloCordero1, SamiraDabelstein1, Jakob
Steube2, Lennart Schmitz2, MatthiasBauer2, and Stefan Lochbrunner1
— 1University of Rostock, Germany — 2University of Paderborn, Germany
Light induced charge transfer in metal complexes is a crucial part in many pho-
tocatalytic processes and holds great potential for future applications in solar en-
ergy harvesting. However, today most of the utilized organo-metallic complexes
contain a raremetal center ion, such as rutheniumor iridium. A promising, cost-
efficient replacement are iron based complexes, which are the subject of current
research to optimize their photoactive properties.

One of the most prominent measurement techniques is transient absorption
spectroscopy, during which the sample is photoexcited and probed with a broad-
band femtosecond laser pulse. Up until now, time-resolved measurements of
iron complexes have been limited to the spectral region of visible light. In this
work, the supercontinuum from an Yttrium Aluminum Garnet (YAG) crystal is
used to probe the transient absorption of Fe(III)-complexes in the near-infrared
(NIR). With a probing spectrum ranging from 820 nm up to 1250 nm, the dy-
namics of the excited state absorption of these complexes are investigated.

97



Molecular Physics Division (MO) Tuesday

MO 7.11 Tue 17:00 Tent C
Simplified photoelectron photoion covariance spectrometer for challenging
UVpump-probe experiments— ∙NicolasLadda, FabianWestmeier, Tonio
Rosen, Sudheendran Vasudevan, Hangyeol Lee, Simon Ranecky, Sagnik
Das, Jayanta Ghosh, Till Stehling, Hendrike Braun, Jochen Mikosch,
Thomas Baumert, and Arne Senftleben — Institut für Physik, Universität
Kassel, Heinrich-Plett-Strasse 40, 34132 Kassel, Germany
Velocity Map Imaging spectroscopy is a powerful method for investigating pho-
toionization processes. The technique can be combined with time-of-flight spec-
trometry to gain further insight into the underlying processes. The result-
ing device can be used for photoelectron photoion covariance (PEPICO) mea-
surements. Here we want to present our simple, but geometrically optimized
PEPICO spectrometer, which can measure photoelectron momenta and pho-
toionmasses with high resolution while minimizing the background signal orig-
inating from scattered UV photons. The spectrometer will be used to investigate
the dynamics of chiral molecules by studying time-resolved photoelectron circu-
lar dichroism [1]. In addition to special viewportsmade of single-crystal calcium
fluoride (CaF2) with a broadband AR coating (190 - 900 nm) tominimize reflec-
tions and scattering, baffles made of dendritic copper oxide (δ-CuO) with high
UV absorption are used to capture the residual scattered photons [2].

[1] Lux, C. et al. Angew. Chem. Int. Ed. 51, 5001*5005 (2012)
[2] Clarkin, O. J., Dissertation, Queen’s University, (2012)

MO 7.12 Tue 17:00 Tent C
Resonant double core hole spectroscopy of ultrafast decay dynamics in
Fe complexes — ∙Julius Schwarz1, Matz Nissen1, Alberto De Fanis2,
Aljoscha Rörig2, Karolin Baev5, Florian Trinter4, Tim Laarmann1,6,
Nils Huse1, Philippe Wernet3, Michael Meyer2, Thomas Baumann2, Si-
mon Dold2, TommasoMazza2, Yevheniy Ovcharenko2, Sergey Usenko2,
Markus Ilchen1,2, Andreas Przystawik1,6, Hampus Wikmark3, and
Michael Martins1 — 1Universität Hamburg, Germany — 2European XFEL,
Hamburg, Germany — 3Uppsala University, Sweden — 4Fritz-Haber-Institut,
Berlin, Germany — 5DESY, Hamburg, Germany — 6The Hamburg Centre for
Ultrafast Imaging, Hamburg, Germany
Resonant double core hole (DCH) spectroscopy allows for the observation of
ultrafast dynamic processes in small 3d-metal compounds in the gas phase with
enhanced sensitivity. Using the intense X-Ray pulses of the EuropeanXFEL, elec-
tron and ion spectroscopy was used to reveal the signature of iron 2p2 resonant
DCH excitation in iron pentacarbonyl and ferrocene. Comparing the experi-
mental results to theoretical calculations reconstructs single core hole (SCH) and
DCH photon-matter interactions in the two targets. The DCH Auger-Meitner
electron signals offer insight to the electron dynamics during the core hole life-
time and their dependence on the chemical environment. The product ions show
evidence for DCH processes in multiply charged iron cations.

MO 7.13 Tue 17:00 Tent C
Accuratemolecular ab initio calculations in support of photodissociation ex-
periments— ∙Giorgio Visentin1,2, Bo Ying2,3, Stephan Fritzsche1,2,3, and
Gerhard Paulus2,3 — 1Helmholtz-Institut Jena, Fröbelstieg 3, 07743 Jena, Ger-
many — 2GSI Helmoltzzentrum für Schwerionenforschung, 64291 Darmstadt,
Germany— 3Friedrich Schiller University, Max-Wien-Platz 1, 07743, Jena, Ger-
many
Novel experimental techniques based on pump-probe femtosecond laser pulses
have paved the way to the investigation of ultrafast molecular processes, such as
photodissociation. In this process, the molecule is first ionized; then, the colli-
sion with the ejected electron induces two competing mechanisms, i.e., disso-
ciation by excitation to a dissociative electronic excited state or dissociation by
ionization to a dissociative charge state. Evaluation of these mechanisms is a
crucial step in the experimental understanding of the molecular photodissocia-
tion dynamics. In this framework, accurate ab initio calculations of the potential
energy curves (PECs) of the molecular ions provide a valuable tool in support
of the experiment. In this abstract, an accurate relativistic ab initio molecular
approach is proposed to model the PECs or Ar2

+ in the electronic ground and
lowest-lying excited states. This approach yields results in reasonable agreement
with the available literature data and supports the ion-beam experiments inves-
tigating the dissociation pathways of Ar2

+ molecular ion. Furthermore, the suc-
cess of the aforementioned theoretical approach prospects the investigation on
the photodissociation of heavier diatomics.

MO 7.14 Tue 17:00 Tent C
Decoherence in molecular systems with structured spectral densities stud-
ied with Gaussian wavepacket propagation — ∙Sreeja Loho Choudhury1,
Rainer Hegger1, Rocco Martinazzo2,3, and Irene Burghardt1 —
1Institute of Physical and Theoretical Chemistry, Goethe University Frankfurt,
Germany — 2Department of Chemistry, Università degli Studi di Milano, Italy
— 3Instituto di Scienze e Tecnologie Molecolari, CNR, Milano, Italy
We investigate the time scale of decoherence in complex molecular systems
following laser excitation [1]. Vibronic coupling Hamiltonians in conjunction
with realistic, structured spectral densities are employed in order to track de-

coherence on a typical time scale of femtoseconds. Tensor network methods,
notably the Gaussian-based Multi-Configuration Time-Dependent Hartree ap-
proach [2], are used to obtain accurate decoherence estimates obtained from the
time-evolving purity. We focus on a donor-acceptor system that has recently
been studied [1], comprising tens of vibrational degrees of freedom. This system
is subject to a coherent excitation energy transfer (EET) process and exhibits irre-
versible decay features despite the finite dimensionality. Numerical decoherence
decay is compared with analytical estimates for pure dephasing in spin-boson
systems [3-4]. [1]M. Asido et al., Phys. Chem. Chem. Phys. 24, 1795 (2022). [2]
P. Eisenbrandt, M. Ruckenbauer and I. Burghardt, J. Chem. Phys. 149, 174102
(2018). [3] O. Prezhdo and P. Rossky, Phys. Rev. Lett. 81, 5294 (1998). [4] M. A.
Schlosshauer, Decoherence and the Quantum-To-Classical Transition, Springer
(2007).

MO 7.15 Tue 17:00 Tent C
Photoelectron spectroscopy study of anthracene anions in gas phase —
∙Kevin Schwarz, Aghigh Jalehdoost, and Bernd v. Issendorff — Insti-
tute of Physics, University of Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg,
Germany
Organic semiconductors like anthracene (C14H10) show interesting properties
and keep being of interest across science and technology. They are used, for in-
stance, in organic solar cells. To get a better understanding of those molecules
they are investigated in the gas phase by anion photoelectron spectroscopy (PES)
to gain knowledge on the different involved electronic and vibrational modes of
the molecules, especially on electronic relaxation processes giving information
about the dynamics within the molecules. Furthermore, temperature-resolved
studies are of high interest due to changes in the vibrational modes accessible to
the clusters, so to address those measurements and also to increase the resolu-
tion of the spectra in general a radio frequency ion trap will be added into the
setup.

MO 7.16 Tue 17:00 Tent C
Phase-sensitive detection of photons— Lucas Ludwig, ∙Sanchayeeta Jana,
SimonDurst, andMarkus Lippitz—Chair for experimental physics III, Uni-
versität Bayreuth, Bayreuth, Germany
In quantum optics, the measured signal is often photon detection events. Modu-
lation and phase-sensitive detection of photons is essential formany applications.
Even though phase-sensitive or lock-in detection is a compelling technique in-
vented over 90 years ago, all commercial lock-in detectors use an analog voltage
measured by a detector (e.g., a photodiode) as the input signal. Thus, one can-
not use a commercial lock-in detector with photon counters for phase-sensitive
detection of photons. For this reason, we have developed a method for lock-in
detection of photons, whichwe use formeasuring 2D spectra of singlemolecules.

We employ AOMs to phase-modulate four optical pulses for the fluorescence-
detected two-dimensional electronic spectroscopy (F-2DES) experiment. A ref-
erence diode detects the interference signal, and the output goes to an FPGA,
where three phase lock loops (PLL) lock the phase difference between the pulses
and send the trigger pulse to a time tagger. A single photon counting detector
detects the fluorescence signal from the molecules after excitation with the four
phase-modulated pulses. These photons are also registered by the time tagger,
thus enabling phase-sensitive detection of photons.

This work will discuss the construction of PLLs in FPGA and their character-
istics.

MO 7.17 Tue 17:00 Tent C
Cogwheel phase cycling in action-based two-dimensional spectroscopy —
∙Stefan Müller, Ajay Jayachandran, and Tobias Brixner — Institut für
Physikalische und Theoretische Chemie, Universität Würzburg, Am Hubland,
97074 Würzburg
Coherent two-dimensional (2D) spectroscopies, which detect an action-based
signal instead of a coherent signal, have become increasingly popular in recent
years. These signals include photoions, internal or external photocurrents, and
fluorescence. To extract the coherent information from the incoherent signal, a
procedure such as phase cycling can be employed, which is usually carried out
in a “nested” fashion, i.e., each pulse phase is incremented sequentially. Here
we adapt a procedure from nuclear magnetic resonance spectroscopy, “cogwheel
phase cycling,” in which all pulse phases are varied simultaneously in increments
given by so-called winding numbers [1]. We show how to perform a numeri-
cal search for these winding numbers. Using a pulse-shaper-assisted setup for
fluorescence-detected 2D spectroscopy, we demonstrate that fourth-order and
higher-order signals can be acquired with fewer cogwheel phase-cycling steps
compared to nested phase cycling while maintaining the same signal selectivity
[2]. We predict considerable time savings for various pulse-shaper-based multi-
dimensional spectroscopies.

[1] M. H. Levitt et al., J. Magn. Reson. 155, 300–306 (2002).
[2] A. Jayachandran et al., J. Phys. Chem. Lett. 13, 11710 (2022).
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MO 7.18 Tue 17:00 Tent C
Cross-peak analysis of multiquantum signals with polarization-controlled
higher-order transient absorption spectroscopy — ∙Katja Mayershofer1,
Simon Büttner1, Julian Lüttig2, Peter A. Rose3, Jacob J. Krich3,4, and
Tobias Brixner1 — 1Institut für Physikalische und Theoretische Chemie, Uni-
versität Würzburg, Am Hubland, 97074 Würzburg — 2Department of Physics,
University of Michigan, Ann Arbor, MI, USA — 3Department of Physics, Uni-
versity of Ottawa, Ottawa, Ontario, Canada — 4Nexus for Quantum Technolo-
gies, University of Ottawa, Ottawa, Ontario, Canada
Awell-established application of two-dimensional (2D) spectroscopy is the char-
acterization of energy transfer processes via analyzing of 2D cross-peaks. In tran-

sient absorption (TA) measurements, by contrast, signals from 2D off-diagonal
and on-diagonal contributions overlap on the detection axis. In a recent paper,
Zanni’s group [1] presented a new polarization scheme that suppresses diago-
nal peaks and makes it possible to investigate cross-peak features with TA spec-
troscopy. We adapted and applied this polarization scheme to the new method
of higher-order TA spectroscopy [2] that separates signals of different orders and
thus isolates signals stemming from exciton–exciton interactions (EEI).Through
the combination of higher-order TA spectroscopy and polarization control we
aim to analyze cross-peak features in fifth-order signals originating from EEI in
a squaraine heterodimer.

[1] K. M. Farrell et al., PNAS 2022, 119, e2117398118.
[2] P. Malý et al., Nature 2023, 616, 280.

MO 8: Poster: Collisions
Time: Tuesday 17:00–19:00 Location: Tent C

MO 8.1 Tue 17:00 Tent C
Excitation and dissociation of astrophysically relevant molecules by ion im-
pacts — ∙Masato Nakamura — College of Science and Technology, Nihon
University, Funabashi, Japan
Collision-induced dissociation of molecules by ion impacts plays an important
role in the chemical evolution in molecular clouds. To reveal the mechanism
of such processes, the energy transfer and fragmentation of molecules by ion
impacts at hyperthermal energies are theoretically studied. The classical trajec-
tory (CT) calculation and the spectator model are applied to estimate the energy
transfer from translational to internal degrees of freedom. The model predicts
the energy-transfer from the translational to the internal degrees of freedomwith
less efficiency. The threshold energy for CID of CO molecule by ion impacts is
calculated for various projectiles. When the projectile is much lighter than the
target, it is found that the spectator model works well. The probability of CID
depends strongly on the orientation angle at the moment of the contact. Calcu-
lation and analysis are extended to other astrophysically relevant molecules.

MO 8.2 Tue 17:00 Tent C
Intermolecular Coulombic Decay from organic dimers — ∙Deepthy Maria
Mootheril1, Xueguang Ren2, Thomas Pfeifer1, and Alexander Dorn1

— 1Max-Planck-Institute of Nuclear Physics, Heidelberg, 69115, Germany —
2School of Physics, Xi’an Jiaotong University, Xi’an, 710049, China
Inter-atomic/intermolecular Coulombic decay (ICD) is an important electronic
relaxation mechanism after inner-valence ionization of atoms or molecules with
weakly bound neighbours. Here we study ICD in organic heterocycle dimers
like thiophene dimers and pyridine-water complexes induced by electron colli-
sions (109 eV) using the (e,e+2ion) coincidence technique [1]. Collisions with
electrons causes ionization of the inner valence orbital. It is observed that the
energy released after relaxation to the inner valence vacancy is transferred to
the neighbouring molecule, mainly via ICD, ionizes the outer valence orbital of
the neighbor and thus inducing Coulomb explosion of the dimer. Comparison
of projectile energy loss spectra with theoretical single ionization spectra shows
the ICD mainly proceeds from the C 2s−1 inner valence vacancy in thiophene
dimers and from the O 2s−1 and the N 2s−1 inner-valence vacancies in pyridine-
water clusters [2].
References:
[1] X. Ren et al 2018 Nature Physics 14(10) 1062- 1066
[2] A. D. Skitnevskaya et al 2023 J. Phys. Chem. Lett. 14(6) 1418-1426

MO 8.3 Tue 17:00 Tent C
Dynamics ofmethane CH4 activation by tantalum cations Ta+ in gas phase—
Marcel Meta1, Maximilian Huber1, ∙Maurice Birk1, Martin Wedele1,
Milan Ončák2, and Jennifer Meyer1 — 1RPTU Kaiserslautern-Landau,
Fachbereich Chemie und LandesforschungszentrumOPTIMAS, Kaiserslautern,
Germany — 2Universität Innsbruck, Institut für Ionenphysik und Angewandte
Physik, Innsbruck, Austria
To understand reactions on an atomic-level, we make use of well-defined model
systems in the gas phase. We are interested in the rearrangement of atoms during
a reaction, i.e. the atomistic dynamics which we investigate bymeasuring energy
and angle differential cross sections [1,2].
The reaction Ta+ + CH4 → TaCH2

+ +H2 in it’s quintet ground state is endother-
mic and spin forbidden. However the reaction is still observed at room temper-
ature. An efficient crossing from the quintet surface over to the triplet surface
leads to the exothermic formation of TaCH2

+ [3-6]. The title reaction was inves-
tigated by measuring experimental energy and angle differential cross sections
via crossed beam velocity map imaging supported by quantum chemical calcu-
lations.
[1] J. Meyer, R. Wester, Annu. Rev. Phys. Chem. 2017, 68, 333; [2] M. Meta
et. al., J. Phys. Chem. Lett. 2023, 14, 24, 5524; [3] J. F. Eckhard et. al., J. Phys.
Chem. 2021, 125, 5289; [4] J. M. Bakker et. al., J. Mol. Spetrosc. 2021, 378,

111472; [5] L. G. Parke et. al., J. Phys. Chem. 2007, 111, 17773; [6] E. Sicilia et.
al., Phys. Chem. Chem. Phys. 2017, 19, 16178

MO 8.4 Tue 17:00 Tent C
Dynamics of the oxygen atom transfer reaction between Ta+/Nb+ and car-
bon dioxide — ∙Marcel Meta1, Maximilian E. Huber1, Maurice Birk1,
Tim Michaelsen2, Atilay Ayasli2, Milan Ončàk2, Roland Wester2, and
JenniferMeyer1 — 1Fachbereich Chemie and ForschungszentrumOPTIMAS,
RPTU Kaiserslautern-Landau, Kaiserslautern, Germany — 2Institut fur Ionen-
physik und Angewandte Physik, Universität Innsbruck, Innsbruck, Austria
The four atom reaction M+ + CO2 presents a benchmark system for CO2 acti-
vation in the gas phase and has been investigated throughout the last decades
with different methods and along the periodic table. Recent crossed beam ex-
periments on the reaction dynamics of the oxygen atom transfer (OAT) reaction
between Ta+ + CO2 → TaO+ + CO showed dominantly indirect dynamics de-
spite the thermal rates being close to collision rate and the reaction being highly
exothermic.[1] Here, we compare the dynamics of the OAT reaction for the tan-
talum cation Ta+ and its lighter homologue niobium Nb+ as a means to alter
spin-orbit coupling. The main focus is to gain insight into the nature of the
bottle-neck for Ta+ + CO2: If it is a submerged transition state or a crossing
point between the quintet and triplet surfaces. Ultimately, a multi-method ap-
proach of experiment and theoretical modelling is used to better assign a nature
to the bottleneck.
[1] M. Meta, M. E. Huber, T. Michaelsen, A. Ayasli, M. Ončàk, R. Wester, J.
Meyer, J. Phys. Chem. Lett. 24, 5524 (2023)

MO 8.5 Tue 17:00 Tent C
Setup for improved resolution in ion-molecule crossed beam imaging —
∙Jerin Judy, Dasarath Swaraj, Tim Michaelsen, Fabio Zappa, Robert
Wild, and Roland Wester — Institut für Ionenphysik und Angewandte
Physik, Universität Innsbruck, Innsbruck, Austria.
Crossed-beam experiments have proven to be a powerful tool for investigating
reaction dynamics in the gas-phase [1]. Our group specializes in the study of
ion-molecule reactions in combination with a velocitymap imaging (VMI) spec-
trometer to record energy and angle dependent differential cross-sections [2].
Currently we focus on reactions involving laser ionized hydrogenmolecules with
argon using a newly commissioned crossed-beam experiment, where our aim
is to resolve the different vibrational levels in the molecular products. We will
present preliminary results on this system and describe the new experimental
setup.

[1] N. Balucani et al., Int.Rev. Phys. Chem. 25, 109 (2006).
[2] R. Wester, Phys. Chem. Chem. Phys. 16, 396 (2014).

MO 8.6 Tue 17:00 Tent C
Auger spectrumof the ultra-fast dissociating 2p−13/2σ

∗ resonance inHCl in the
semi-classical one-center approximation — ∙Mateja Hrast1,2 and Matjaž
Žitnik1,3 — 1Jozef Stefan Institute, Ljubljana, Slovenia — 2Institute of Science
and Technology Austria (ISTA), Klosterneuburg, Austria — 3Faculty of Mathe-
matics and Physics, University of Ljubljana, Slovenia
We present an ab-initio theoretical L-VV resonant Auger spectrum of the ul-
trafast dissociating 2p−13/2σ

∗ resonance in HCl. The decay rates are derived in
one-center approximation and a semi-classical description of dissociation is con-
sidered. The calculated profiles of Auger spectral lines resemble those of atomic
Auger decay but with the characteristic tails extending towards lower electron
kinetic energies. The calculated line asymmetries reflect dissociation dynamics
along the potential energy curve of the initial state and its relative position with
respect to the potential energy curves of the corresponding final states. For some
transitions, the line shape is also strongly affected by the variation of Auger decay
rate with the internuclear distance.
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MO 9: Attosecond Physics II / Interaction with VUV and X-ray light (joint session A/MO)
Time: Wednesday 11:00–13:00 Location: HS 1010
See A 18 for details of this session.

MO 10: Ultracold Molecules (joint session Q/MO)
Time: Wednesday 11:00–13:00 Location: HS 1015
See Q 26 for details of this session.

MO 11: X-ray Spectroscopy
Time: Wednesday 11:00–12:45 Location: HS 3044

MO 11.1 Wed 11:00 HS 3044
Photon-recoil imaging: Nonlinear X-ray physics in molecules — ∙L.
Germeroth1, M. Agåker2, T. Baumann3, R. Boll3, A. De Fanis3, S.
Eisebitt4, M. Génévriez5, V. Kimberg6, H. Lee1, E. Marin-Bujedo5, T.
Mazza3, M. Meyer3, J. Mikosch1, Y. Ovcharenko3, S. Patchkovskii4, D.
Reiser3, J.-E. Rubensson2, J. Söderström2, P. Schmidt3, B. Senfftleben3,
A. Senftleben1, S. Usenko3, and U. Eichmann4 — 1Universität Kassel —
2Uppsala University — 3XFEL Hamburg — 4MBI Berlin — 5UCLouvain —
6KTH Stockholm
Non-linear Raman spectroscopy was originally developed for narrow-band
lasers. It has since become important in the spectroscopy and microscopy of
technological and biological processes. Stimulated Raman scattering with opti-
cal femtosecond lasers is routinely used to excite coherent vibrational and ro-
tational wavepackets. The advance of ultrabright FELs enabled the extension of
non-linear physics to the X-ray domain. Some of us have recently established
photon-recoil imaging as a background-free technique to detect stimulated X-
ray Raman scattering (SXRS) [1]. This process is similar to STIRAP, a form of
state-to-state coherent control well known in the optical domain. Here we ex-
tend the pioneering experiments on Neon atoms to molecules. Near and far-
off resonance SXRS in CO molecules populates efficiently an electronically ex-
cited long-lived metastable final state. Demonstration of far-off resonance SXRS
in molecules opens new possibilities to study site-selective non-linear processes
avoiding spontaneous decays. [1] Eichmann et al., Science 369, 1630 (2020)

MO 11.2 Wed 11:15 HS 3044
Testing the potential energy curves of the H2 B-X system using its Con-
don diffraction bands — ∙Adrian Peter Krone1, Philipp Schmidt2, Jo-
hannes Viehmann1, Niklas Golchert1, Lutz Marder1, Dana Bloss1,
CatmarnaKüstner-Wetekam1, Peter Baumgärtel3, AndreasHans1, and
Arno Ehresmann1 — 1Institut für Physik und CINSaT, Universität Kas-
sel, Heinrich-Plett-Str. 40, 34132 Kassel, Deutschland — 2European XFEL,
Holzkoppel 4, 22869 Schenefeld, Deutschland — 3Helmholtz-Zentrum Berlin,
BESSY II, Abteilung Optik und Strahlrohre, Albert-Einstein-Str. 15, 12489
Berlin, Deutschland
The H2 B-X system is investigated using its Condon diffraction bands in or-
der to test for a shift between the independently calculated electronic potential
energy curves of the B and X electronic states. The Condon diffraction bands
for the rovibronic states B ( = 8, 9, . . . , 13, J = 0) are calculated from lit-
erature potentials, to which internuclear distance shifts are applied. Data from
a first measurement of the H2 photon-excitation photon-emission map is ana-
lyzed and compatible with the unmodified literature potentials. Planned future
measurements will significantly improve the accuracy and uncertainty.

MO 11.3 Wed 11:30 HS 3044
X-ray absorption ofCF4 driven by x-ray free-electron laser— ∙Rui Jin1, Adam
Fouda2, Alexander Magunia1, Marc Rebholz1, Alberto De Fanis3, Kai
Li2, GillesDoumy2, Jan-ErikRubensson4, MariaNovella Piancastelli5,
Marc Simon5, Thomas Baumann3, Michael Straub1, Sergey Usenko3,
YevheniyOvcharenko3, TommassoMazza3, NinaRohringer6,7, Michael
Meyer3, Linda Young2,8, ChristianOtt1, and Thomas Pfeifer1 — 1MPIK,
Heidelberg— 2ArgonneNational Laboratory, USA— 3EuropeanXFEL, Schene-
feld — 4Uppsala University, Sweden — 5Sorbonne Universités, Paris — 6DESY,
Hamburg — 7Universität Hamburg — 8University of Chicago, USA
X-ray absorption spectroscopy (XAS) is widely used to study atomic andmolecu-
lar structure and dynamics, especially at the core level. X-ray free electron lasers
(XFEL) have introduced coherent, high-brilliance, and ultrashort laser pulses
with tunable energies, thereby enabling the study of multiphoton x-ray matter
interactions. In this work, the EuXFEL is combined with a grating spectrome-
ter for a single-pulse transient absorption study of the intermediate electronic
states arising from multiphoton-induced molecular dynamics in CF4. The cen-
tral photon energy is tuned to initiate dynamics with and without producing

fluorine K-holes. The spectra are measured at different FEL intensities to study
multiphoton effects. Two main findings are: (1) neutral fluorine atoms are ob-
served within the pulse duration (40 fs), and (2) short-livedmolecular fragments
with fluorine 1s-core hole state are observed for high intensities. Precise atomic
and molecular structure calculations as well as semi-classical molecular dynam-
ics are used to interpret the results. Overall, this study demonstrates the potential
of XFEL-driven transient-absorption spectroscopy to study ultrafast multipho-
ton dynamics of molecular systems.

MO 11.4 Wed 11:45 HS 3044
Simulation of X-ray photoelectron spectroscopy in atoms, molecules, and
clusters: Core-electron excitation from ab initio many-body approach —
∙Iskander Mukatayev1, Gabriele D’Avino2,3, Florient Moevus1, Benoît
Sklénard1,4, Valerio Olevano2,3,4, and Jing Li1,4 — 1Université Grenoble
Alpes, CEA, Leti, F-38000, Grenoble, France — 2Université Grenoble Alpes, F-
38000 Grenoble, France — 3CNRS, Institut Néel, F-38042 Grenoble, France —
4European Theoretical Spectroscopy Facility (ETSF)
X-ray photoelectron spectroscopy (XPS) technique, measuring directly core-
electrons binding energies (BEs), provides information about electronic struc-
ture, chemical bonding, and stoichiometry for molecules/solids. This work
presents the benchmark study of core electrons BEs in noble gas atoms be-
tween theories, including density functional theory (DFT), Hartree-Fock (HF)
andmany-body theory perturbation theory (GWapproach) against experiments
first, pointing out significant improvement of computed BEs from HF/DFT to
GW. Furthermore, XPS of noble gas clusters with 3000 atoms were studied with
embedded many-body theory to estimate the environmental polarization effect
on relative BEs (chemical shifts). An analytical formula derived from classi-
cal electrostatics accurately describes these polarization effects, aligning well
with experimental XPS for noble gas clusters. Finally, by investigating the core-
electron excitation in carbon 1s among various molecules, we found that the
main contribution to chemical shift comes from classical electrostatic interac-
tion and is one order of magnitude larger than the correlation effects.

MO 11.5 Wed 12:00 HS 3044
Soft X-Ray-induced Dimerization of Methane — ∙Simon Reinwardt1,
Ivan Baev1, Patrick Cieslik1, Karolin Baev2, Ticia Buhr3, Alexander
Perry-Sassmannshausen3, Stefan Schippers3, Alfred Müller3, Florian
Trinter4, Jens Viefhaus5, and Michael Martins1 — 1Universität Ham-
burg, Hamburg, Deutschland — 2Deutsches Elektronen-Synchrotron, Ham-
burg, Deutschland — 3Justus-Liebig-Universität Gießen, Gießen, Deutschland
— 4Fritz-Haber-Institut, Berlin, Deutschland — 5Helmholtz-Zentrum Berlin
für Material und Energie, Berlin, Deutschland
Carbon 1s photo excitation of methane, CH4 and subsequent multimerization
in CH4 gas has been studied using the PIPE ion-trap setup [1] at PETRA III of
DESY. Photoions resulting from the decay of the 1s vacancy are stored within
the ion trap so that they can undergo reactions with the surrounding neutral
methane molecules. The experimental results clearly show that the initial pho-
toionization event leads to the formation of reaction products with up to three
carbon atoms [2]. Accordingly, such addition reactions can play an important
role in the formation of larger molecular ions in planetary ionospheres. A better
understanding of photoinduced reactions forming larger molecules is essential
for understanding the chemistry and chemical composition of atmospheres such
as those of exoplanets, whose investigation is plannedwith celestial observatories
like the James Webb Space Telescope.

[1] S. Reinwardt et al., Rev. Sci. Instrum. 94, 023201 (2023).
[2] S. Reinwardt et al., Astrophys. J. 952, 39 (2023).
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MO 11.6 Wed 12:15 HS 3044
Multi-electron emission from irradiated iodide anion in solution— ∙Yusaku
Terao, Dana Bloss, Gabriel Klassen, Johannes Viehmann, Adrian
Krone, NiklasGolchert, Arno Ehresmann, and AndreasHans— Institut
für Physik und Center for Interdisciplinary Nanostructure Science and Technol-
ogy (CINSaT), Universität Kassel, Heinrich-Plett-Strße 40, 34132 Kassel
Radiation effects in solvated matter is of great interests, since many aspects of
them are still poorly understood and better knowledge can be beneficial for ra-
diation protection and radiation therapy. Recently, interatomic/intermolecular
processes, that transfer deposited excess energy or charge from the initially ion-
ized size to so surrounding water molecules, were newly discovered. Some of
these mechanisms have been experimentally observed in our group for the de-
cay of the ionizedMg dication in aqueous solution bymulti-electron coincidence
spectroscopy. Here, we focused on iodide anion in solution, which has a large
photoionization cross-section at its 3d ionization region and decays by multiple
auger steps, competitors to interatomic/intermolecular processes. For a better
understanding of complex decay processes of irradiated atoms and molecules in
solution, multi-electron emission from iodide anion in aqueous solution by ion-
izing 3d iodide electronswas studied by combining the liquidmicro jet technique
and multi-electron coincidence spectroscopy.

MO 11.7 Wed 12:30 HS 3044
Solvated pyrimidine molecules as donor or acceptor of X-ray induced in-
termolecular energy transfer — ∙Dana Bloss1, Florian Trinter2,3, Niko-
lai V. Kryzhevoi4, Alexander Kuleff4, Lorenz S. Cederbaum4, Arno
Ehresmann1, and Andreas Hans1 — 1Institute of Physics and Center for
Interdisciplinary Nanostructure Science and Technology (CINSaT), University
of Kassel, Heinrich-Plett-Straße 40, 34132 Kassel, Germany — 2Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195 Berlin, Germany
— 3Institut für Kernphysik, Goethe- University, Max-von-Laue-Str. 1, 60438
Frankfurt am Main, Germany — 4Institute of Physical Chemistry, University of
Heidelberg, Im Neuenheimer Feld 229, 69120 Heidelberg, Germany
We investigated the effect of the presence of an aqueous environment for small
bio-relevant organic molecules after their exposure to X-ray irradiation in a
photoelectron-ion-ion coincidence experiment performed at the P04 beamline
of PETRA III. In the decay of electronic inner-shell vacancies located in the sol-
vated pyrimidine itself or in the water environment of the molecule we found
evidence for intermolecular energy transfer in both directions. These processes
can protect the molecule from reaching dicationic states via Auger decay and
their inevitable fragmentation. The observations are compared with the results
of theoretical calculations for a deeper understanding of the occurring effects.

MO 12: Members’ Assembly
Time: Wednesday 13:00–14:00 Location: HS 3044
All members of the Molecular Physics Division are invited to participate.

MO 13: Interaction with Strong or Short Laser Pulses II (joint session A/MO)
Time: Wednesday 14:30–16:30 Location: HS 1010
See A 21 for details of this session.

MO 14: Atomic Clusters (joint session A/MO)
Time: Wednesday 14:30–16:30 Location: HS 1015
See A 23 for details of this session.

MO 15: Spectroscopy of Metal Clusters
Time: Wednesday 14:30–16:30 Location: HS 3042

Invited Talk MO 15.1 Wed 14:30 HS 3042
Metal Cluster opportunities — ∙Gereon Niedner-Schatteburg — Fach-
bereich Chemie, RPTU Kaiserslautern-Landau
Isolated Main group Metal Clusters (MMC) and those of Transition Metals
(TMC), both provide for unique physical properties and chemical activities
which are neither found in single atoms nor in bulk metals. Variation of cluster
sizes provide for a scalable tuning of these properties, with some cluster size and
shape related non scalable exceptions superimposed. Empirical scaling laws of-
ten find a descriptive interpretation while the non scalable exceptions receive or
await support by explicit quantum chemical modelling. It is a major prevailing
challenge to record and to describe appropriately TMCs electronics and their
spin couplings. Upon deposition onto strongly interacting surfaces the prop-
erties of MMCs and TMCs may change significantly, and much less by weakly
interacting surfaces.

The presentation reviews and exemplifies some of these aspects in comple-
ment to the prior Symposium on the Spectroscopy of Metal Clusters (SYMC). It
concludes with a short outline of likely applications and limitations.

MO 15.2 Wed 15:00 HS 3042
Ultrafast Dynamics of Mass-selected Neutral Cerium Clusters Probed by
Femtosecond NeNePo Spectroscopy — Max Grellmann1, Nikita Kavka2,
∙Jiaye Jin1, Roland Mitrić2, and Knut R. Asmis1 — 1Wilhelm-Ostwald-
Institut für Physikalische und Theoretische Chemie, Universität Leipzig —
2Institut für Physikalische und Theoretische Chemie, Universität Würzburg,
Germany
Cerium clusters have unique physical properties, making them a subject of cur-
rent research. The studies on sizes-selected clusters isolated in the gas phase
provides information on the inherent cluster properties in the absence of a per-
turbing environment. Here, we report our results on electronic-state-selected
vibrational wave-packet dynamics for the mass-selected neutral cerium clus-
ters (Ce2−4) in a cryogenic ion trap probed by two-color femtosecond pump-

probe spectroscopy involving the negative-neutral-positive excitation scheme
(fs-NeNePo). High-level CASSCF calculations and quantum dynamic simula-
tions are performed to disentangle the observed oscillatory nuclear wave-packet
dynamics on the dense potential energy surface (PES) for the neutral Ce2, which
arises mainly from two electronic states containing superconfigurations in Π
symmetry. Both of the fs-NeNePo spectra for Ce3 and Ce4 show coherent vibra-
tional wave-packet dynamics that decay rapidly within 2 picoseconds, suggest-
ing the presence of crossed PESs. These valuable results demonstrate complex
electronic and vibrational structures of neutral cerium clusters and the poten-
tial of fs-NeNePo to study femtosecond dynamics of mass-selected, neutral and
tag-free lanthanide clusters with high density of states.

MO 15.3 Wed 15:15 HS 3042
Magnetic nanodoping: cobalt doped silver clusters — ∙V. Zamudio-Bayer1,
K. Hirsch1, L. Ma2, K. De Knijf3, X. Xu4, A. Ławicki1, A. Terasaki5, P.
Ferrari3, B. von Issendorff6, P. Lievens3, W.A. de Heer7, J.T. Lau1,6, and
E. Janssens3 — 1HZB, DEU — 2TCNN, CHN — 3KU Leuven, BEL — 4UNL,
USA — 5Kyushu U., JPN — 6U. Freiburg, DEU— 7Georgia Tech, USA
The magnetic properties of neutral and charged silver metal clusters with a mag-
netic cobalt atom impurity were investigated experimentally by exploiting the
complementary methods of Stern-Gerlach cluster beam deflection and XMCD
action spectroscopy and are accompanied by DFT calculations and charge trans-
fermultiplet simulations [Phys. Rev. Research 5, 033103 (2023)]. The influence of
the number of valence electrons and the consequences of impurity encapsulation
were addressed in free size-selected, singly cobalt-doped silver clusters CoAg0,+n
(n = 2–15). Encapsulation of the dopant facilitates the formation of delocal-
ized electronic shells with complete hybridization of the impurity 3d- and the
host 5s-derived orbitals, which results in impurity valence electron delocaliza-
tion, effective spin relaxation, and a low-spin ground state. Doped clusters with
more than nine silver atoms are low-spin systems independent of their charge
state, coincident with the increase in stability and decrease in reactivity of endo-
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hedrally doped silver clusters. In the exohedral cluster size range, spin pairing in
the free electron gas formed by the silver 5s electrons is the dominating driving
force determining the local 3d occupation of the impurity and thus the cluster’s
spin multiplicity.

MO 15.4 Wed 15:30 HS 3042
Electronic structure of reactive transition metal-oxygen cations — ∙Mayara
da Silva Santos1,2, RobertMedel3, SimonKruse2,4, Max Flach1,2, Olesya
S. Ablyasova1,2, Martin Timm2, Bernd von Issendorff1, Konstantin
Hirsch2, VicenteZamudio-Bayer2, Tony Stüker3, SebastianRiedel3, and
Tobias Lau1,2 — 1Universität Freiburg, Freiburg, Germany — 2Helmholtz-
Zentrum Berlin, Berlin, Germany — 3Freie Universität Berlin, Berlin, Germany
— 4Humboldt-Universität zu Berlin, Berlin, Germany
Discovering compounds that present transition metals with unusual oxidation
states or reactive oxygen species (superoxide, peroxide and oxygen-centered rad-
ical) is of great scientific and technological interests, as they have key applications
as oxidizing agents, catalysts, or reaction intermediates. Here, we use X-ray ab-
sorption spectroscopy (XAS) at the oxygen K and metal M3 or N3 edges of gas-
phase [MOn]

+ systems (M = transition metal, n = integer), in their ground state,
to identify the spectroscopic signatures of oxygen ligands and assign the oxida-
tion state of the metal.[1,2] Experiments were performed at the cryogenic ion
trap endstation at the beamline UE52-PGM at the Berlin synchrotron radiation
facility BESSY II.[3] The highly oxidized and reactive [RhVIIO3]

+, [RuVII IO4]
∙+

and [ReVIIO4]
∙∙+ are here investigated via XAS for the first time. References: [1]

M. da S. Santos, et al., Angew. Chem. Int. Ed. 61, e202207688 (2022); [2] M. da
S. Santos, et al., ChemPhysChem 24, e202300390 (2023); [3] K. Hirsch, et al., J.
Phys. B: At., Mol. Opt. Phys. 42, 154029 (2009).

MO 15.5 Wed 15:45 HS 3042
Electronic state of a dioxidomanganese(V) and bis(mu-oxo) di-manganese
oxide cluster revealed by XAS and XMCD — ∙O.S. Ablyasova1,2, E.B.
Boydas3, M. Ugandi3, V. Zamudio-Bayer1, K. Hirsch1, M. Flach1,2, M. da
Silva Santos1,2, M. Timm1, B. von Issendorff2, M. Römelt3, and J.T. Lau1,2

— 1HZB, Albert-Einstein-Straße 15, 12489 Berlin, Germany; — 2Universität
Freiburg, Hermann-Herder-Straße 3, 79104 Freiburg, Germany — 3Humboldt
Universität, Brook-Taylor-Straße 2, 12489 Berlin, Germany
The CaMn4O5 cluster’s electronic structure plays a crucial role in understanding
dioxygen formation in the Kok cycle. The S4 state, responsible for O2 formation,
is difficult to observe because of the millisecond time scale of the transition. Two
main models for the S4 state feature different oxidation states of +4 and +5 of the
manganese atom at the reaction site. We report on the characterization of cold
cationic gas-phasemanganese oxide complexes via XAS and XMCD.We identify
oxidation and spin states by comparison with reference spectra of manganese
compounds with known oxidation states, accompanied by multireference and
density functional theory calculations. We demonstrate that cationic Mn(V)O+

2
is only the second manganese oxo complex to exist in a high-spin state. Our
most important result is the identification of a Mn2O

+
3 species with Mn(V) in a

high-spin state. This is the first observation of the elusive Mn(V) high-spin state
in a polymanganese oxido complex, which may have implications for the future
study of CaMn4O5 complex structure.

MO 15.6 Wed 16:00 HS 3042
The highest oxidation states of iridium probed by soft x-ray absorption spec-
troscopy — ∙Joao P. M. de Arcanto1, M. da Silva Santos1,2, V. Zamudio-
Bayer1, S. Kruse1,3, M. Timm1, M. Flach1,2, O. S. Ablyasova1,2, K. Hirsch1,
R. Medel4, S. Riedel4, and J. T. Lau1,2 — 1HZB, Berlin, Germany —
2Universität Freiburg, Germany — 3HU, Berlin, Germany — 4FU, Berlin, Ger-
many
Iridium stands out prominently in the pursuit of higher oxidation states (OS).
Recently, a combined theoretical and experimental effort has confirmed the ex-
istence of Ir in the OS +VII, +VIII, and the highest known OS for an element,
+IX with 5d2 , 5d1 and 5d0 local electron configuration, but only a few com-
pounds are known [1]. Utilizing the potential of the Ion Trap endstation at the
beamline UE52-PGM of the BESSY II synchrotron radiation facility, our group
has successfully generated a series of cationic iridium oxides [IrOn]

+ (n = 0-4)
in the gas phase using a magnetron sputtering source. Employing a mass fil-
ter, Ir species of interest are selected and cooled in an ion trap. We performed
X-ray absorption spectroscopy at the iridium N3-edge allowing to study the 5d
derived valence states as well as the oxygen K-edge, facilitating a comparative
analysis across the series of iridium-oxo species [2]. [1] Wang et al., Nature 514,
475 (2014) [2] Da Silva Santos et al., Angew. Chem., 61, no. 38, e202207688,
2022

MO 15.7 Wed 16:15 HS 3042
Metal cluster mediated N2 activation and cleavage — ∙Gereon Niedner-
Schatteburg — Dept. of Chemistry and State Research Center OPTIMAS,
RPTU Kaiserslautern-Landau, 67663 Kaisers-lautern
Transition metal clusters (TMC) serve a model systems for chemically active
surfaces as e.g. of catalytically active nano particles. Size selected TMCs were
characterized before to activate and cleave Dinitrogen (N2) spontaneously and
under isothermal cryo conditions [1,2,3]. Here, we report on the current state
of understanding and on new findings which elaborate the influence of cluster
charge state, and which elaborate on cooperative effects amongst multipe adsor-
bate molecules on the surface of clusters. We discuss the vailidity of the across-
edge above-surface (AEAS)mechanism ofN2 cleavage, and we report on current
insights of the underlying interactions. Eventually, we show some results on Di-
hydrogen (H2) activation, and we give reference to initial experiments on N2 -
H2 coadsorption [4].

The presentation concludes with an outline of the current and future experi-
mental schedule of TMC investigation in progress.

[1] https://doi.org/10.1039/D0CP06208A
[2] https://doi.org/10.1063/5.0157217
[3] https://doi.org/10.1063/5.0157218
[4] http://dx.doi.org/10.1021/acs.jpclett.8b00093

MO 16: Ultrafast Dynamics I
Time: Wednesday 14:30–16:30 Location: HS 3044

MO 16.1 Wed 14:30 HS 3044
Imaging thermal-energy chemical dynamics of solvated (bio)molecular com-
plex system — ∙Mukhtar Singh1,2,3, Matthew Scott Robinson1,2,3, Hu-
bertus Bromberger1,2, Sebastian Trippel1,2, and Jochen Küpper1,2,3
— 1Center for Free-Electron Laser Science CFEL, Deutsches Elektronen-
Synchrotron DESY, Hamburg — 2Center for Ultrafast Imaging, Universität
Hamburg — 3Department of Physics, Universität Hamburg
We present the imaging of ultrafast thermal-energy-induced chemical dynam-
ics of a micro-solvated (bio) molecular complex probed with a time-dependent
strong field ionization, and ion mass spectroscopy [1]. We produce a pure gas-
phase indole-water sample using a combination of a cold molecular beam and
the electrostatic deflector [2]. By employing a mid-IR pump to excite a single
vibrational mode [3], the resulting thermal-energy chemical dynamics between
the indole and water moieties were investigated. The dissociation of the micro-
solvated system was monitored using strong-field multi-photon ionization by
1.3 μm wavelength light from a femtosecond pulsed laser, tracking the time-
dependent ion signals of the indole-water cluster as well as the individual indole
and water ionic products.

[1] J Onvlee, et al., Nat Commun. 13, 7462 (2022)
[2] S. Trippel, et al., Rev. Sci. Instrum. 89, 096110 (2018)
[3] M.S. Robinson, et al., Phys. Chem. Chem. Phys. (2023)

MO 16.2 Wed 14:45 HS 3044
Probing ultrafast nonadiabatic dynamics of NO2 with time-resolved X-ray
absorption spectroscopy at N K-edge — ∙Lorenzo Restaino1, Zhuan-Yang
Zhang2, Michael Coates1, Michael Odelius1, Markus Kowalewski1,
Erik T. J. Nibbering2, and Arnaud Rouzé2 — 1Stockholm University, Al-
baNova University Center, SE-106 91 Stockholm, Sweden — 2Max-Born-
Institute, Max-Born-Str. 2A, 12489 Berlin, Germany
Time-resolved X-ray absorption spectroscopy (tr-XAS) is a chemically sensitive
method well-suited for investigating the intricate behavior of electronically ex-
cited molecules. We employed tr-XAS to explore the ultrafast nonadiabatic pro-
cesses occurring at the conical intersection (CI) between the electronic ground
and first excited state of nitrogen dioxide. Despite the success of the experimen-
tal tr-XAS spectrum in revealing photodissociation, its capacity to capture the
CI dynamics was hindered by the restricted temporal resolution of the 60 fs UV
pump pulse. To overcome this constraint, we performed high-level quantum
dynamics simulations with a shorter pump pulse, allowing us to access the com-
plex nonadiabatic relaxation events. In our study, an 8-fs UV pump pulse at 400
nm excited the system from the ground state, followed by a 1-fs Gaussian probe
pulse at the nitrogen K-edge to probe the core-hole states. By using this tem-
porally resolved pump, we were able to map the system’s passage through the
conical intersection, identified through a spectral signature indicative of wave
packet bifurcation. Consequently, we achieved a detailed tracing of the NO+O
dissociation process.
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MO 16.3 Wed 15:00 HS 3044
Investigating the Ultrafast Molecular Relaxation of 4-Thiouracil Using
Time-Resolved X-Ray Photoelectron Spectroscopy — ∙Dennis Mayer1,
David Picconi2, Matteo Bonanomi3,4, Miltcho Danailov5, Alexander
Demidovich5, Michele Devetta4, Michele di Fraia5, Davide Facciala4,
Raimund Feifel6, Cesare Grazioli7, Fabiano Lever1, Nitsh Pal8, Vasilis
Petropoulos3, Kevin Prince5, Oksana Plekan5, Richard Squibb6, Cate-
rina Vozzi4, Giulio Cerullo3,4, and Markus Gühr1,9 — 1DESY, Hamburg,
Germany — 2University of Groningen, The Netherlands — 3Politecnico di Mi-
lano, Italy — 4CNR-IFN, Milan, Italy — 5Elettra-Sincrotrone Trieste, Italy —
6University of Gothenburg, Sweden — 7CNR-IOM, Trieste, Italy — 8Heriot-
Watt University, Edinburgh, UK — 9University of Hamburg, Germany
Recent experiments on 4-thiouracil observed different time constants for the
UV-induced relaxation into its triplet state that go beyond the difference be-
tween experiments in the gas and solution phase [1,2]. Utilizing the element-
and site-selectivity of x-rays, we studied the relaxation process 4-thiouracil us-
ing gas-phase time-resolved x-ray photoelectron spectroscopy (XPS) at the free-
electron laser FERMI. Lifetimes of the chemical shifts at the S 2p edge support
previous gas-phase experiments [1]. In comparison to its isomer 2-thiouracil
[3], the molecule shows an additional excited-state spectral feature.

[1] Chem. Phys. 515, 572 (2018); [2] J. Am. Chem. Soc. 140, 16087-16093
(2018); [3] Nat. Comm. 13, 198 (2022)

MO 16.4 Wed 15:15 HS 3044
Investigating the ultrafast dynamics of photoexcited azobenzene with an x-
ray free electron laser— ∙Fabiano Lever1, DennisMayer1, AtiaTulNoor1,
Gesa Goetzke1, Julius Schwarz2, Michael Martins2, Rebecca Ingle3,
StefanDuesterer1, Steffen Palutke1, TaranDexterCyrusDriver4, Ul-
rike Fruehling1, and Markus Gühr1 — 1DESY, Hamburg, DE— 2Hamburg
Universität, DE — 3UCL, London, UK — 4SLAC, Menlo Park, USA
Ultraviolet excitation triggers a light-induced isomerization reaction in the
molecular switch azobenzene, changing its geometry from the trans ground state
into the cis isomer. This work presents results from an ultrafast UV pump / soft
x-ray probe experiment at the Free-Electron Laser FLASH. The electronic state
dynamics of photoexcited azobenzene is probed with time-resolved x-ray ab-
sorption and photoelectron spectroscopy. In both observables, we measure dy-
namical features on a sub-picosecond scale. Comparing the experimental results
to theoretical calculations for both datasets, we identify the ultrafast relaxation
of the initially photoexcited S2 (ππ*) to lower states.

MO 16.5 Wed 15:30 HS 3044
Capturing ultrafast dynamics of bio-relevant molecules combining
few-femtosecond UV pulses with electrospray ionization — ∙Sergey
Ryabchuk1,2, Aarathi Nair1, Josina Hahne1,2, Laura Pille3, Juliette
Leroux3,4, NicolasVelasquez5, BartOostenrijk1, Erik P. Månsson6, Lu-
cas Schwob3, Vincent Wanie6, Sadia Bari7, and Francesca Calegari1,2,6
— 1The Hamburg Centre for Ultrafast Imaging, Hamburg, Germany —
2Universität Hamburg, Hamburg, Germany — 3DESY, Hamburg, Germany —
4Université de Caen Normandie, Caen, France — 5Sorbonne Université, Paris,
France— 6CFEL, Hamburg, Germany— 7University of Groningen, Groningen,
The Netherlands
Ultraviolet (UV) light exposure induces various important chemical and biolog-
ical processes in nature [1]. Electrospray ionization (ESI) technique [2] allows
to bring intact large and fragile biorelevant molecules into the gas phase which
is not feasible by other conventional methods. Time-resolved experiments have
been recently developed to study the dynamics of such molecules following UV
excitation by combining ESI devices with sources of ultrashort laser pulses [3].
However, the time resolution of these studies was limited by 80 fs UV pulses.

The present study involves the merging of an ESI source and an all-in-vacuum
beamline, delivering few-fs UV pulses with few-cycle NIR pulses in a pump-
probe scheme. This sophisticated experimental setup allows us to track the
UV-induced dynamics and non-adiabatic processes in complex systems such as
cobalt protoporphyrin IX and deprotonated nucleotides with an unprecedented
temporal resolution.

MO 16.6 Wed 15:45 HS 3044
Excited state dynamics of BN-9,10-naphthalene: The impact of replacing
CC by BN — ∙Floriane Sturm, Michael Bühler, Christoph Stapper, Jo-
hannes Schneider, Holger Helten, Ingo Fischer, and Merle Röhr —
Julius-Maximilians-Universität Würzburg

Substituting CC by BN units is an excellent means to modify the optoelectronic
properties of PAHs.1-3 In our research, the excited state spectroscopy and dy-
namics of BN-9,10-naphthalene were studied by picosecond time-resolved pho-
toionization in a supersonic jet. AREMPI spectrum reveals the S1 origin at 33841
cm−1, which is in very good agreement with theory. Several vibrational bands
were resolved and assigned by comparison with computations. A [1+1] pho-
toelectron spectrum via the S1 origin yielded an adiabatic ionization energy of
8.27 eV. Selected vibrational bands were investigated by pump-probe photoion-
ization. While the origin as well as several low-lying vibronic states exhibit life-
times in the ns-range, a monoexponential decay is observed at higher excitation
energies, ranging from 400 ps, at +1710 cm−1 to 13 ps at +3360 cm−1. Based
on quantum chemical calculations, the deactivation is attributed to a conical in-
tersection to the ground state. In order to access it, an energy barrier has to be
passed, which requires sufficient excess energy.
[1] M. J. D. Bosdet, W. E. Piers, Can. J. Chem., 87, 8-29 (2009).
[2] H. L. van de Wouw, R. S. Klausen, J. Org. Chem., 84, 1117-1125 (2019).
[3] Z. Liu, T. B. Marder, Angew. Chem. Int. Ed., 47, 242-244 (2008).

MO 16.7 Wed 16:00 HS 3044
Non-adiabatic electronic relaxation of tetracene studied by time-
resolved photoelectron spectroscopy — ∙Sebastian Hartweg1, Au-
drey Scognamiglio1, Karin S. Thalmann1, Nicolas Rendler1, Aaron
Ngai1, Lukas Bruder1, Pedro B. Coto2, Michael Thoss1, and Frank
Stienkemeier1 — 1Institute of Physics, University of Freiburg, Germany —
2Materials Physics Center, Spanish National Research Council, Donostia-San
Sebastian, Spain
Polycyclic aromatic hydrocarbons are assumed to be important sources of car-
bon in the interstellar medium. Additionally, some of these species, especially
the acenes consisting of linearly-fused benzene units, are promising candidates
for organic semiconductor applications. These applications motivate the funda-
mental study of the ultrafast excitation dynamics of the acenes and their aggre-
gates to provide a fundamental understanding of the underlying processes and
energetics.

I will present a femtosecond time-resolved photoelectron spectroscopy study
of tetracene molecules supported by high-level ab initio calculations, revealing
the ultrafast non-adiabatic dynamics following the excitation to a bright state in
the UV range. The stepwise relaxation via an intermediate dark state to a low
lying electronic excited state is accompanied by nuclear motion imprinted in the
photoelectron spectra by the time-dependent Franck-Condon factors of the de-
layed photoionization step.

MO 16.8 Wed 16:15 HS 3044
Residue Size Dependency of the Geminate Recombination Dynamics of the
Biologically Relevant Disulfide Moiety after UV-cleavage investigated by
TRXAS — ∙Jessica Harich — Institute of Nanostructure and Solid State
Physics, University ofHamburg andCenter for Free-Electron Laser Science, Ger-
many
The tertiary structure of proteins is stabilized by disulfide bonds formed from
two spatially adjacent L-cysteinyl residues. These disulfide bridges are prone to
UV radiation damage with potentially adverse effects. We employ time resolved
X-ray absorption spectroscopy (TRXAS) to observe the UV photochemistry of
the natural amino acid dimer L-cystine and the tripeptide Glutathione disulfide
in aqueous solution to understand the photochemistry under physiological con-
ditions. Furthermore, we have first exciting insights into theUV-photochemistry
of the disulfide bridges within the protein hen egg white Lysozyme.

We find that upon UV irradiation, apliphatic disulfides immediately undergo
S-S bond cleavage, leading to the formation of two identical thiyl radicals, fol-
lowed by fast geminate recombination indicating a very effective recombination
process for thiyl radicals to the ground state. This process is only possible in
condensed phases and its speed increases with chain length. Our results show
that L-cystine already captures the essence of the ultrafast photochemistry of the
disulfide bridge, but that the size of the residue adjacent to the disulfide bonds
has a strong influence on the immediate recombination dynamics of the photo-
products.
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MO 17: Poster: Cold Molecules
Time: Wednesday 17:00–19:00 Location: Tent C

MO 17.1 Wed 17:00 Tent C
Photoassociation Spectroscopy of RbYb near the Yb intercombination line
— Christian Sillus1, ∙Arne Kallweit2, and Axel Görlitz3 — 1Heinrich-
Heine-Universität Düsseldorf — 2Heinrich-Heine-Universität Düsseldorf —
3Heinrich-Heine-Universität Düsseldorf
Ultracold dipolar molecules constitute a promising system for the investigation
of topics like ultracold chemistry, novel interactions in quantum gases, precision
measurements and quantum information.

Here we report on experiments in our apparatus for the production of ultra-
cold RbYb molecules. This setup constitutes an improvement of our old appara-
tus with the new approach of using the intercombination line of Yb for photoas-
sociation. In the new setup a major goal is the efficient production of ground
state RbYb molecules.

We employ optical tweezers to transport individually cooled samples of Rb
and Yb from their separate production chambers to a dedicated science cham-
ber. Here we start to study interspecies interactions of different isotopes by over-
lapping crossed optical dipole traps. To explore the pathways towards ground
state molecules we start with photoassociation spectroscopy.

MO 17.2 Wed 17:00 Tent C
Collisions in a quantum gas of bosonic 23Na39K molecules — ∙Mara
Meyer zum Alten Borgloh1, Jule Heier1, Philipp Gersema1, Kai Kon-
rad Voges3, Charbel Karam2, Leon Karpa1, Olivier Dulieu2, and Silke
Ospelkaus1 — 1Leibniz Universität Hannover, Institut für Quantenoptik —
2Université Paris-Saclay, CNRS, Laboratoire Aimé Cotton — 3Centre for Cold
Matter, Blackett Laboratory, Imperial College London
We report on our experiments with quantum gases of polar 23Na39K molecules.
We discuss both atom-molecule and molecule-molecule collisions including the
origin of loss processes in a cloud of chemically stable molecules. Furthermore,
we discuss amethod for suppressingmolecular loss using a coherent two-photon
transition to induce a potential barrier that protects the collidingmolecules from
reaching the short range.

MO 17.3 Wed 17:00 Tent C
Towards cooling and thermalisation of trapped polyatomic molecules —
∙Florian Jung, Jindaratsamee Phrompao, and Gerhard Rempe — Max-
Planck-Institut für Quantenoptik, Hans-Kopfermann-Straße 1, 85748 Garching,
Germany
Cold and controlledmolecules offer amyriad of applications ranging from quan-
tum computation to tests of fundamental physics. In particular, polyatomic
molecules are of interest, as they exhibit emergent phenomena such as quasi-
permanent electric dipole moments or chirality. Their applications are benefit-
ing from or are even inconceivable without cooling the molecules to ultracold
temperatures. To this end, increasing the ratio between elastic and inelastic col-
lision rates to allow for collisional thermalisation is an important milestone.
Combining a cryogenic buffer-gas cell with a centrifuge decelerator and an elec-
trostatic trap, trapping molecules for many seconds, we prepared densities of up
to 107cm−3 for CH3F molecules at 350 mK, allowing for observation and con-
trol of losses from inelastic dipolar collisions [1]. We expect that those can be
further suppressed by opto-electrical Sisyphus cooling [2] for which we resort
to the CF3CCH molecule, which seems suitable for this technique and exhibits
a large electric dipole moment. This would pave the way for dense and ultracold
samples of polyatomicmolecules. However, the attractive properties of CF3CCH
come with increased theoretical and experimental complexity, which we present
here alongside preliminary measurements.

[1] M. Koller et al., Phys. Rev. Lett. 128, 203401 (2022).
[2] A. Prehn et al., Phys. Rev. Lett. 116, 063005 (2016).

MO 17.4 Wed 17:00 Tent C
Design of a new apparatus for creating dipolar quantum gases strongly cou-
pled to an optical cavity — ∙Johannes Seifert, Marian Duerbeck, Dalila
Robledo de Basabe, Gerard Meijer, and Giacomo Valtolina — Fritz
Haber Institute of the MPS, Berlin, Germany
We are designing of a new apparatus at the Fritz Haber Institute for studying
dipolar systems of atoms and molecules strongly coupled to an optical cavity.
Light-matter coupling can be used to realize exotic many body phases from the
competition between different types of long-range interactions (dipolar vs light-
mediated) or to control chemical reactions. We report on our efforts to create a
quantum gas of dysprosium atoms in a preliminary version of the apparatus.

MO 17.5 Wed 17:00 Tent C
Measurement of absolute partial and total ionization cross sections of
fluorine-based ozone-damaging molecules — ∙Mevlut Dogan, Deepthy
Thomas Mootheril, Wania Wolff, Hugo Luna, Thomas Pfeifer, and
Alexander Dorn — Max-Planck-Institut für Kernphysik, 69117 Heidelberg,
Germany
Electron impact dissociative ionization of fluorine based molecules is studied.
In existing experiments mostly relative cross sections are obtained due to the
difficult determination of absolute data. We have developed a calibration pro-
cedure to convert the relative cross sections measured into absolute values. Our
experiments were carried out with a Reaction Microscope. A gas mixing de-
vice was implemented to add known quantities of the target gas and a reference
gas with known absolute cross section. Using this setup, we minimized calibra-
tion errors and the absolute cross-sections of fluorine-based ozone-damaging
molecules were measured by electron collision from threshold to the 1keV im-
pact energy range. The ionization cross sections of each fragment ion was mea-
sured on the absolute scale.

It has been suggested that molecules containing the CF3 group may cause
fluorine-catalyzed ozone loss in the Earth stratosphere. For example, since CF3
is stable, it can destroy significant amounts of ozone via catalytic cycles involving
CF3Ox radicals. Important reactions thatmay occur in the stratosphere are given
in the literature (Scientific Assessment of OzoneDepletion, Chapter 2: Hydroflu-
orocarbons, 2022). Our experimental results will be compared with theoretical
and experimental studies in the literature.

MO 17.6 Wed 17:00 Tent C
Towards a Fermi gas of lithium-rubidium molecules — ∙Christine Frank,
Yunxuan Lu, and Xin-Yu Luo — Max Planck Institute of Quantum Optics,
Garching, Germany
I present our progress on building a new setup for producing a Fermi gas of
lithium-rubidium (LiRb)molecules. LiRb, with its large dipolemoment and high
rotational constant, exhibits substantially longer lifetimes and field-linked reso-
nances at lower microwave field strengths than NaK fermionic molecules. These
traits facilitate studying the rich phase diagram of a molecular Fermi gas near
a field-linked resonance, ranging from a p-wave superfluid of spin-polarized
dimers to a Bose-Einstein condensate (BEC) of dipolar tetramers. Our compact
vacuum setup comprises two sequential 2D magneto-optical traps and a science
cell housing the dual-species 3D. We aim to create 10^6 degenerate LiRb Fesh-
bach molecules in an optically levitated box potential, crucial for reaching tem-
peratures below the critical temperature of tetramer BEC formation. To boost
the Li flux in our compact arrangement, we’re integrating a Zeeman slowing
laser beam into the Li 2D MOT, counter-propagating to the atomic trajectories
from the oven. Our simulation suggests a sixtyfold increase in Li atom flux,
promising a good starting point for producing a large double-degenerate Bose-
Fermi atomic mixture and subsequently a deeply degenerate Fermi gas of LiRb
molecules.

MO 17.7 Wed 17:00 Tent C
Microwave spectroscopy of cold CH3F molecules in a microstructured
electrostatic trap — ∙Jindaratsamee Phrompao, Florian Jung, Manuel
Koller, Martin Zeppenfeld, Isabel Rabey, and Gerhard Rempe — Max-
Planck-Institut für Quantenoptik, Hans-Kopfermann-Straße 1, 85748 Garching,
Germany
Polar molecules exhibit strong interaction with an external electric field as well
as long-range and anisotropic interaction between themselves. These offer fas-
cinating research opportunities ranging from quantum chemistry to quantum
computation. Motivated by these, cooling techniques are improving rapidly to
prepare cold and ultracold molecular ensembles. To perform the cooling, infor-
mation about the rotational state distribution and trapping fields is crucial for
theoretical and practical considerations, addressability and controllability of the
molecules.

In our experiment [1], we employ state-selective depletion by using only
microwaves to determine the rotational M-substate population of cold CH3F
molecules in an electrostatic trap [2]. The used trap provides a strongly-peaked
and narrow electric-field distribution. While driving one transition resonantly
on the peak of the distribution, other transitions can be driven resonantly in
higher or lower fields in the wings of the distribution. This renders direct obser-
vation of the electric-field distribution difficult. However, by choosing a suitable
transition measurement of the distribution via depletion dynamics seems possi-
ble. Preliminary data are presented on the poster.

[1] M. Koller et al., Phys. Rev. Lett. 128, 203401 (2022).
[2] B. G. U. Englert et al., Phys. Rev. Lett. 107, 263003 (2011).
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MO 17.8 Wed 17:00 Tent C
Progress on Zeeman slowing and trapping CaF — ∙Timo Poll, Julius
Niederstucke, Paul Kaebert, Mirco Siercke, and Silke Ospelkaus — In-
stitut für Quantenoptik, Leibniz Universität Hannover
Recently, great progress has been made in direct laser cooling of molecules to
temperatures close to absolute zero [1,2]. However, experiments are limited by
the number of molecules that can be captured from molecular beams using typ-
ical laser-based trapping methods [3,4]. Here we discuss our approaches to in-
crease the number of molecules in the experiments. We show our experimental
results on the Zeeman slower for directly laser-coolable molecules proposed by
our group [5] as well as schemes and first experimental steps towards the reali-
sation of a sub-Doppler cooling magneto-optical trap [6,7].

[1] J. F. Barry et al. 2012
[2] Y. Wu et al. 2021
[3] S. Truppe et al. 2017
[4] L. Anderegg et al. 2017
[5] M. Petzold et al. 2018
[6] S. Xu et al. 2021
[7] S. Xu et al. 2022

MO 17.9 Wed 17:00 Tent C
A new apparatus for investigating collisions and chemical processes with
ultracold NaK molecules — ∙Jakob Stalmann1, Kai Konrad Voges2, Se-
bastian Anskeit1, Fritz von Gierke1, and Silke Ospelkaus1 — 1Institute
of Quantum Optics, Leibniz University Hannover — 2Centre for Cold Matter,
Blackett Laboratory, Imperial College London
Ultracold molecular collisions feature many highly complex and still not un-
derstood phenomena, such as formation and loss of long-lived collisional com-
plexes, molecular Feshbach resonances and chemical reactions.

Here, we present our efforts for the construction of a new experimental setup
using ultracold 23Na39K ground-state molecules as a platform to investigate
such collisional phenomena.
For ground-state molecule creation, we first produce optically trapped ultra-

cold atomic ensembles from a dual-species Zeeman slower and MOT setup. The
atoms are optically transported to a science chamber, where molecule prepara-
tion takes place by creating weakly bound Feshbach molecules and subsequently
transfering them into their ground state by a coherent Raman process. In the
science chamber a time of flight-velocity map imaging mass spectrometer will
be implemented for the detection of all educt and product particles of molec-
ular collisions. Combined with state-selective pulsed laser ionization and frag-
mentation schemes this allows us to resolve chemical reaction pathways, explore
ultracold reaction dynamics and develop new quantum control techniques for
chemical reaction steering.

MO 17.10 Wed 17:00 Tent C
An Experiment to Measure the Electron’s Electric Dipole Moment Using an
Ultracold Beam of YbF Molecules— ∙Michael Ziemba, Freddie Collings,
Rhys Jenkins, Jongseok Lim, Ben Sauer, and Mike Tarbutt — Centre for
Cold Matter, Imperial College London, London, SW7 2AZ, UK
The fact that more matter than antimatter has been produced in the early stages
of the universe is unexplained [1]. One precondition is the combined violation
of charge conjugation and parity (CP-violation) which is too small in the Stan-
dard Model. In almost all theories, CP-violation is also a precondition for the
electron to have an electric dipole moment (de). In this respect, a measurement

of de can be a test of theories beyond the Standard Model. The value of de can
be determined by measuring the precession rate of the electron spin in a strong
electric field. Heavy polarized molecules with their high intra-molecular fields
have already set a limit of |de | < 4.1*10−30 e cm [2]. To improve on this, we cre-
ate a collimated, bright beam of laser cooled YbFmolecules [3] and have built an
experiment to measure de with it [4]. I will report the first interferometer fringes
recorded on it and present the experiment’s key features which allow us to deter-
mine de with a projected uncertainty of 5*10−30 e cm per day of measurement
[3].

[1] L. Canetti et al. New J. Phys. 14 095012 (2012). [2] T. Roussy, et. al.
arXiv:2212.11841 (2022). [3] X. Alauze et al. Quantum Sci. Technol. 6, 044005
(2021). [4] N J Fitch, et al. Quantum Sci. Technol., 6, 014006, (2021).

MO 17.11 Wed 17:00 Tent C
Ionization and Dissociation Energies of Dysprosium Monoxide — ∙Sascha
Schaller, Johannes Seifert, Giacomo Valtolina, André Fielicke, Boris
G. Sartakov, and Gerard Meijer — Fritz-Haber-Institut der Max-Planck-
Gesellschaft
Previous reports for the ionization and dissociation energies of dysprosium
monoxide are contradictory. Thermochemical studies and electron impact ion-
ization led to estimates for IE and D0 of DyO, but the values are associated with
large uncertainties. Furthermore, a recent measurement of D0(DyO+) implies
ΔH0 = +0.33(2) eV, however, this conflicts with the earlier reported values for IE
and D0 [1]. Here we report on the characterization DyO and DyO+ in a super-
sonic molecular beam by applying a variety of spectroscopic approaches using
different REMPI and PFI schemes, MATI, and (V)UV single-photon ionization.
Isotope specific excitation schemes allow to obtain rotationally resolved spectra,
and several Rydberg-series converging to the ionization limits of different rota-
tional states of DyO+. The Rydberg series can be clearly assigned starting with
the lowest J=7.5 state. Beside these long-living Rydberg molecules, a number
of short-lived molecular states are found. From the spectroscopic data obtained
for the fermionic 161DyO and the bosonic 162DyO, the values of IE and D0 are
determined with a high precision. This leads to the conclusion that the reaction
Dy + O→ DyO+ + e− clearly proceeds exothermic.

[1] M. Ghiassee et al., J. Phys. Chem. A 127 (2023), 169

MO 17.12 Wed 17:00 Tent C
Characterization of 4 f 136s2 hole states of ytterbium fluoride using resonant
multiphoton ionization spectroscopy— ∙LucaDiaconescu1, Stefan Popa2,
Sascha Schaller1, André Fielicke1, and GerardMeijer1 — 1Fritz-Haber-
Institut der Max-Planck-Gesellschaft, Berlin, Germany — 2Imperial College
London, London, UK
The ionically bonded ytterbium monofluoride molecule YbF, used for mea-
suring the electron’s electric dipole moment (eEDM), is capable of entering a
Yb+[4 f 136s2] “hole” configuration, defined by excitation of one of the inner
4 f shell electrons of the constituent ytterbium ion into the outer shell. The
electronic levels derived from this configuration, along with the ones derived
from the “normal” Yb+[4 f 146s1] configuration, coexist within themolecule’s en-
ergy landscape. Using resonance enhancedmultiphoton ionization spectroscopy
(REMPI), we have rotationally characterized the low lying 4 f −17/2,1/2 hole state for
 = 0, 1. This knowledge will help improve laser cooling schemes for YbF, thus
enabling more precise eEDM measurements. Furthermore, significant differ-
ences in the ionization behavior of YbF between the normal and the 4 f hole
configurations were observed and ionization energies for both configurations
were determined.

MO 18: Poster: Cluster
Time: Wednesday 17:00–19:00 Location: Tent C

MO 18.1 Wed 17:00 Tent C
Nickel L3 excitation energy shifts and spectroscopic signatures revealing
different electronic characteristics within cationic nickel halides — ∙Max
Flach1,2, Konstantin Hirsch1, Tim Gitzinger2, Martin Timm1, Mayara
da Silva Santos1,2, Olesya Ablyasova1,2, Markus Kubin1, Tobias Lau1,2,
Bernd von Issendorff2, and Vicente Zamudio-Bayer1 — 1Helmholtz-
Zentrum Berlin — 2Universität Freiburg
Electronic configurations play an important role for the catalytic abilities of late
transition metals. Late first row transition metal halides like nickel halides have
been of interest in various studies regarding their possible use in catalytic re-
actions and reactivity studies reveal differences in their reactivity with respect
to the halogen ligand. In this study we use x-ray absorption spectroscopy at
the nickel L3-edge of [NiX]

+ (X=F,Cl,Br,I) and mono atomic nickel cations in
two well defined electronic configuration to show the change from NiF+ with a
predominant 3d8 configuration to [NiX]+ (X=Cl,Br,I) with a predominant 3d9
L configuration. Experimentally obtained L3-edge shifts of the mono atomic
species correspond well to the well established theory for exact one integer

change in 3d occupation in atomic core level spectroscopy. The obtained L3-edge
shifts of the [NiX]+ (X=F,Cl,Br,I) series shows shifts associated with an integer
change in oxidation state in literature. Comparison between mono atomic with
valence electrons in purely atomic orbitals and the diatomic samples with valence
electrons contributing to molecular orbitals provides insight on the influence of
3d electrons participating in bonding on L3 excitation energy shifts.

MO 18.2 Wed 17:00 Tent C
DFT and TD-DFT study of the gas-phase nickel tetracarbonyl complex —
∙A. Hreben1,2, O. S. Ablyasova2,3, M. Flach2,3, M. Timm2, M. da Silva
Santos2,3, V. Zamudio-Bayer2, K. Hirsch2, and J. T. Lau2,3 — 1Humboldt-
Universität zu Berlin, Brook-Taylor-Straße 2, 12489 Berlin, Germany — 2HZB,
Albert-Einstein-Straße 15, 12489 Berlin, Germany — 3Universität Freiburg,
Hermann-Herder-Straße 3, 79104 Freiburg, Germany
Investigations of transition metal carbonyl complexes have a significant role in
the rapid development of coordination chemistry. Metal carbonyls are widely
used as catalysts in synthesis and industrial processes and also find applications
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in electrochemistry and laser chemistry as precursors. The first discovered ho-
moleptic carbonyl complex was Ni(CO)4, whose structure and binding proper-
ties are still under discussion. In this research, we focused on calculating the
most stable structure of Ni(CO)+4 using DFT methods. Four possible multi-
plicities of the given complex were analyzed using three different functionals
(B3LYP, M06L, TPSSh) and two basis sets (def2-TZVP, 6-311+G(3df)). Based
on the comparison of the obtained final total energies of optimized geometries,
the method giving minimal energy was used for further TD-DFT calculations.
The obtained simulated oxygen K-edge of the X-ray absorption spectra (XAS)
are compared to experimental data. For that matter, gas-phase Ni(CO)+4 com-
plex measurements were performed via XAS in ion yield mode at the oxygen
K-edge on mass-selected ions, cryogenically cooled in the Ion-Trap end station
located in BESSY II.

MO 18.3 Wed 17:00 Tent C
Detailed investigation of unexpected photoelectron spectra via angle-
resolved spectroscopy ofGold clusters— ∙SteveTakouanTchounga, Lukas
Weise, and Bernd von Issendorff — Physikalisches Institut der Albert-
Ludwigs-Universität Freiburg, Germany
Angle-resolved spectroscopy provides an important test of the theoretical de-
scription of clusters since these spectra carry more information than the bare
electron binding energies. Specifically, the anisotropy of photoelectron spectra
depends on the angular momentum state. [1]. In the experiment cluster anions
are produced in a magnetron sputter source, cooled to 7K, and enter a time-
of-flight spectrometer for mass selection. Electrons are then detached by linear
polarised laser light and projected onto anMCP detector in a velocity map imag-
ing setup.

The presented analysis utilizes the additional information from angle-resolved
spectroscopy to gain a better understanding of the electronic structure of the
cluster. For Au−33 an electronic shell closing is expected, leading to the opening
of a new shell for Au−34. The angular momentum character of this new shell is not
in accordance with a simple shell model. It also differs from the mixed character
as observed for Sodium clusters of the same size [2]. Possible influences of the
high-lying d-band are discussed.

[1] A. Piechaczek, C. Bartels, C. Hock, J.-M. Rost, and B. v. Issendorff, Phys.
Rev. Lett. 126, 233201 (2021). [2] C. Bartels, C. Hock, R. Kuhnen, M. Walter,
and B. v. Issendorff, Physical Review A 88, 043202 (2013).

MO 18.4 Wed 17:00 Tent C
New setup for synchrotron x-ray photoelectron spectroscopy on gas-phase
size selected clusters — ∙Lotar Kurti, Phillip Stöcks, Fabian Bär, Lukas
Weise, and Berndv. Issendorff—Physikalisches Institut derAlbert-Ludwigs-
Universität Freiburg, Germany
A new apparatus has been constructed which will allow performing X-ray pho-
toelectron spectroscopy on mass selected cluster ions at synchrotrons for the
first time. The core of the setup is a liquid nitrogen cooled linear Paul trap, in
which stored cluster ions will interact with synchrotron radiation. Emitted elec-
trons will be guided by a specially designed magnetic field into a Hemispherical
Energy Analyser, where photoelectron spectra are recorded. The clusters will
be produced in a magnetron cluster source and mass selected by a quadrupole
mass spectrometer before insertion into the linear ion trap. Measuring element
specific binding energies of core levels is expected to yield specific information
about the chemical bonding in pure and mixed metal and semiconductor clus-
ters.

MO 18.5 Wed 17:00 Tent C
High-resolution photoelectron spectroscopy on tantalum and gold clusters
— ∙Maziyar Kazemi, Fabian Bär, and Bernd v.Issendorff — Institute of
Physics University of Freiburg
The characteristics of deeply cold tantalum clusters (Ta4* to Ta23*) and gold
clusters (Au3* to Au40*) have been studied using high-resolution photoelectron
spectroscopy at 3.9K. Our magnetic bottle time-of-flight photoelectron spec-
trometer, which employs a time-dependent deceleration for electron package
focusing, possesses an energy resolution of ΔE/E = 0.22% (5.5 meV at 2.0 eV
kinetic energy for Pt ions). This is five times better than a conventional mag-
netic bottle spectrometer and competitive with hemispherical energy analyzers,
which have the disadvantage of a significantly smaller collection efficiency. Com-
bining the improved spectrometer with a low-jitter, short-pulse picosecond laser
operating at 211 nm enables us to inspect states bound with up to 5.9eV binding
energy with unprecedented resolution. This allows us to observe features like
vibrational progressions or contributions from different isomers that have not
been resolved before.

MO 18.6 Wed 17:00 Tent C
Single-shot electron and ion coincidence spectroscopy of rare gas clusters. —
∙Frederic Ussling, Yves Acremann, Alessandro Colombo, LinosHecht,
Katharina Kolatzki, Mario Sauppe, José Gómez Torres, Alexandre
RosilloVorsin, and Daniela Rupp—ETH Zurich, Laboratory for Solid State
Physics, John-von-Neumann-Weg 9, 8093 Zurich, Switzerland

Intense short-wavelength pulses from free-electron lasers (FELs) or lab-based
high harmonic generation (HHG) sources enable structural investigation of in-
dividual nanometre-sized specimens like viruses [1] or clusters [2] via diffrac-
tion imaging (CDI). The intense short-wavelength pulses lead to a highly ion-
ized system followed by complex dynamics covering many different time scales.
In this context, atomic and molecular clusters can serve as ideal model systems
to study light-matter interaction on the nanoscale. Each interaction residual,
such as ejected electrons or ions, gives insights into different processes inside
the cluster: Direct electronmeasurement allows to probe (sub-)femtosecond dy-
namics, including ionization and nanoplasma formation [3]. Cluster dissocia-
tion dynamics, proceeding on longer timescales, can typically be studied via ion
time-of-flight spectroscopy [3]. Consequently, the simultaneous measurement
of ejected electrons and ions through coincidence spectroscopy is a powerful
tool to study light-matter interaction. We present first tests towards single-shot
electron and ion coincidence spectroscopy combined with CDI of large rare-gas
clusters. [1] M. Seibert et al., Nature 470,(2011) [2] D. Rupp et al., Nat Commun
8, 493 (2017) [3] M. Arbeiter and T. Fennel, New J. Phys. 13 053022 (2011)

MO 18.7 Wed 17:00 Tent C
A new helium droplet source setup for nanoparticle deposition — ∙Fabio
Zappa, Anna-Maria Reider, Thomas Pohl, Jan Mayerhofer, Masoomeh
Mahmoodi-Darian, ElisabethGruber, and Paul Scheier— Institut für Io-
nenphyik und Angewandte Physik - Universität Innsbruck
Helium droplets have been extensively used in the last years to produce taylor-
made clusters of various atomic and molecular species, which can be analysed
both in *in flight* or deposited on surfaces. Surface deposition with helium
droplets presents various challenges as well as opportunities which our group
is presently exploring. The present communication gives an overview of a new
setup that is being developed in our group, which will allow the deposition of
doped helium droplets both in neutral or multiply charged state. Various bench-
marks and comparisons with other instruments in our lab will be presented, as
well as preliminary deposition results with gold as dopant of the droplets.

The work was supported by the Standort Agentur Tirol, K-Regio Project
SupremeByNano

MO 18.8 Wed 17:00 Tent C
Density optimization of a pure indole-water molecular beam for
thermal-energy studies — ∙Hossein Saberiansani1,2,3, Matthew Scott
Robinson1,2,3, Mukhtar Singh1,2,3, Hubertus Bromberger1,2, Sebastian
Trippel1,2, and Jochen Küpper1,2,3 — 1Center for Free-Electron Laser Science
CFEL, Deutsches Elektronen-Synchrotron DESY, Hamburg — 2Center for Ul-
trafast Imaging, Universität Hamburg — 3Department of Physics, Universität
Hamburg
Microsolvated systems, wherein a small number of solvent molecules are clus-
tered around a solute, provide a unique window into solvation effects present in
the bulk [1]. In particular, the interaction of biomolecules such as indole with
water provides ideal model systems for ultrafast dynamics studies of ambient-
temperature/thermal-energy chemistry [2]. To study such systems, we need to
start with a pure and high-density molecular beam. Using high-pressure su-
personic expansions and the electrostatic deflector, we are able to produce such
samples [3]. Here, I will detail how ourmolecular beamwas optimized by tuning
valve conditions, and how the absolute density measurements were done using
strong-field ionization techniques.
[1] L. He, et int.(6 authors), J. Küpper, S. Trippel, J. Phys. Chem. Lett.14, 10499
(2023)
[2] M. S. Robinson and J. Küpper, Phys. Chem. Chem. Phys.20, 20205 (2023)
[3] Y.-P Chang, et int.(2 authors), J. Küpper, Int. Rev. Phys. Chem.34, 557 (2015)

MO 18.9 Wed 17:00 Tent C
Time-resolved laser photodissociation investigation of a cationic Irid-
ium(III) complex in an ion trap— ∙PhilippWeber1, Marcel J. P. Schmitt1,
Christoph Riehn1, and Christoph Lambert2 — 1Department of Chemistry,
RPTUKaiserslautern— 2Institute for Organic Chemistry, UniversitätWürzburg
Iridium complexes are well known for their exceptional photophysical proper-
ties, which lead to their application in the fields of OLEDs and photovoltaics. [1]
Transient laser photodissociation experiments were conducted on an isolated
Ir(III) complex in the ion trap of an electrospray ionization mass spectrometer,
giving dynamics on time scales from sub-ps to μs. We present preliminary results
for intrinsic gas phase dynamics of an Iridium(III) two donor- one acceptor (D2-
A) system based on a substituted triarylamine as electron donor (D, ppz-TAA)
and tetramethyl-phenanthroline (A, tmp) as electron acceptor, which showed
a long-lived (tens of ns) non-fluorescing charge-separated state in solution. [2]
We observed, both, fragmentation and photoionization (generating the dication)
upon photoexcitation, with the latter dominating the signal for pump-probe in-
vestigations. The observed dynamics (∼0.2 ps, ∼9 μs) pointmore towards the fast
formation of a long-lived triplet electronic state rather than a charge-separated
state, with the latter possibly destabilized with respect to solution. We discuss
different scenarios of electronic state dynamics for gas phase and solution.

[1] Longhi; De Cola. Iridium(III) Complexes for OLED Application. John
Wiley & Sons, 2017. [2] Chem. Commun., 2009, 1670-1672.
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MO 18.10 Wed 17:00 Tent C
Towards Femtochemistry in a Micro-Solvated Environment — ∙Deepak K.
Pandey1, Liliana M. Ramos Moreno1, Claus-Peter Schulz2, and Jochen
Mikosch1 — 1Institut für Physik, Universität Kassel, Heinrich Plett Str. 40,
34132 Kassel, Germany — 2Ultrafast XUV-Physics, Max Born Institute (MBI),
Max-Born-Straße 2A, 12489 Berlin, Germany
Chemical reactions, intrinsic to both natural processes and technological ad-
vancements, exhibit diverse dynamics, particularly within the realm of solution-
phase environments. Understanding these dynamics is crucial, especially when
employing gas-phase techniques to investigate reactions in solution, a trend that
has gained prominence. In contrast to the popular liquid-jet technique, we aim
to systematically introduce water molecules to a gas-phase photochemical reac-
tion in a bottom-up approach - one at a time. Our experimental setup utilizes the
water cluster technique pioneered byUdoBuck in combinationwith a Photoelec-
tron Photoion Coincidence (PEPICO) spectrometer. At the University of Kassel,
we aim to investigate the impact of micro-solvation on chemical reactions, ul-
timately using VUV light as a probe. The initial focus is on the steric effects of
water on photochemical dynamics, employing a conventional pump-probe ex-
periment to study processes such as photodissociation and photo-induced iso-
merization reactions. Our poster will focus on the experimental approach, char-
acterization of the water cluster source and the spectrometer, and experimental
advance toward studying photochemical reactions.

MO 18.11 Wed 17:00 Tent C
Supramolecular dynamics investigated on hydrogen-bonded pyrrole-water
clusters upon site-specific x-ray photoionization — ∙Wuwei Jin1,2, Ivo
Vinklárek1, Hubertus Bromberger1, Sebastian Trippel1,3, Rebecca
Boll4, Michael Meyer4, and Jochen Küpper1,2,3 — 1Center for Free-
Electron Laser Science, Deutsches Elektronen-Synchrotron DESY, Hamburg —
2Department of Physics, Universität Hamburg— 3Center for Ultrafast Imaging,
Universität Hamburg — 4European XFEL GmbH, Schenefeld
The solvation of molecules crucially affects their photostability and introduces
additional pathways for relaxation dynamics compared to isolatedmolecules. To

gain molecular-level insights into the solvation effects on the photofragmenta-
tion dynamics of a supramolecular system, we investigate the dynamics of a spa-
tially separated pure sample of pyrrole-water (pyr-H2O) clusters prepared by the
electric deflector [1-2]. This is achieved through an IR-pump-x-ray-probe exper-
iment at EuXFEL. An ionizing IR pulse triggers the (pyr-H2O)+ fragmentation.
The resulting dynamics are site-specifically probed by x-ray free-electron laser
pulses [3]. This study of the hydrogen-bonded pyrrole-H2O system is particu-
larly relevant to pyrrole-containing biomolecules and establishes a new approach
to study the key role of intermolecular interactions in supermolecular dynamics.

[1]M Johny, S Trippel, and J Küpper, Chem. Phys. Lett. 721, 149 (2019) [2] YP
Chang, D Horke, S Trippel, and J Küpper, Int. Rev. Phys. Chem. 557, 34 (2015)
[3] J Onvlee, S Trippel, and J Küpper, Nat. Commun. 7462, 13 (2022)

MO 18.12 Wed 17:00 Tent C
UV photo-induced dissociation dynamics of solvated (bio)molecular com-
plex system — ∙Mukhtar Singh1,2,3, Matthew Scott Robinson1,2,3, Hu-
bertus Bromberger1,2, JolijnOnvlee1,3, Sebastian Trippel1,2, and Jochen
Küpper1,2,3 — 1Center for Free-Electron Laser Science CFEL, Deutsches
Elektronen-SynchrotronDESY, Hamburg— 2Center for Ultrafast Imaging, Uni-
versität Hamburg — 3Department of Physics, Universität Hamburg
We present the investigation of ultrafast chemical dynamics induced by UV
excitation in a micro-solvated indole-water-complex system probed by time-
dependent strong-field ionization, and ion mass spectroscopy [1]. Indole-water
is important due to indole’s role as the chromophore of tryptophan, the strongest
near UV absorber in proteins. The experimental setup contains a molecular
beam and the electrostatic deflector to produce a pure gas-phase sample of
indole-water [2]. We conducted a UV-IR pump-probe experiment, wherein we
excited the system to the electronic excited state using 270 nm light. The disso-
ciation dynamics of the system was monitored using strong-field multiphoton
ionization by 1.3 μm wavelength light from a femtosecond laser, tracking the
time-dependent ion signals of the indole and indole-water ions.

[1] J Onvlee, et al., Nat Commun. 13, 7462 (2022)
[2] S. Trippel, et al., Rev. Sci. Instrum. 89, 096110 (2018)

MO 19: Chirality
Time: Thursday 11:00–12:45 Location: HS 3044

Invited Talk MO 19.1 Thu 11:00 HS 3044
Controlling the internal quantum states of chiral molecules — JuHyeon
Lee, Elahe Abdiha, Boris Sartakov, Gerard Meijer, and ∙Sandra
Eibenberger-Arias — Fritz-Haber-Institut der Max-Planck-Gesellschaft,
Berlin, Germany
Controlling the internal quantum states of chiral molecules enantiomer-
specifically has a wide range of fundamental and practical applications. The re-
cently developed method of enantiomer-specific state transfer [1,2] holds great
promise in providing the crucial ingredient for enabling the first experimental
measurement of the long-predicted parity violation in chiral molecules. It also
has the potential of enabling spatial separation of enantiomers in the gas phase
and opening new avenues in chiral studies. For this to be possible, (almost) per-
fect enantiomer-specific state transfer is necessary. However, previous studies
have been limited by thermal population in all involved quantum states for all
currently accessible molecular temperatures. I will present recent efforts of our
group targeted at increased state-specific enantiomeric enrichment and quanti-
tative understanding thereof [3,4]. I will also give an outlook on future experi-
mental directions. [1] S. Eibenberger, J. Doyle, D. Patterson, Phys. Rev. Lett. 118,
123002 (2017) [2] C. Pérez, A. L. Steber, S. R. Domingos, A. Krin, D. Schmitz,
M. Schnell, Angew. Chem. Int. Ed. 56, 12512 (2017) [3] J.H. Lee, J. Bischoff,
A. O. Hernandez-Castillo, B. Sartakov, G. Meijer, S. Eibenberger-Arias, Phys.
Rev. Lett. 128, 173001 (2022) [4] J.H. Lee, J. Bischoff, A.O. Hernandez-Castillo,
E. Abdiha, B. Sartakov, G. Meijer, Sandra Eibenberger-Arias, arxiv: 2310.11120
(2023)

MO 19.2 Thu 11:30 HS 3044
Towards perfect enantiomer-specific state transfer of chiral molecules —
∙Elahe Abdiha, Juhyeon Lee, Johannes Bischoff, Daniel Fontoura Bar-
roso, Boris Sartakov, Gerard Meijer, and Sandra Eibenberger-Arias
— Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin, Germany
Chiral molecules are important in many chemical and biological processes
and are also at the heart of some fundamental physics questions. Recently,
enantiomer-specific state transfer (ESST) was experimentally demonstrated
[1,2]. Here, the application of three mutually orthogonally polarized microwave
fields yields enantiomer-specific population control in a chosen quantum state
that is part of a triad of rotational states. I will present our recent work on ESST,
where we largely overcome the previous limitation due to initial thermal popu-
lation by combining ESST with optical methods [3]. By depleting the target state

using resonant UV light prior to ESST we achieve state-specific enantiomeric
enrichment in the order of 50%. Importantly, we quantitatively study ESST, ex-
plicitly including the role of spatial degeneracy. I will also discuss our recent
study on the influence of microwave pulse conditions on ESST [4]. Extensions
to our scheme will allow to create a molecular beam with an enantiomer-pure
rotational level, holding great prospects for future spectroscopic and scattering
studies.

[1] Eibenberger et al, PRL 118, 123002 (2017) [2] Pérez et al, Angew. Chem.
Int. Ed. 56, 12512 (2017) [3] Lee et al, PRL 128, 173001 (2022) [4] Lee et al,
arxiv: 2310.11120 (2023)

MO 19.3 Thu 11:45 HS 3044
Purcell effect in chiral environments — ∙Omar Jesus Franca Santiago1,
Claudio Salvador Rapp1, Janine Christine Franz2, and Stefan Yoshi
Buhmann1 — 1Institute of Physics, University of Kassel, Germany —
2University of Freiburg, Germany
The Purcell effect describes the modification of the spontaneous decay rate in
the presence of electromagnetic media and bodies. In this work, we shed light
on the dependencies and magnitude of this effect for chiral materials. Using the
framework of macroscopic quantum electrodynamics [1,2] and Fermi’s golden
rule, we study a chiral bulk medium with and without local field corrections,
an idealised chiral mirror and a chiral surface. The results imply that the chi-
ral effect is greatest for large transition frequencies, molecules with large optical
rotatory strength, and media with a strong cross-susceptibility. In the case of a
surface, short distances from the molecule to the interface additionally enhance
the effect.

[1] D.T. Butcher, S.Y. Buhmann, and S. Scheel, New J. Phys. 14, 113013 (2012).
[2] S. Y. Buhmann, Dispersion Forces II: Many-Body Effects, Excited Atoms,

Finite Temperature and Quantum Friction, (Springer, Berlin Heidelberg, 2012).

MO 19.4 Thu 12:00 HS 3044
Silicon 2p inner-shell photoelectron circular dichroism in sec-butyl
trimethylsilylether — ∙Emilia Heikura, Christina Zindel, Lutz Marder,
Catmarna Küstner-Wetekam, Niklas Golchert, Johannes Viehmann,
Denis Kargin, Rudolf Pietschnig, Andreas Hans, and Arno Ehresmann
—University of Kassel, Heinrich-Plett-Straßse 40, 34132 Kassel
Photoelectron circular dichroism (PECD) is one of the most powerful meth-
ods for investigating molecular chirality in the gas phase. PECD is a forward-
backward asymmetry of emitted photoelectrons from chiral molecules after in-
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teraction with a circularly polarized light. The asymmetry can be observed even
in randomly oriented chiral molecules. Site-selectivity of inner-shell photoelec-
trons enables the investigation on chirality as a function of a distance from a
stereocenter. It is still unknown how the magnitude of PECD is affected by the
distance of the emission site from the stereocenter. To be able to investigate this
phenomenon, a series of specifically synthesized molecules was created. In sec-
butyl trimethylsilylether and it’s derivatives the distance between stereocenter
and a marker atom can be increased by inserting additional CH2 groups while
otherwise the structure of the molecule stays intact.

MO 19.5 Thu 12:15 HS 3044
Control of circular dichroism in ion yield of 3-methyl cyclopentanone using
femtosecond laser pulses— ∙SagnikDas, JayantaGhosh, SudheendranVa-
sudevan, Hangyeol Lee, Nicolas Ladda, Simon Ranecky, Tonio Rosen,
Till Stehling, Fabian Westmeier, Arne Senftleben, Thomas Baumert,
and Hendrike Braun— Institut für Physik, Universität Kassel, Heinrich-Plett-
Strasse 40, 34132 Kassel, Germany
Circular dichroism in ion yield (CDIY) is the difference in ion yield from left and
right circular polarised light interacting with an enantiomer of a chiral molecule.
The cyclic ketone 3-methyl cyclopentanone (3-MCP) has long been studied for
its large circular dichroism in the π∗ ← n transition. We used femtosecond laser
pulses tuned in wavelength around one of the vibrational modes in the π∗ ← n
band to study the effect of pulse parameters like linear chirp and peak inten-
sity on the CDIY. In the 3-photon resonance enhanced multiphoton ionization
(1+1+1) of 3-MCP, we observed an enhancement of CDIY for chirped pulses. At
the same time, almost no change in CDIY was detected for variation of the peak
intensity of bandwidth-limited pulses. Not only the magnitude of the chirp but
also its sign influences the CDIY, indicatingmore than the pulse duration or peak

intensity as the underlying cause. It highlights the role of frequency ordering in
the observed enhancement of CDIY for chirped pulses. Moreover, the progres-
sion of the CDIY with regard to the applied linear chirp sensitively depends on
the central wavelength of the laser pulses.

MO 19.6 Thu 12:30 HS 3044
Photoelectrons from transiently populated nonresonant states— ∙SimonRa-
necky, Sudheendran Vasudevan, Han-gyeol Lee, Till Stehling, Nico-
las Ladda, Tonio Rosen, FabianWestmeier, Sagnik Das, Jayanta Ghosh,
Hendrike Braun, Arne Senftleben, and Thomas Baumert — Universität
Kassel, Institut für Physik und CINSaT, D-34132 Kassel
When an intense laser pulse induces a two-photon electronic transition from
one state to another, all other states are populated transiently with various pro-
portions during the interaction time. This transient population in nonresonant
states can absorb further photons and then become ionized so that these states
become visible in the photoelectron spectrum. This effect was already observed
for Sodium atoms [1].

Here, we report the observation of the same ionization mechanism for the
first time on molecules using Fenchone and fs- to ns-lasers around 400 nm. The
main ionization scheme for this molecule at this wavelength is 2+1 resonance-
enhanced multiphoton ionization. And besides the photoelectrons from res-
onant s- and p-states, we could see photoelectrons from further, nonresonant
states.

With this study, we want to encourage spectroscopists to have a close look
at the background of their photoelectron spectra. Doing this for Fenchone and
observing the weak signals from transiently populated, nonresonant states, we
were able to determine the energies of these states.

[1] Krug et al. N.J. Phys. 11 (2009) 105051

MO 20: Theoretical Molecular Physics
Time: Thursday 14:30–16:45 Location: HS 3042

MO 20.1 Thu 14:30 HS 3042
Dynamics of AlF-AlF: Potential energy surface and intermediate complex
characterization— ∙Xiangyue Liu1, WeiqiWang1, and Jesús Pérez-Ríos2,3
— 1Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin, Germany — 2Department of Physics and Astronomy, Stony Brook Uni-
versity, Stony Brook 11794, New York, USA— 3Institute for Advanced Compu-
tational Science, Stony Brook University, Stony Brook 11794-3800, New York,
USA
Diatomic metal-fluorine molecules are crucial for cryogenic buffer gas cooling,
widely used in precision spectroscopy and laser cooling. Recently, AlF has gained
attention for laser cooling due to its efficient laboratory production and highly-
diagonal Franck-Condon matrix. This study focuses on the undesirable forma-
tion of AlF-AlF dimer complexes. We developed an accurate machine-learning
potential energy surface for the AlF-AlF complex at the coupled-cluster theory
level. Based on the resulting PES, ab initiomolecular dynamics simulations have
been performed, revealing primary reaction mechanisms. The lifetime of the
intermediate AlF-AlF complex at different temperatures has been estimated.

MO 20.2 Thu 14:45 HS 3042
Exotic charged molecules and Rydberg glue — ∙Daniel J. Bosworth1,2, Pe-
ter Schmelcher1,2, andMatthew T. Eiles3 — 1Zentrum für Optische Quan-
tentechnologien, Universität Hamburg, Luruper Chaussee 149, 22761 Hamburg,
Germany— 2The Hamburg Centre for Ultrafast Imaging, Universität Hamburg,
Luruper Chaussee 149, 22761 Hamburg, Germany — 3Max Planck Institute for
the Physics of Complex Systems, 01187 Dresden, Germany
Neutral-ion interactions are of fundamental interest in physics and chemistry.
Recent experiments are starting to explore them within the quantum regime.
The sensitivity of Rydberg atoms to electric fields enables them to form weakly-
bound diatomic molecular ions. These dimers bind on micrometer length scales
due to the Rydberg’s large induced dipole moment, which is the leading-order
term in the ion-neutral interaction series. In this theoretical work, we explore
the role of the higher-order terms in this interaction series. We first consider a
system of a pair of cations interacting with a Rydberg atom at long-range. Sur-
prisingly, we reveal that the Rydberg’s quadrupole compensates the enormous
Coulomb repulsion between the cation pair, forming a metastable trimer with
mixing between states in neighbouring n-manifolds. We discuss the rapid de-
cay of these trimers due to charge transfer of the Rydberg electron. Additionally,
we reveal that the quadrupole interaction term introduces a dependence on the
sign of the ion’s charge, which can significantly alter non-adiabatic couplings be-
tween Rydberg states. Such modified couplings would not only affect vibrational
dynamics, but also molecular lifetimes.

MO 20.3 Thu 15:00 HS 3042
The effects of dipole self energy in a molecular Tavis-Cummings model —
∙Lucas Borges, Markus Kowalewski, and Thomas Schnappinger — De-
partment of Physics, StockholmUniversity, AlbaNova University Center, SE-106
91 Stockholm, Sweden
Theoretical studies in polariton photochemistry describe themolecular and pho-
tonic field interactions within the long-wavelength limit. The Pauli-Fierz Hamil-
tonian in the length gauge representation features a linear light-matter interac-
tion term and a squared dipole self-energy (DSE) term, which assures a stable
ground state for the total system. However, this representation blurs the dis-
tinction between photon and matter degrees of freedom. We performed nuclear
wave functions dynamics from one to three MgH+ molecules interacting with
a single photonic mode in an optical cavity at the electronic strong-coupling
regime. We investigate how additional DSE terms in the interactionHamiltonian
affect the system by producing new inter-molecular energy transfer pathways.

MO 20.4 Thu 15:15 HS 3042
Cavity-Born-Oppenheimer Hartree-Fock: Vibronic-Strong- Coupling be-
yond a singlemolecule— ∙Thomas Schnappinger andMarkusKowalewski
—Department of Physics, Stockholm University, Sweden
When a molecule interacts with the vacuum field of a nanoscale cavity, strong
coupling reshapes the potential energy surfaces to formhybrid light-matter states
called polaritons. Recent experiments show that this strong coupling between
light and matter is capable of modifying chemical and physical properties. The
situation in which the quantized cavity modes are coupled via their characteris-
tic frequency to vibrational degrees of freedom of molecules is called vibrational
strong coupling (VSC). In the VSC regime, the chemistry of a single electronic
state (mostly the ground state) and its vibrational spectroscopy are influenced
by the cavity interaction. In this theoretical contribution we use the ab-initio
Cavity-Born-Oppenheimer-Hartree-Fock approach to study the effect of VSC
on the ground state properties of single molecules and small ensembles of such
molecules. We are able to optimize cavity-coupled molecular systems and can
calculate vibro-polaritonic IR spectra, since we have implemented analytical gra-
dients. Our ab-initio treatment allows us to study the interactions between in-
dividual molecules mediated by the cavity. These interactions give rise to local
strong coupling effects that allow the modification of chemical reactivity in the
VSC context.

MO 20.5 Thu 15:30 HS 3042
Multi-state mapping approach to surface hopping — ∙Johan Runeson and
DavidManolopoulos—Physical andTheoretical Chemistry Laboratory, Uni-
versity of Oxford, UK
Many important problems in physics and chemistry involve non-adiabatic dy-
namics: nuclear motion on two or more coupled electronic potential energy sur-

108



Molecular Physics Division (MO) Thursday

faces. The most popular method to treat this problem is fewest-switches sur-
face hopping (FSSH), which involves stochastic hops of classical nuclear trajec-
tories between adiabatic electronic states. This method can be used with ab initio
potentials and is widely applied in photochemistry. However, its long-standing
problems are overcoherence and violation of detailed balance. A new ‘mapping
approach to surface hopping’ (MASH) [1] appears to resolve many of these is-
sues: it avoids ad hoc decoherence corrections and provably relaxes to the correct
quantum–classical equilibrium. Although originally developed for two states, we
have extended the method to any number of states and applied it to a variety of
problems, including gas-phase photochemistry, spin-boson models, and exciton
transfer in photosynthetic systems [2]. In all cases, we find MASH to be more
accurate as well as more numerically tractable than FSSH. The talk will summa-
rize this development andmention some current exciting applications, including
charge transport in organic materials.

[1] J. R. Mannouch and J. O. Richardson, J. Chem. Phys. 158, 104111 (2023).
[2] J. E. Runeson and D. E. Manolopoulos. J. Chem. Phys. 159, 094115 (2023).

MO 20.6 Thu 15:45 HS 3042
Open quantum system approach to non-adiabatic molecular physics —
Michael Reitz1, ∙Nico Bassler2,3, Raphael Holzinger4, Ágnes Vibók5,6,
Gábor Halász5, and Claudiu Genes3,2 — 1Department of Chemistry and
Biochemistry, University of California San Diego, La Jolla, California 92093,
USA — 2Department of Physics, Friedrich-Alexander-Universität Erlangen-
Nürnberg (FAU), D-91058 Erlangen, Germany — 3Max Planck Institute for
the Science of Light, D-91058 Erlangen, Germany — 4Institut für Theoretische
Physik, Universität Innsbruck, A-6020 Innsbruck, Austria— 5Department of In-
formation Technology, University of Debrecen, H-4002 Debrecen, Hungary —
6ELI-ALPS, ELI-HU Non-Profit Ltd, H-6720 Szeged, Hungary
Non-adiabaticmolecular phenomena, i.e., processes due to the breakdown of the
Born-Oppenheimer approximation, govern the fate of most photophysical and
photochemical processes. We propose here an open quantum system approach
based on quantum Langevin equations to non-adiabatic molecular physics, with
relevance during or after the process of photoexcitation and in the presence of
a dissipative, thermal environment. Based on a linear vibronic coupling model,
we derive analytical expressions for the non-radiative transition rates of pro-
cesses occurring at the intersection between two potential energy surfaces such
as internal conversion and conical intersections. Our work allows for an intu-
itive understanding of these processes in terms of multi-phonon sidebands and
establishes a connection between open quantum system dynamics, molecular
quantum optics, and quantum chemistry.

MO 20.7 Thu 16:00 HS 3042
Molecular motion enhanced excitation transport in molecular aggregates
despite internal molecular vibrations — ∙Ritesh Pant1, Varadharajan
Srinivasan2, Alexander Eisfeld1, and SebastianWüster2 — 1Max Planck
Institute for the Physics of Complex Systems, Dresden, Germany — 2Indian In-
stitute of Science Education and Research, Bhopal, India
Molecular aggregates can under certain conditions transport electronic excita-
tion energy over large distances due to the long range dipole-dipole interactions
[1]. It was shown earlier that the thermal centre-of-mass motion of molecules
can enhance the efficiency of transport compared to the static case in the pres-
ence of diagonal disorder, when neglecting molecular vibration [2]. Our cur-
rent research extends this understanding by examining the impact of molecular
vibrations, with a particular focus on adiabatic excitation transport. To simu-
late quantum dynamics of the electronic excitation coupled to vibrations we use

non-Markovian quantum state diffusion, solved through the hierarchy of pure
states, combined with classical molecular dynamics for centre-of-mass motion
ofmolecules [2, 3]. Using a specificmodel of torsional molecular motion, we can
identify parameter regimes in which the motion aids excitation transfer even in
the presence of vibrations, although adiabatic transport appears disrupted by vi-
brations.

[1] T. Brixner et. al., Adv. Energy Mater. 7, 1700236 (2017). [2] R. Pant et. al.,
Phys. Chem. Chem. Phys. 22, 21169 (2020). [3] D. Suess et. al., Phys. Rev. Lett.
113, 150403 (2014).

MO 20.8 Thu 16:15 HS 3042
Gas-phase sugar synthesis: The formation of protonated glycolaldehyde —
∙Weiqi Wang1, Hunarpreet Kaur2, Sandra Brünken2, and Jesús Pérez
Ríos3,4 — 1Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6,
14195 Berlin, Germany— 2FELIX Laboratory, Faculty of Science, RadboudUni-
versity, Toernooiveld 7c, 6525 ED Nijmegen, The Netherlands. — 3Department
of Physics and Astronomy, Stony Brook University, Stony Brook 11794, New
York, USA— 4Institute for Advanced Computational Science, Stony Brook Uni-
versity, Stony Brook 11794-3800, New York, USA
The investigation into the origins and processes of prebiotic synthesis in our uni-
verse is pivotal to unraveling the mystery of life’s beginnings. Currently, the un-
derstanding of the chemical pathways leading to complexity is incomplete and
mostly experiential.

A crucial initial step in understanding prebiotic synthesis involves exploring
pathways that give rise to simple sugars. This study delves into the intricate reac-
tion networks governing the formation of protonated glycolaldehyde, a key com-
ponent in sugar synthesis. Through the ab initiomolecular dynamicsmethod, we
systematically explore the entire relevant phase space. To identify the species ob-
served in infrared (IR) experiments, we calculate IR spectra from simulations at
finite ensemble temperatures or under specific kinetic temperature conditions.
Furthermore, we determine the thermodynamic conditions within the experi-
mental chamber.

MO 20.9 Thu 16:30 HS 3042
A Time-dependent Perspective on Resonant Inelastic X-ray Scattering of
Pyrazine — ∙Antonia Freibert1, David Mendive-Tapia2, Nils Huse1, and
Oriol Vendrell2 — 1University of Hamburg — 2Heidelberg University
The developments of advanced x-ray sources have enabled the study of physi-
cal phenomena occurring on the intrinsic timescale of nuclear and electronic
motion. One technique that gained considerable attention is resonant inelastic
x-ray scattering (RIXS) and its extension into the ultrafast time domain. RIXS
involves a coherent scattering process where the system is resonantly excited into
short-lived core-hole states and subsequently decays back to the ground and va-
lence excited states. This technique combines the element specificity of core-level
spectroscopywith the ability to reach valence excited states across a wide spectral
range and a spectral resolution that is not limited by the large core-hole lifetime
broadening, making it a versatile and promising tool to study the local electronic
structure in complex molecular systems.

I will present RIXS simulations of pyrazine at the nitrogen K-edge includ-
ing wavepacket dynamics in both the valence- and core-excited state manifold.
This allows to accurately depict dynamic processes occurring within the ultra-
short core-hole lifetime and their manipulation through changes in excitation
frequency. Additionally, I will discuss the impact of the spectral distribution of
the incoming X-ray pulse and how it manifests in the resulting spectra striving
for an optimal interplay between theory and experiment.

MO 21: Ultrafast Dynamics II
Time: Thursday 14:30–16:45 Location: HS 3044

MO 21.1 Thu 14:30 HS 3044
Reversible Switching based on intramolecular long-range Proton Transfer
— Chris Rehhagen1, Miguel Argüello Cordero1, Fadhil Kamounah2,
Vera Deneva3, Ivan Angelov3, ∙Marvin Krupp1, Søren Svenningnsen2,
Michael Pittelkow2, Stefan Lochbrunner1, and Liudmil Antonov3 —
1Institute for Physics and Department of Life, Light and Matter, University of
Rostock, 18059 Rostock, Germany — 2Department of Chemistry, University of
Copenhagen, DK-2100 Copenhagen, Denmark— 3Institute of Electronics, Bul-
garian Academy of Sciences
A molecular switch is one of the essential elements in molecular electronics.
The main requirement in the design of molecular switches is to provide a fast
and clean interconversion between structurally different molecular (on- and off-
) states. Currently existing molecular switches are either chemically or light
driven. The proton transfer could be a new and attractive elementary switch-
ing process, because the change in the tautomeric state is always accomplished
by a fast proton exchange between the reaction centers in the same molecule.
The energy required for proton transfer is fairly low, which provides the oppor-

tunity for fueling with visible and near infrared light. Therefore, absorption and
emission spectra of a new compoundHQBT are investigated and further charac-
terizedwith femtosecond transient absorption spectroscopy. The system consists
of a benzothiazole rotor attached to a 7-hydroxy quinoline stator. A clean and
ultrafast off-/on- switching, based on intramolecular long-range proton transfer,
is observed in solution.

MO 21.2 Thu 14:45 HS 3044
Unraveling the photochemistry of TiIVCp2(NCS)2 — ∙Jonas Schmidt, Luis
Ignacio Domenianni, Marcel Leuchner, Andreas Gansäuer, and Peter
Vöhringer—Rheinische Friedrich-Wilhelms-Universität, Bonn, Deutschland
Recently, we reported the observation of the entry event of TiIVCp2(NCS)2 into
a photocatalytic cycle in real-time.[1] In this study we were able to show the
thermally activated delayed fluorescence of TiIVCp2(NCS)2 after excitation with
450 nm light. Furthermore, we were able to observe the reductive quenching
of the reactive triplet state with NPh3 as an electron donor using time-resolved
spectroscopy.
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In a further step, we nowwant to investigate the following steps in the catalytic
cycle. Therefore, we employ a substrate that acts as the amine electron donor to
reduce the titanocene as well as the epoxide for radical arylation. To achieve this
goal, we will utilize the long pump-probe delays of up to 300 μs of our synchro-
nized double Ti:Sapphire regenerative amplifier setup for fs-UV/Vis-pump/mIR-
probe spectroscopy. To aid the analysis of the spectroscopic findings, we will
employ density functional theory as well as cooperate with synthetic chemists.
From these experiments, we hope to gain further insight into the later mecha-
nism of the photocatalytic cycle as it is still unclear if one or two equivalents of
the substrate are involved.
[1] J. Schmidt et al., Angew. Chem. Int. Ed. 2023, 62, e202307178.

MO 21.3 Thu 15:00 HS 3044
Ultrafast Formation of Metallo-Nitrenes — ∙Markus Bauer, Luis Domeni-
anni, and Peter Vöhringer — Clausius Institut für physikalische Chemie,
Rheinische Friedrich-Wilhelms-Universität Bonn, Deutschland
Nitrenes have shown great potential as nitrogen-transfer reagents, owing to their
high reactivity. For the same reason they are often found only as transient species
and have to be prepared in-situ.[1] Therefore, to utilize their synthetic potential
to the fullest, a firm understanding of the primary processes leading up to their
formation is crucial.

Herein, a set of square-planar diazide complexes[2], [M(N3)2(dppe)]
(dppe=1,2-Bis(diphenylphosphino)ethan, M=Ni, Pd, Pt) was studied using ul-
trafast UV-pump-mIR-probe and time-resolved FTIR-spectroscopy. For all
complexes nitrene formation is observed, with an increase of the quantum yield
dependent on the mass of the metal. Additionally an intermediate triplet state
preceding the nitrene formation could be identified.
Literature: [1] T. Schmidt-Räntsch, H. Verplancke, J. N. Lienert, S. Demeshko,

M. Otte, G. P. Van Trieste, K. A. Reid, J. H. Reibenspies, D. C. Powers, M. C.
Holthausen, S. Schneider, Angew. Chem. Int. Ed. 2022, 61, e202115626. [2]
Hennig, H., Hofbauer, K., Handke, K., Stich, R., 1997. Angew. Chem. Int. Ed.
Engl. 36, 408*410.

MO 21.4 Thu 15:15 HS 3044
Time-resolved insights in the fs-range on novel Fe(III)-complexes with func-
tional modifications — ∙Samira Dabelstein1, Jakob Steube2, Miguel An-
dre Argüello Cordero1, Franziska Fennel1, Lennart Schmitz2, Mar-
vin Krupp1, Christoph von der Oelsnitz1, Matthias Bauer2, and Stefan
Lochbrunner1 — 1University of Rostock, Germany — 2Paderborn University,
Paderborn, Germany
Precious metal-based photosensitizers in photochemistry face scarcity and ex-
traction challenges. There’s a growing shift towards Earth-abundant metal alter-
natives, with iron being a promising, widely available, and cost-efficient candi-
date. The filled t2g orbitals in Fe(II)-complexes facilitate metal-to-ligand charge
transfer (MLCT) upon optical excitation, while the ligand-to-metal charge trans-
fer (LMCT) state is optimally achieved in Fe(III)-complexes owing to the par-
tially filled t2g orbitals. In this study, we present a series of emitting Fe(III)-
complexes modified with functional groups. These modified variants exhibit
emission from LMCT states. The lifetime and energy of the LMCT state appear
to be modulated by the attachment of diverse functional groups to the ligand’s
backbones. Our findings, obtained through time-resolved methods, specifically
femtosecond transient absorption UV-Vis spectroscopy and streak camera mea-
surements, are presented herein. These results are thoroughly examined in the
context of electronic relaxation dynamics, shedding light on the intricate pro-
cesses governing the observed phenomena.

MO 21.5 Thu 15:30 HS 3044
Photophysical and photochemical investigations on a series of group VI car-
bonyl complexes with a meso-ionic carbene ligand — ∙Daniel Marhöfer1,
Pit Boden1, Tobias Benz2, Sophie Steiger1, Biprajit Sarkar2, and Gereon
Niedner-Schatteburg1 — 1Department of Chemistry and Research Center
Optimas, RPTU Kaiserslautern-Landau, Erwin-Schrödinger-Straße 52, 67663
Kaiserslautern, Germany. — 2University of Stuttgart, Chair of Inorganic Coor-
dination Chemistry, Institute of Inorganic Chemistry, Pfaffenwaldring 55, 70569
Stuttgart, Germany.
Photo-catalysis is a well-explored field in contemporary research. It enables re-
actions under comparably mild conditions, that wouldn’t otherwise take place.
A drawback of most photo-catalysts is the requirement for rare metals as late
transition metals or even rare earth metals. In order to make this field of re-
search more sustainable and economical, it is of particular interest to develop
photo-catalysts, that contain only earth-abundant metals.

In this work we present a series of Cr(0), Mo(0) and W(0) carbonyl com-
plexes that are able to stereo-selectively cleave a CO ligand under irradiation
and recombine in the dark thereafter both in the solid phase and in solution.
The photophysical behavior regarding emission and excited state vibrations as
well as the respective excited state lifetimes was investigated on using lumines-
cence spectroscopy and step-scan spectroscopy. The results were compared to
previously reported, isomeric complexes and backed up by DFT calculations.

MO 21.6 Thu 15:45 HS 3044
Symmetry-breaking charge transfer and intersystem crossing in copper ph-
thalocyanine thin films — ∙Esther del Pino Rosendo1, Okan Yildiz2,
Tomasz Marszalek2, Charusheela Ramanan3, and Paul W. M. Blom2

— 1Johannes Gutenberg-Universität. Staudingerweg 7, 55128 Mainz — 2Max
Planck Institut für Polymerforschung. Ackermannweg 10 55128Mainz— 3Vrije
Universiteit Amsterdam. De Boelelaan 1105, 1081 HV Amsterdam
Intermolecular interactions in π-stacked chromophores strongly influence their
photophysical properties, and thereby also their function in photonic applica-
tions. Mixed electronic and vibrational coupling interactions lead to complex
potential energy landscapes with competitive photophysical pathways. The pho-
toexcited dynamics of the small molecule semiconductor CuPc are characterized
in solution as well as in thin film. In the thin film case, the material can organize
in two different π-stacked architectures, α-CuPc and β-CuPc. In solution, CuPc
undergoes ultrafast ISC to the triplet excited state. In the solid state, both α-CuPc
and β-CuPcmorphologies exhibit a mixing between Frenkel and charge-transfer
excitons. We find that this mixing influences the photophysical properties differ-
ently, based on morphology. α-CuPc demonstrates symmetry-breaking charge
transfer, which furthermore depends on excitation wavelength. This mechanism
is not observed in β-CuPc. These results elucidate how molecular organization
mediates the balance of competitive photoexcited decay mechanisms in organic
semiconductors.

MO 21.7 Thu 16:00 HS 3044
Insights into exciton coupling of RNA-templated merocyanine dimer
through higher-order transient absorption spectroscopy — ∙Ajay
Jayachandran1, Julia Dietzsch2, StefanMüller1, Claudia Höbartner2,
and Tobias Brixner1 — 1Institut für Physikalische und Theoretische Chemie,
Universität Würzburg, Am Hubland, 97074 Würzburg, Germany — 2Institut
für Organische Chemie, Universität Würzburg, Am Hubland, 97074 Würzburg,
Germany
The synthesis of oligonucleotide scaffolds to arrange chromophores intomolecu-
lar aggregates with control over the formation of their molecular excitonic states
offers an exciting prospect for achieving programmable photophysics. Our study
exploits the Watson-Crick base pairing interactions in a RNA double helix by
incorporating a new barbituric acid merocyanine as a nucleobase surrogate via
solid-phase synthesis [1]. We observe the formation of a non-fluorescent, short-
lived H-aggregate.

In order to study the single- andmulti-excitonicmanifold of this aggregate and
its associated dynamics, we use a technique that we recently developed which
employs systemic intensity variation of the pump pulse in pump–probe spec-
troscopy to separate pure third-order and fifth-order nonlinear signals [2]. We
apply this higher-order transient absorption spectroscopy for the first time on
oligonucleotide scaffolds and find indications for ultrafast exciton–exciton anni-
hilation in the H-type dimer system [1].

[1] J. Dietzsch et al., Chem. Commun. 59, 7395–7398 (2023).
[2] P. Malý et al., Nature 616, 280–287 (2023).

MO 21.8 Thu 16:15 HS 3044
Exciton Dynamics Pathways in a Merocyanine Dye-based Artificial Light-
Harvesting Antenna — ∙Rebecca Fröhlich1, Ajay Jayachandran1,
Alexander Schulz2, Matthias Stolte3, Frank Würthner2,3, and Tobias
Brixner1 — 1Institut für Physikalische und Theoretische Chemie, Universität
Würzburg, Am Hubland, 97074 Würzburg — 2Institut für Organische Chemie,
Universität Würzburg, Am Hubland, 97074 Würzburg — 3Center for Nanosys-
tems Chemistry (CNC), Universität Würzburg, Theodor-Boveri-Weg, 97074
Würzburg
Natural photosynthesis relies on light-harvesting systems with precisely ar-
ranged chromophore structures. We investigate the exciton dynamics in an ar-
tifical light-harvesting antenna comprised of four dipolar merocyanine chro-
mophores, covering a broad range of the visible spectrum. The molecule shows
a solvent-depending folding-induced fluorescence enhancement previously de-
scribed on a trimer structure [1]. Irrespective of excitation wavelength, the
molecule fluoresces only from the lowest excitonic state, which is a sign for effi-
cient energy transfer in the tetramer. To investigate the exciton transfer pathways
we performed transient absorptionmeasurements with selective excitation of the
exciton bands and coherent 2D electronic spectroscopy. The data show down-
wards energy transfer via parallel energy transfer pathways. A solvent compar-
ison reveals that the energy transfer times depend on the folding degree of the
supramolecular structure.

[1] A. Schulz and F.Würthner, Angew. Chem. Int. Ed., 61, e202114667 (2022)

MO 21.9 Thu 16:30 HS 3044
Following the Chlorophyll Coupled Dynamics with High-Level Multirefer-
ence X-ray Absorption Spectra— ∙Lena Bäuml and Regina deVivie-Riedle
—Department of Chemistry, LMUMunich, Germany
The omnipresent natural pigment chlorophyll is crucial for photosynthetic light-
harvesting. Its nonradiative relaxation from high-energy excited states to the
ground state is still not fully understood.
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In an already published study we could show that the Qx and Qy band
are strongly coupled via internal vibrations by applying grid-based wavepacket
quantumdynamics on representativeXMS-CASPT2 potential energy surfaces[1].
We accounted for the coupled nuclear and electron dynamics using the NEMol
ansatz developed in our group. Due to the strong coupling of the states we
found the electronic coherence to be present during the entire simulation time.
Transient X-ray absorption spectra (XAS) offer the possibility to resolve the ul-
trafast coupled dynamics experimentally. To predict the observed features we

simulated XAS for the magnesium and nitrogen K-edge of chlorophyll a at the
XMS-CASPT2 level of theory. We derived time-resolved XAS using a workflow
to combine the static XAS with the coupled NEMol dynamics[2]. Explicitly ac-
counting for the pump pulse we could follow the nuclear wavepacket dynamics
as well as predict the influence of the electronic coherence on the XAS.

[1] L. Bäuml et al., Phys. Chem. Chem. Phys. 24, 27212 (2022).
[2] L. Bäuml et al., J. Phys. Chem. A, 127, 9787 (2023).

MO 22: Poster: Molecules in Strong Fields
Time: Thursday 17:00–19:00 Location: Tent C

MO 22.1 Thu 17:00 Tent C
Dissociation Dynamics of Diiodomethane following XUV-induced inner-
shell ionisation — ∙F. Trost1, H. Lindenblatt1, S. Meister1, K. Schnorr1,
S. Augustin1, G. Schmid1, Y. Liu1, P. Schoch1, F. Hosseini2, M. Zmerli2, M.
Braune5, M. Kuhlmann5, S. Díaz-Tendero4, F. Martín4, R. Guillemin2,
M.-N. Piancastelli3, M. Simon2, T. Pfeifer1, C. D. Schröter1, and
R. Moshammer1 — 1Max-Planck-Institut für Kernphysik, Heidelberg —
2Sorbonne Université, Paris — 3Uppsala Universitet — 4Universidad Autónoma
de Madrid — 5DESY, Hamburg
Knowledge of de-excitation, charge redistribution and fragmentation of
molecules upon XUV irradiation is essential for our understanding of light-
matter interaction. Here, the sequential three-body fragmentation of di-
iodomethane (CH2I2) following 4d inner-shell ionisation of one iodine atom
is presented. The data was obtained by a time-resolved XUV-XUV pump-probe
measurement using the reactionmicroscope endstation at the free-electron laser
FLASH2 at DESY. In the two-step dissociation process of the CH2I2 molecule a
rotating intermediary state is identified through time-resolved 3D momentum
correlation of the fragments. These results are supported by classical as well as
quantum-mechanical simulations.

MO 22.2 Thu 17:00 Tent C
Energy and Charge Transfer in Xenon Dimers and Trimers after XUV-
photoionization at FLASH2— ∙Hannes Lindenblatt1, Kirsten Schnorr2,
Sven Augustin2, Severin Meister1, Florian Trost1, Patrizia Schoch1,
Georg Schmid1, Yifan Liu1, Markus Braune3, Marion Kuhlmann3,
Rolf Treusch3, Claus Dieter Schröter1, Thomas Pfeifer1, and Robert
Moshammer1 — 1Max-Planck-Institut für Kernphysik, Heidelberg — 2Paul
Scherrer Institut, Villigen, Schweiz — 3DESY, Hamburg
We investigated the relaxation dynamics of xenon dimers and trimers employ-
ing momentum coincidence spectroscopy at the reaction microscope beamline
FL26 at FLASH2. Using the grazing incidence split, delay and focusing optics,
an XUV-XUV pump-probe scheme was utilized to track dissociation dynamics.
On the poster, we present the measurement scheme and time-resolved results
for different fragmentation channels. For example, in dimer-fragmentation we
identified the role of radiative electron-transfer, and for trimers the so-called
electron transfer-mediated decay (ETMD3), where all three atoms are involved,
was observed as function of time.

MO 22.3 Thu 17:00 Tent C
Time-resolved Imaging of CH4 Fragmentation in Strong Laser Fields
— ∙Weiyu Zhang, David Vacas Chicharro, Nikolas Rapp, Thomas
Pfeifer, and Robert Moshammer — Max-Planck-Institut für Kernphysik,
Saupfercheckweg 1, 69117 Heidelberg, Deutschland
With a Reaction Microscope (ReMi) [1] the ionization and dissociation dynam-
ics ofmethane in strong laser fields were studied in a series of pump-probe exper-
iments. For the creation of temporally separated laser pulses and pulse shaping a
spatial light modulator (SLM) was used. It allows control of laser pulses in terms
of amplitude, polarization, and phase [2, 3]. By employing the SLM technique
we successfully compressed the laser pulses to below 10 fs and achieved a precise
control over the time-delay between the two pulses. Upon strong-field ionization
the molecule undergoes fragmentation and Coulomb explosion (CE) [4] and the
corresponding ionic fragments are collected with the ReMi. For example, in the
case of CE the initial inter-nuclear distances can be determined via the measure-
ment of final kinetic energies, and in pump-probe measurements the evolution
of the molecular geometry is visualized as function of time. Selected results will
be presented and discussed.

[1] J. Ullrich et al.,2003, Rep. Prog. Phys. 66, 1463-1545
[2] Stefanie Kerbstadt, 2016, MA thesis. Universität Oldenburg
[3] T Brixner and G Gerber, 2001, Opt. Lett. 26,557-559
[4] Larsen, J et al., 1998, J. Chem. Phys. 109, 8857-8863

MO 22.4 Thu 17:00 Tent C
Dynamics of Molecules in Intense Laser Fields Studied with a Reaction Mi-
croscope — ∙Martín Garro, Arne Senftleben, and Jochen Mikosch —
Institut für Physik, Universität Kassel, Heinrich-Plett-Straße 40, 34132 Kassel,
Germany
Intense laser fields can drive coherent electronic dynamics in a molecule on
a timescale faster than the optical cycle of the light field. Electron wavepack-
ets released by field-assisted tunneling ionization can be accelerated and driven
back to the ion core with substantial energy by the action of the oscillating laser
field. Different attosecond processes may ensue upon return of the continuum
wavepacket. Here we are particularly interested in the aspect of a laser-driven
scattering experiment which leads to the diffraction of the wavepacket encoding
structural information on the molecule.

A Reaction Microscope allows us to experimentally investigate the electron
dynamics of molecules exposed to strong ionizing fields with coincidence detec-
tion of electron and ion momenta. On the one hand side, we will present our
previous work on laser-driven rescattering with two different, simultaneously
created electron wavepackets in the 1,3-butadiene molecule. We show that the
return probability of the electron depends on the molecular frame and contains
structural information of the ionized orbital. On the other hand we will discuss
our progress towards recollision and diffraction experiments on chiral molecules
at the University of Kassel.

MO 22.5 Thu 17:00 Tent C
Electron-nuclear energy sharing through low-energy inelastic recollisions in
dissociative multiphoton ionization of D2 — ∙SebastianHell1, GerhardG.
Paulus1,2, and Matthias Kübel1,2 — 1Institute for Optics and Quantum Elec-
tronics, Universität Jena, D-07743 Jena, Germany — 2Helmholtz Institute Jena,
D-07743 Jena, Germany
Inelastic electron recollisions are known to contribute to high (i.e. several eV)
kinetic energy release (KER) ion emission from D2 in strong laser fields. Low-
KER ion emission (i.e. up to few eV), however, is typically understood to result
from single or multiphoton absorption from the laser field. Using coincidence
detection of the correlated final states of photoelectron and ionic fragments, we
investigate the dissociative ionization of D2 in an intense 515 nm laser field with
a half-frequency perturbation. Our experimental results show unambiguous fin-
gerprints of low-energy inelastic electron recollisions contributing to dissocia-
tion of D+

2 , even at KER below 1 eV. Our observations provide evidence for vibra-
tional excitation and dissociative electron capture following laser-driven electron
collisions.

MO 22.6 Thu 17:00 Tent C
Time-resolvedmeasurement of laser-induced dissociation of the argon dimer
cation with a two-color pump-probe scheme — ∙Bo Ying1,2,3, Giorgio
Visentin2,3, Matthias Kübel1,2, Stephan Fritzsche2,3,4, and Gerhard G
Paulus1,2,3 — 1Institute of Optics and Quantum Electronics, Friedrich Schiller
University Jena, Max-Wien-Platz 1, 07743 Jena, Germany — 2Helmholtz Insti-
tute Jena, Fröbelstieg 3, 07743 Jena, Germany — 3GSI Helmholtzzentrum für
Schwerionenforschung GmbH, Planckstraße 1, 64291 Darmstadt, Germany —
4Institute for Theoretical Physics, Friedrich Schiller University Jena, Max-Wien-
Platz 1, 07743 Jena, Germany
We present the time-resolved measurements of the photodissociation dynamics
in the argon dimer cation Ar+2 , utilizing a pump-probe technique involving two
different colors. In the experiment, the first laser pulse dissociates the generated
Ar+2 ions, and the consequent dynamics are probed by a time-delayed second
pulse. In contrast to the previous measurements of the simplest molecular ion
H+

2 , the delay-dependent kinetic energy distribution of the fragments not only
shows the breakage of Ar+2 on the femtosecond time scale, but also reveals some
intriguing features. Calculations of the potential energy curves of Ar+2 and Ar2
help to understand the origin of such features, which results from the inherent
multielectron nature of these heavy ions. This capability paves the way to inves-
tigate the temporal dynamics of hitherto unexplored molecular ion targets.
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MO 22.7 Thu 17:00 Tent C
Studies on the construction of a neon recycling system for High Harmonic
Generation — ∙Ron Ducke, Maximilian Pollanka, Maximilian Forster,
and Reinhard Kienberger—Chair for Laser and X-Ray Physics E11, Techni-
cal University Munich, Germany
The poster deals with a current project in which a neon recycling system is be-
ing implemented in our attosecond laboratory. In that, high harmonics, which
are high-energy ultrashort light pulses, are generated in a vacuum chamber. For
this purpose, neon gas is fed into this chamber and a pulsed near-infrared laser
is focused on it. This produces the aforementioned high harmonics. By super-
imposing these pulses with the near-infrared laser pulse, physical effects can be
measured in the attosecond range. This measurement technique is known as
”attosecond streaking”. The consumption of the required neon gas is one of the
main costs of operating the laboratory (ca. 40.000¤ in 2022). Previously, the gas
was released into the exhaust air after passing through the chamber. The current
attempt is to implement a recirculation of the neon gas. My efforts are aimed
at reducing neon consumption and making the laboratory more sustainable on
the one hand, but also massively reducing the costs of running the laboratory on
the other. The first step is to collect the gas from the chamber and analyze its
composition. The required set-up includes three pumps, a gas sampling bag and
a measuring chamber with a mass spectrometer.

MO 22.8 Thu 17:00 Tent C
Attosecond ElectronDynamics of Surface-Oriented Iodomethane on Pt(111)
— ∙Sven-Joachim Paul1, Pascal Scigalla1, Christian Schröder1, Kon-
stantin Seidenfus1, Peter Feulner2, and ReinhardKienberger1 — 1Chair
for laser and x-ray physics, E11, Technische Universität München, Germany —
2Surface and Interface Physics, E20, Technische Universität München, Germany
We report on attosecond streaking measurements of the electron photoemission
process from Pt(111) surfaces covered in well-oriented iodomethane molecules.

Attosecond streaking allows for the measurement of relative time delays in pho-
toemission from two energetically different bound electronic states. For this ex-
periment, the photoemission from the platinum valence band has been timed
against the photoemission of the iodine 4d orbital in iodomethane. A routine
has been developed to control the self-assembly surface orientation process of the
adsorbed iodomethane molecules by varying the coverage of the Pt(111) crystal.
Depending on the surface coverage, iodomethane aligns vertically or horizon-
tally on the surface. This enables the study of photoemission dynamics through
awell-oriented potential. Attosecond streaking has then been systematically per-
formed for nine different surface coverages, most of them in the sub-monolayer
regime. With that, first-ever insights into the influence of adsorbate potential
orientation and density on photoemission delay were possible.

MO 22.9 Thu 17:00 Tent C
Attosecond Chronoscopy of CO-Structures on Pt(111) — ∙Konstantin Sei-
denfus, Pascal Scigalla, Sven-Joachim Paul, and Reinhard Kienberger
— Chair for Laser and X-Ray Phyisics, E11, Technische Universität München,
Germany
This work investigates time delays occuring in the electron photoemission pro-
cess of a Carbon-monoxide-covered Pt(111)-Surface, for which the attosecond
streaking technique is used. The relative time delay in photoemission of multi-
ple energetic differently bound electronic states can be measured with this tech-
nique. In this case, the platinum valence band is measured against the carbon
valence band, at different coverages. A routine for sub-monolayer accurate, re-
producible surface coverages of CO is developed and testet with TPD. Carbon
monoxide has previously been investigated in the gas phase, where it was mea-
sured against a helium reference. CO orients itself vertically on the surface of
the platinum crystal, whereas in gas the orientation is incoherent. This enables
one to gain additional insight into the physical effect of an oriented potential on
the photoemission process.

MO 23: Poster: Chirality
Time: Thursday 17:00–19:00 Location: Tent C

MO 23.1 Thu 17:00 Tent C
Towards perfect enantiomer-specific state transfer of chiral molecules —
∙Elahe Abdiha, Juhyeon Lee, Johannes Bischoff, Daniel Fontoura Bar-
roso, Boris Sartakov, Gerard Meijer, and Sandra Eibenberger-Arias
— Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, 14195
Berlin, Germany
Chiral molecules are important in many chemical and biological processes
and are also at the heart of some fundamental physics questions. Recently,
enantiomer-specific state transfer (ESST) was experimentally demonstrated
[1,2]. Here, the application of three mutually orthogonally polarized microwave
fields yields enantiomer-specific population control in a chosen quantum state
that is part of a triad of rotational states. I will present our recent work on ESST,
where we largely overcome the previous limitation due to initial thermal popu-
lation by combining ESST with optical methods [3]. By depleting the target state
using resonant UV light prior to ESST we achieve state-specific enantiomeric
enrichment in the order of 50%. Importantly, we quantitatively study ESST, ex-
plicitly including the role of spatial degeneracy. I will also discuss our recent
study on the influence of microwave pulse conditions on ESST [4]. Extensions
to our scheme will allow to create a molecular beam with an enantiomer-pure
rotational level, holding great prospects for future spectroscopic and scattering
studies.

[1] Eibenberger et al, PRL 118, 123002 (2017) [2] Pérez et al, Angew. Chem.
Int. Ed. 56, 12512 (2017) [3] Lee et al, PRL 128, 173001 (2022) [4] Lee et al,
arxiv: 2310.11120 (2023)

MO 23.2 Thu 17:00 Tent C
Intensity dependence of PECD using near-ultraviolet femtosecond laser
pulses — ∙Sudheendran Vasudevan, Han-gyeol Lee, Eric Kutscher, Si-
monT. Ranecky, Nicolas Ladda, TonioRosen, SagnikDas, Till Stehling,
JayantaGhosh, AntonN. Artemyev, Hendrike Braun, Arne Senftleben,
PhilippV.Demekhin, and ThomasBaumert—Institut für Physik, Universität
Kassel, Heinrich-Plett-Str. 40, 34132 Kassel
Exploiting an electric dipole effect in ionization, photoelectron circular dichro-
ism (PECD), i.e., an asymmetry in the photoelectron angular distribution along
the light propagation, is a highly sensitive enantioselective spectroscopy for
studying chiral molecules in the gas phase using either single-photon [1] or
multiphoton ionization [2]. In the latter case, resonance-enhanced multipho-
ton ionization (REMPI) gives access to intermediate electronic states [3]. The
PECD sensitivity opens the door to study control of the coupled electron and
nuclear motion in enantiomers. A prerequisite is the detailed understanding of
PECD in REMPI schemes. In this contribution, we demonstrate the intensity-
dependence of PECD on fenchone via 2+1 REMPI using 30 fs near-ultraviolet

laser pulses centered at 396 nm. We find that the magnitude of LPECD decreases
with the linear increase in the FWHM of the photoelectron spectra.
[1] Böwering, N. et al. Phys. Rev. Lett. 86, 1187 (2001).
[2] Lux, C. et al. Angew. Chem. Int. Ed. 51, 5001*5005 (2012).
[3] Lee, H.-g. et al. PCCP 24, 27483*27494 (2022).

MO 23.3 Thu 17:00 Tent C
Photoelectron circular dichroism after O1s ionization in sec-butyl
trimethylsilylether — ∙Christina Zindel, Emilia Heikura, Catmarna
Küstner-Wetekam, Lutz Marder, Johannes Viehmann, Denis Kargin,
Rudolf Pietschnig, Andreas Hans, and Arno Ehresmann — Institut für
Physik and CINSaT, University of Kassel, Heinrich-Plett-Str. 40, 34132 Kassel,
Germany
Following ionization with circularly polarized radiation, randomly oriented
enantiomers show a forward-backwards asymmetry in their photoelectron an-
gular distribution (PAD) with respect to the light’s propagation direction. This
effect is described as photoelectron circular dichroism (PECD) — a powerful
tool to examine the molecular chirality of gas-phase samples. In our studies, we
use a velocity map imaging spectrometer (VMI) along with synchrotron radi-
ation to investigate the chiral molecule sec-butyl trimethylsilylether (C4H9-O-
Si3(CH3)). When varying the distance between the stereocenter and the silicon
atom by subsequently inserting CH2 groups in between, it is of interest whether
the PECD magnitude changes after ionization of the O1s orbital, because al-
though the length of the molecule varies in this case, for oxygen, its geometry
with respect to the stereocenter remains the same.

MO 23.4 Thu 17:00 Tent C
Coherent Control of Photoelectron Circular Dichroism using Two-color
Laser Pulses — ∙Till Stehling, Hangyeol Lee, Sudheendran Vasude-
van, Simon Ranecky, Nicolas Ladda, Tonio Rosen, Sagnik Das, Jayanta
Ghosh, Hendrike Braun, Arne Senftleben, and Thomas Baumert—Uni-
versität Kassel Institut für Physik Heinrich-Plett-Str. 40 34132 Kassel/Germany
We study two-pathway interference in multiphoton ionization of fenchone. By
employing two pulses at 380 nm and 440 nm, two distinct (2+1) resonance-
enhanced multiphoton ionization (REMPI) pathways via the 3s and the 3p band
of fenchone are simultaneously driven. The ionization out of these states can
result in the same final continuum state, such that the which-way-information
is unknown, and interference can be observed. Photoelectron energy-spectra
(PES) show three distinct peaks attributed to different ionization pathways.
One of which exhibits a dependence on the temporal delay between the two
pulses. These preliminary results may indicate a successful implementation of
two-pathway interference during the ionization of fenchone. Future experi-
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ments will be concerned with the influence of such interference effects on the
photoelectron-circular-dichroism (PECD) of fenchone as they present a possi-
ble method to implement control schemes in chiral photophysics.

MO 23.5 Thu 17:00 Tent C
Experimental setup to study enhancement of circular dichroism in ion yield
of 3-methyl cyclopentanone via tailored femtosecond laser pulses— ∙Sagnik
Das, Jayanta Ghosh, Sudheendran Vasudevan, Hangyeol Lee, Nicolas
Ladda, Simon Ranecky, Tonio Rosen, Till Stehling, Fabian Westmeier,
Arne Senftleben, Thomas Baumert, and Hendrike Braun — Institut für
Physik, Universität Kassel
Femtosecond laser pulses were employed to ionize 3-methyl cyclopentanone (3-
MCP) in the home-built time-of-flight mass spectrometer. A ‘twin peak’ mea-
surement technique [1] was utilized, to obtain ion yields from left and right cir-
cularly polarised laser pulses in the same laser shot. Such a technique reduces
the statistical error of measurement and allows for simultaneous chirp compen-
sation in both left and right-handed light. Circular dichroism in ion yield (CDIY)
is the difference in ion yield from the left and right circularly polarised light for
a given enantiomer [2,3]. Switching the enantiomer, the sign of CDIY is flipped.
At the wavelengths where we performed the experiments, a 1+1+1 resonance-
enhanced multiphoton ionization in 3-MCP takes place via the π∗ ← n band,
which exhibits a strong circular dichroism. It was found that linear chirp en-
hances the CDIY.We systematically investigated the reason behind the enhance-
ment of CDIY for chirped pulses.

[1] T. Ring et al., Rev. Sci. Instrum., 92, 033001, 2021
[2] U. Boesl and A. Bornschlegl, ChemPhysChem, 7, 2085, 2006
[3] H. G. Breunig et al., ChemPhysChem, 10, 1199, 2009

MO 23.6 Thu 17:00 Tent C
Time-Resolved Circular Dichroism Spectroscopy with Ultrafast Broadband
Circularly Polarized Laser Pulses— ∙Karina Heilmeier1, Emely Freytag2,
Christina Kaufmann2, FrankWürthner2, Christoph Lambert2, and To-
bias Brixner1 — 1Institut für Physikalische und Theoretische Chemie, Univer-
sitätWürzburg, AmHubland, 97074Würzburg, Germany— 2Institut fürOrgan-
ische Chemie, Universität Würzburg, Am Hubland, 97074 Würzburg, Germany
Chiral exciton states that have a small dipole strength have only weak contri-
butions in linear absorption spectroscopy. However, such states can be well re-
solved with circular dichroism spectroscopy. Analogously, time-resolved circu-
lar dichroism (TRCD) spectroscopy may give information on the ultrafast dy-
namics of these exciton states which cannot be resolvedwith non-chiral transient
absorption spectroscopy.[1]

Here, we report a TRCD setup based on the pump–probe approach employing
ultrafast broadband white-light probe pulses with left- and right-handed circu-
lar polarization. The circular polarization is induced by a polarization grating.
In TRCD one measures the difference in absorption of left- and right-circularly
polarized light of the excited and non-excited states. To investigate the dynamics
of chiral excitons, measurements were carried out on a chiral squaraine dimer
and a chiral perylene bisimide dimer, both exhibiting excitonic coupling.

[1] L. Ress, P. Malý, J. B. Landgraf, D. Lindorfer, M. Hofer, J. Selby, C. Lambert,
T. Renger, T. Brixner, Chem. Sci. 14, 9328 (2023).

MO 23.7 Thu 17:00 Tent C
Electron correlation in circular dichroism and chirality-induced spin se-
lectivity — ∙Raoul M. M. Ebeling1, Maurice Béringuier1, Vladimiro
Mujica2, Daniel M. Reich1, and Christiane P. Koch1 — 1Freie Universität
Berlin, Berlin, Germany — 2Arizona State University, Arizona, United States of
America

We study two phenomena related to the interaction of chiral molecules with
circularly polarized light, absorption circular dichroism (CD), and chirality-
induced spin selectivity (CISS). We investigate both phenomena in chiral hy-
drogen and chiral helium, two model systems into which we introduce chirality
via an artificial chiral potential. The chiral potential is constructed from a su-
perposition of spherical harmonics and it can be interpreted as a way to mimic
the chiral environment of a real molecule. Alternatively, our chiral hydrogen and
chiral heliummodels could even be experimentally realized by placing the atoms
in a setup involving several electric fields. Quantifying the chirality of the po-
tential with a suitable measure, we find that it can be tuned via the coefficients in
the spherical harmonics expansion. We investigate the influence of the strength
of the chiral potential, the strength of the spin-orbit coupling, and the strength
of the electron-electron interaction on both CD and CISS.

MO 23.8 Thu 17:00 Tent C
Towards Comparing the PECD Effect in Closed-Shell and Open-Shell Chiral
Molecules — ∙Viktoria K. Brandt, André Fielicke, Gerard Meijer, and
Mallory Green — Department of Molecular Physics, Fritz Haber Institute of
the MPG, Berlin
PhotoelectronCircularDichroism (PECD) is a chiral optical effect thatmanifests
in the angle-dependent photoemission of an electron upon irradiation of a chi-
ral molecule by circularly polarized light. A PECD effect in anions was observed
for the first time in 2021, showing that forces other than long-range coulombic
interactions can yield a measurable PECD effect. To further explore the effect of
short-range forces, as well as the universal electron dynamics that govern PECD,
1-phenylethanol was investigated as a closed-shell deprotonated anion, a dehy-
drogenated, neutral radical and a closed-shell neutral. A photoelectron spectrum
of the anion showed the presence of only two deprotonated tautomers. How-
ever, the landscape of radical isomers, formed by reaction with fluorine atoms,
is calculated to be complicated and includes a large number of achiral species,
making a comparison to the closed-shell species difficult. In the energy region
that overlaps with predicted spectra of chiral isomers, photoionization of the
radical enantiomers shows a reversal of a small PECD effect. However, statistics
of this effect are low and confirmation of this effect is still inconclusive. At this
point, only the closed-shell neutral has a confirmed PECD measured at around
5%. Further work will focus on obtaining a PECD of the closed-shell anion and
identifying new molecular targets with less complicated isomeric landscapes.

MO 23.9 Thu 17:00 Tent C
RamanOptical Activity Of Glucose— ∙KlausHofmann, LuisaMartin, and
Ingo Fischer—Universität Würzburg, 97074 Würzburg, Germany
Raman Optical Activity (ROA) is a type of vibrational circular dichroism: chiral
samples show different Raman intensities when utilizing circular polarized light.
The ROA signal is very sensitive to the molecular geometry and environment
of the sample, but also exhibits high levels of noise and false signals, since the
intensity difference is roughly 0.1% of the corresponding Raman peak.

Using a custom built cost-efficient ROA spectrometer, the signal of the two
glucose enantiomers in aqueous solution was recorded, with exposure times of
one week each. Python was used to automate the setup modulation, data acqui-
sition and post-processing. The result agrees with literature and matches spectra
acquired on commercially availible spectrometer.

MO 24: Poster: Experimental Techniques
Time: Thursday 17:00–19:00 Location: Tent C

MO 24.1 Thu 17:00 Tent C
Ionic Liquids with Three-Valent Cations: Spectroscopic Studies Towards
Their Use as Reaction Media — ∙Max Scahdenfroh, Carina Allacher,
Selina Reigl, Manuel Rothe, Werner Kunz, and Patrick Nürnberger
— Institut für Physikalische und Theoretische Chemie, Universität Regensburg,
93040 Regensburg
Ionic liquids (ILs) are defined as salts with a melting point below 100 ∘C [1]. ILs
are multifaceted systems with highly customizable physical and chemical prop-
erties, and thus offer a plethora of applications. While classical ILs are often
toxic and environmentally harmful, a new class of ILs was introduced in 2018 [2],
which better satisfies the principles of Green Chemistry. These compounds rely
on the COncept of Melting Point Lowering due to EThoxylation (COMPLET).
More recently, this concept could be extended to three-valent cations [3].
Here, we present spectroscopic studies of ionic liquids containing Eu3+ , Y3+ ,
and La3+ cations. Combining excitation and emission spectroscopy, an energy

transfer from the anionic ligand to the metal upon photoexcitation can be cor-
roborated. This ligand-metal interaction may be exploited in photochemical
organic synthesis by utilization of these ILs as solvent environment. The ap-
proach to combine catalyst and solvent in one compound could be beneficial for
confinement-controlled synthesis and an alternative to conventional photocata-
lysts.
[1] H. Weingärtner, Angew. Chem. Int. Ed. 47, 654–670 (2008).
[2] E. Müller et al., J.Mol. Liq. 251, 61–69 (2018).
[3] M. Rothe et al., Chem. Eur. J., 27, 13052–13058 (2021).
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MO 24.2 Thu 17:00 Tent C
Ultrafast dynamics of Metanil Yellow studied by time-resolved transient
absorption and XUV photoelectron spectroscopies in solution — ∙Alina
Khodko1,4, Matthew Mgbukwu3, Camilo Granados1,3, Evgenii Titov2,
Nataliia Kachalova4,5, Valerii Voitsekhovych4, Igor Dmytruk4,6, Ste-
fan Haacke3, Oleg Kornilov1, and Jérémie Léonard3 — 1Max Born In-
stitute, Berlin, Germany— 2Institute of Chemistry, University of Potsdam, Ger-
many— 3Institut de Physique et Chimie desMatériaux de Strasbourg, Université
de Strasbourg, France— 4Institute of Physics, Kyiv, Ukraine— 5L.M. Litvinenko
Institute of Physical and Organic Chemistry and Coal Chemistry, Kyiv, Ukraine
— 6Taras Shevchenko National University of Kyiv, Ukraine
The excited-state dynamics of the Metanil Yellow (MY) were studied by ultrafast
transient absorption (TA) spectroscopy and state-of-the-art XUV time-resolved
photoelectron spectroscopy (TRPES). Here the TA experiments were carried out
with two excitation wavelengths, λ=370 nm and λ=490 nm, to investigate the
non-hydrated and hydrated forms of the molecule and reveal differences in their
dynamics in two solvents: water and ethanol. In TRPES experiments the dynam-
ics were studied in water solution, using a λ=400 nm pump, thus exciting both
forms. In general, the timescales from the TRPES experiments are in good agree-
ment with the results from the TA measurements. Based on quantum chemical
calculations, the dynamics are tentatively assigned to the S2*S1 conversion fol-
lowed by relaxation to a long-lived state, the nature of which remains to be con-
firmed.

MO 24.3 Thu 17:00 Tent C
A through-flow cell for highly-resolved Stark effect measurements of Ryd-
berg states in thermal nitric oxide — ∙Florian Anschütz1, Ettore Eder1,
Fabian Munkes1, Alexander Trachtmann1, Philipp Hengel2, Yannick
Schellander3, Patrick Schalberger3, Matthew Rayment4, Stephen
Hogan4, Norbert Fruehauf3, Jens Anders2, Robert Löw1, Tilman Pfau1,
and Harald Kübler1 — 15. Physikalisches Institut, Universität Stuttgart,
Pfaffenwaldring 57, 70569 Stuttgart — 2Institut für Intelligente Sensorik und
Theoretische Elektrotechnik, Universität Stuttgart, Pfaffenwaldring 47, 70569
Stuttgart — 3Institut für Großflächige Mikroelektronik, Universität Stuttgart,
Allmandring 3b, 70569 Stuttgart — 4Department of Physics and Astronomy,
University College London, Gower Street, London WC1E 6BT, UK
We show the setup of a glass cell equipped for the electric readout of Rydberg
states in nitric oxide (NO) at room temperature. The field distribution is dis-
cussed and our results on both the Stark effect and the collisional shift and broad-
ening of Rydberg states in NO is presented.

MO 24.4 Thu 17:00 Tent C
Near field spectroscopy of molecular aggregates with topological phases —
∙SidharthaNayak, AritraMishra, and Alexander Eisfeld—Max Planck
Institute for the Physics of Complex Systems, Dresden, Germany
In this theoretical study, we focus on delocalized electronic excitonic states in
molecular aggregates, particularly those exhibiting topological phases. It has
been shown that a two-dimensional molecular aggregate, composed of two dif-
ferent sublattices and complex transition dipole moments, possesses topological
edge states [1]. However, these states are predominantly ’dark’ in traditional far-
field absorption spectra. We consider a typical scattering scanning optical near-
field microscopy (s-SNOM) setup, where the aggregate interacts with the near
field stemming from a metallic tip [2, 3]. With the help of s-SNOM, we can not
only excite these dark states but also record spatially resolved absorption spectra,
revealing clear signatures of both excitonic edge states and bulk states.
[1] J.Y. Zhou, S. K. Saikin, N.Y. Yao and A. Aspuru-Guzik, Nature materials 13,
1026-1032 (2014)
[2] X. Gao and A. Eisfeld, J. Phys. Chem. Lett. 9, 6003 (2018)
[3] S. Nayak, F. Zheng and A. Eisfeld, J. Chem. Phys. 155, 134701 (2021)

MO 24.5 Thu 17:00 Tent C
Installation of a hollow cathode molecular ion source — ∙Julian Rimatzki,
SimonReinwardt, andMichaelMartins—Universität Hamburg, Hamburg,
Deutschland
A research plan has been devised for studying inner-shell photoionization of
molecular ions with a small thermal energy at the photon-ion spectrometer
at PETRA III (PIPE)[1] of DESY in Hamburg. First result to characterise the
plasma of a hollow cathode ion source will be shown. Such a characterisation
can be obtained by studying COH+ and HCO+ isomers in the gas phase using
soft X-Ray spectroscopy. The challenge of forming ions in a higher geometrical

state like the COH+ can be solved by using a ion source with a plasma tempera-
ture below 18.000 K [2].

We are undergoing the construction and parametrization of our new Ion
source at the PIPE-setup. We will present first results to form homogeneous
ion beams with only one constitutional isomer.

[1] Schippers, S. et al., X-ray Spec., 2020, 49, 11.
[2] Nobes, R. H., Radom, L., Chem. Phys., 1981, 60, 1.

MO 24.6 Thu 17:00 Tent C
Characterization of a simple supersonic expansion source for small molec-
ular ions — ∙Lukas Berger1, Aigars Znotins1, Florian Grussie1,
Damian Müll1, Felix Nüsslein1, Arnaud Dochain2, Joffrey Fréreux2,
Xavier Urbain2, and Holger Kreckel1 — 1Max-Planck-Institut für Kern-
physik, 69117 Heidelberg, Germany — 2Institute of Condensed Matter and
Nanosciences, Université Catholique de Louvain, Louvain-la-Neuve, B-1248
Belgium
The Cryogenic Storage Ring (CSR) at the Max Planck Institute for Nuclear
Physics in Heidelberg is an electrostatic storage facility with a circumference of
approx. 35 m that can be cooled to cryogenic temperatures (∼4 K) by a closed-
cycle liquid helium unit. The blackbody radiation field is strongly reduced com-
pared to room-temperature experiments, and small infrared-active molecular
ions will cool to their lowest rotational states withinminutes in this environment,
allowing for experiments with ions in defined quantum states. However, some
astrophysically relevant molecular ions do not cool on accessible timescales, ow-
ing to the lack of a permanent dipole moment. To address this issue, we have
developed a simple supersonic expansion ion source, based on a commercial
pulsed valve and static discharge voltages. We have characterized the source per-
formance with N2O

+ ions, conducting experiments at the STARGATE setup at
UCLouvain (Louvain-la-Neuve, Belgium), which resulted in internal tempera-
tures between 40 K and 200 K. The ion source was then integrated into the ion
source platform of the CSR to deliver cold ions for merged beams experiments.
The design and performance will be presented.

MO 24.7 Thu 17:00 Tent C
Resonance Energy Transfer Involving Chiral Molecules andMacroscopic En-
vironment— ∙Janine C. Franz1,2, Stefan Yoshi Buhmann1, and A. Salam3

— 1University Kassel, Germany — 2University Freiburg, Germany — 3Wake
Forest University, Winston-Salem, USA
Resonance energy transfer between chiral molecules can be used to discriminate
between different enantiomers. The transfer rate between chiral molecules con-
sists of nondiscriminatory and discriminatory parts. We show that their ratio is
usually larger in the far zone regime and that the degree of discrimination can
be modified when considering a surrounding medium. We highlight the impor-
tance of local field effects on the degree of discrimination, predict the optimum
dielectric medium for general identical chiral molecules for discrimination, and
show that exotic media can even invert the discriminatory effect. When consid-
ering a chiral medium, the environment can actively participate in the discrim-
ination, but the local-field corrections become more involved. We show that the
local-field corrections in a chiral medium then lead to a surprising effect in the
discrimination.

MO 24.8 Thu 17:00 Tent C
Relayed hyperpolarization for zero- to ultralow-field nuclear magnetic reso-
nance— ∙Erik VanDyke1,2,3, James Eills1,2,3,4, Roman Picazo-Frutos1,2,3,
Kirill Sheberstov1,2,3,5, YinanHu1,2,3,6, Dmitry Budker1,2,3,7, and Danila
Barskiy1,2,3 — 1Helmholtz Institute Mainz, Mainz, Germany — 2Johannes
Gutenberg University, Mainz, Germany — 3GSI Helmholtz Center for Heavy
Ion Research, Darmstadt, Germany — 4Institute for Bioengineering of Catalo-
nia, Barcelona, Spain — 5Ecole normale superieure, Paris, France — 6Chinese
Academy of Sciences, Beijing, China — 7University of California at Berkeley,
Berkeley, USA
Zero- to ultralow-field nuclear magnetic resonance (ZULF NMR) provides rich
spectroscopic information in the absence of large magnetic fields. Still, signal
acquisition requires a bulk magnetic moment for detection. We demonstrate
that the parahydrogen-based Signal Amplification by Reversible exchange-Relay
method (SABRE-Relay) can be used to generate hyperpolarized analytes for
ZULF-NMR by observing J-spectra of methanol and ethanol (from vodka) at
natural 13C isotopic abundance. The magnetic-field dependence of SABRE effi-
ciency is also shown.
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MO 25: Novel Experimental Approaches
Time: Friday 11:00–12:45 Location: HS 3044

MO 25.1 Fri 11:00 HS 3044
Cryo-cooled beams of "small" macromolecules — ∙Jingxuan He1,2,3, Lena
Worbs1,2, Surya Kiran Peravali1,4, Armando D. Estillore1, Amit K.
Samanta1,3, and Jochen Küpper1,2,3 — 1Center for Free-Electron Laser Sci-
ence (CFEL), Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany —
2Department of Physics, Universität Hamburg, Germany — 3Center for Ultra-
fast Imaging (CUI), Universität Hamburg, Germany — 4Fakultät für Maschi-
nenbau, Helmut-Schmidt-Universität,Germany
We have demonstrated the preparation of cold and controlled beams of nanopar-
ticles and macromolecules that are desired for x-ray single particle diffractive
imaging (SPI) using the buffer-gas cell (BGC) cooling and aerodynamic focus-
ing techniques [1-2]. The cooling and control techniques we developed for
SPI can be extended to experiments to study the electron dynamics in com-
plex biomolecules on the few femtosecond timescale, such as charge and en-
ergy transfer following electronic excitation, where the details have not been
revealed so far [3]. We present an approach towards investigating the time-
resolved ultrafast dynamics in proteins with UV/VIS ultrashort-pulse lasers.
The photoexcitation-induced energy transfer, for instance, can be studied by
photofragmentation of cryogenically-cooled proteins with time-of-light mass
spectrometry and velocity-map-imaging.

[1] A. K. Samanta, et al., Structural dynamics 7, 024304 (2020)
[2] L. Worbs, et al., In preparation, (2024)
[3] H. Duan, et al., PNAS 114, 8493 (2017)

MO 25.2 Fri 11:15 HS 3044
Characterizing temperature, charging and adsorption dynamics of single
nanoparticles — ∙Björn Bastian, Sophia Leippe, Kleopatra Papagrigo-
riou, and Knut Asmis — Wilhelm-Ostwald-Institut, Linnéstraße 2, D-04103
Leipzig
Single nanoparticle (NP) techniques allow to probe intrinsic properties of
nanoparticles, but typically rely on surface deposition. Instead, we develop the
analysis of single NPs in the gas phase using a cryogenic radio-frequency ion trap
and UV/Vis or IR action spectroscopy. Absorption is indirectly monitored using
NP mass spectrometry (NPMS): the produced heat causes the loss of messenger
atoms or molecules that are adsorbed to the particle surface. Here, we present
current progress on controlling and characterizing the charge state, temperature
and surface coverage of single trappedNPs that will ease the implementation and
quantitative analysis of future experiments.

Inducing charge changes is crucial for absolute mass determination and facili-
tates control in long experiments (∼ days). Using a filament to emit electrons for
electron attachment or charge transfer—mediated by different collision gases at
different pressures—we demonstrate full control of the charge state of positively
charged silica NPs.

Characterizing binding sites and energies is an important goal for NP charac-
terization and essential for quantitative action spectroscopy. Extensive adsorp-
tion measurements on silica NPs are presented and we demonstrate in situ fluo-
rescence thermometry for semiconductor quantum dots. We will report on the
latest progress to simultaneously measure temperature and adsorption on single
fluorescent nanoplatelets.

MO 25.3 Fri 11:30 HS 3044
Laser-induced alignment of macromolecules and nanoparticles — ∙Lukas
Vincent Haas1,2,3, Xuemei Cheng1, Muhamed Amin1, Amit Kumar
Samanta1,2,3, and Jochen Küpper1,2,3 — 1Center for Free-Electron Laser Sci-
ence (CFEL), Deutsches Elektronen-Synchrotron DESY, Hamburg, Germany —
2Department of Physics, Universität Hamburg, Germany — 3Center for Ultra-
fast Imaging (CUI), Universität Hamburg, Germany
X-ray free-electron lasers (XFELs) promise to enable the diffractive imaging of
single molecules and nanoparticles, while image reconstruction remains a major
bottleneck in achieving atomic spatial resolution [1]. Laser-induced alignment
of nanoparticles andmacromolecules has the potential to improve the achievable
resolution by reducing the complexity of the diffraction volume search space and
push it toward the atomic scale [2]. Here, we will present quantitative compu-
tational modeling of nanoparticle alignment using classical mechanics and elec-
trodynamics [3] and first experimental evidence of laser-induced alignment of
tobacco mosaic virus (TMV) in a setup that is applicable to XFEL experiments
[4]. Furthermore, a recently conducted XFEL experiment provides first results
on diffractive imaging of laser-aligned TMV. Comparing computational and ex-
perimental results, we can conclude that a high degree of alignment is achieved
for TMV in our experiments.

[1] K. Ayyer, et al., Optica 8(1) (2021)
[2] J. C. H. Spence, et al., Phys. Rev. lett. 92, 198102 (2004)
[3] M. Amin, et al., arXiv:2306.05870 [physics], (2023)

MO 25.4 Fri 11:45 HS 3044
Charge density model for the interaction of molecules with vortex beams —
Mikhail Maslov1, Georgios M. Koutentakis1, ∙Mateja Hrast1, Oliver
H. Heckl2, and Mikhail Lemeshko1 — 1Institute of Science and Technology
Austria (ISTA), Klosterneuburg, Austria — 2Christian Doppler Laboratory for
Mid-IR Spectroscopy and SemiconductorOptics, Faculty Center forNano Struc-
ture Research, Faculty of Physics, University of Vienna, Austria
We present a new model for the interaction of molecules with the orbital angu-
lar momentum of light, which has long been argued to benefit structural studies
and quantum control of molecular ensembles. We derive a general description
of the light-matter interaction in terms of the coupling between spherical gra-
dients of the electric field and an effective molecular charge density that exactly
reproduces molecular multipole moments. Our model can accommodate for an
arbitrary complexity of the molecular structure and is applicable to any elec-
tric field, with the exception of tightly focused beams. Within this framework,
we derive the general mechanism of angular momentum exchange between the
spin and orbital angular momenta of light, molecular rotation and its center-of-
mass motion. We demonstrate that vortex beams strongly enhance certain ro-
vibrational transitions that are considered forbidden in the case of a non-helical
light.

MO 25.5 Fri 12:00 HS 3044
Investigation on the dynamics of single atom catalysis in superfluid he-
lium nanodroplets — ∙Wentao Chen, Brendan Wouterlood, and Frank
Stienkemeier— Institute of Physics, University of Freiburg, 79104 Freiburg
We introduce a new experimental approach on the dynamics of single atom
catalysis in superfluid helium nanodroplets. Single-atom catalysts have recently
emerged as a new type of catalysts which are comprised of one metal atom and
has different catalytic properties compared to bulk-particle catalysts. The com-
mon way to form single-atom catalysts is to isolate a single metal atom on a
supporting surface, which makes it difficult to characterize the catalytic activity
of the single atom and separate the influence of the surface. Superfluid helium
nanodroplets can be an ideal tool to form the isolatedmolecule-metal atom com-
plexes by doping the reactant molecule and the metal atom successively. Specif-
ically, we were able to form 1,8-octanediol- Aun(n=0-2) complexes without a
supporting surface by sequentially doping octanediol and a gold atom in he-
lium droplets. After ionizing the complexes by electron impact and comparing
the fragment, it has been found that the complexes with Au atoms prominently
produce C2H4+ in this dissociative reaction, while the complexes without Au
atoms have more diverse fragments: C2H4+, HCO+ and CH2OH+. We plan to
use femtosecond pump-probe spectroscopy and photoelectron-photoion coinci-
dence methods to study the real-time dynamics of the octanediol- Aun complex
during the reaction.

MO 25.6 Fri 12:15 HS 3044
Nanophotonics for precise mid-infraredmolecular spectroscopy— ∙Jérémie
Pilat1, Lucas Deniel1, Melissa A. Guidry2, Daniil M. Lukin2, Bingxin
Xu1, Kiyoul Yang2, Joshua Yang2, Jelena Vučković2, Theodor W.
Hänsch1,3, andNathaliePicqué1,4 — 1Max-Planck Institute ofQuantumOp-
tics, Garching, Germany— 2E. L. Ginzton Laboratory, StanfordUniversity, Stan-
ford, California, USA — 3Ludwig-Maximilian University of Munich, Faculty of
Physics, München, Germany — 4Max Born Institute, Berlin, Germany
A nanophotonic silicon-carbide waveguide on a 5x5mm2 chip dramatically sim-
plifies comb-assisted mid-infrared spectroscopy. The emerging 4H silicon car-
bide (SiC) on insulator platform provides a high refractive index, strong second-
and third-order optical nonlinearity, low losses, and a broad transparency range.
Here, a mode-locked laser at 1560 nm excites a dispersion-engineered SiC
waveguide. This simultaneously enables frequency-comb self-referencing with
an integrated f-2f interferometer and mid-infrared dispersive-wave frequency-
comb generation at low 120-pJ pulse energies. By stabilizing the carrier-envelope
offset frequency beatnote fceo provided by the integrated f-2f interferometer and
the repetition rate of the mode-locked laser, accurate tunable-laser molecular
spectroscopy of methane is demonstrated at 3.6 μm. Our new tool opens up new
opportunities for precision measurements in the mid-infrared molecular finger-
print region, where most molecules exhibit characteristic intense rovibrational
transitions, of interest to fundamental research and environmental sensing.

MO 25.7 Fri 12:30 HS 3044
Azobenzene based lipids as a tool to manipulate physiochemical proper-
ties of membrane mimetic systems via light — ∙Justin Hornbogen1, Ritu
Rajender2, Stefan Kins2, Annette Meister3, David Glück4, Sandro
Keller4, and RolfDiller1 — 1Phys. Dept., RPTU, 67663Kaiserslautern, GER.
— 2Human Biol. Dept., RPTU, 67663 Kaiserslautern, GER. — 3Inst. Biochem.
and Biotech., MLU, 06120 Halle, GER. — 4Inst. Molecular Bioscience (IMB),
Univ. of Graz, 8010 Graz, AUT.
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Regulation of physiological membrane properties is an auspicious approach to-
wards the treatment of various illnesses, e.g. Alzheimer disease (AD). Azoben-
zene (AB) decorated lipids are used to manipulate membranes by photoinduced
AB trans(E)/cis(Z)-isomerization. We present the photophysical switching be-
haviour of 18:0-azo-phosphatidylcholin incorporated into unilamellar phos-
phatidylcholine (POPC or DMPC) LUV’s and glycodiisobutylene/maleic acid
lipid particles (POPC- or DMPC-nanodiscs). In addition, we explore the physic-
ochemical impact of AB isomerization by means of methods like (transient)

UV/Vis spectroscopy, TEM, DLS and others. The self-assembling nanoparticles
can serve as a model system to investigate biochemical functionality of mem-
brane proteins in native-like biomembranes while altering membrane properties
such as structure, thickness, lateral pressure, permeability etc. through a light
stimulus. Ongoing purification and incorporation of APP and γ-secretase may
reveal an influence of AB isomerization on the generation of pathogenic amyloid
plaques and γ-secretase activity related to AD.

MO 26: Cluster
Time: Friday 14:30–16:00 Location: HS 3042

MO 26.1 Fri 14:30 HS 3042
Setup for time- and energy-resolved fluorescence measurements of col-
lective effects in polyacene aggregates attached to rare gas clusters —
∙Aleksandr Demianenko, MoritzMichelbach, Sebastian Hartweg, and
Frank Stienkemeier— Institute of Physics, University of Freiburg, Germany
Collective effects in organic semiconductors affect excited state lifetimes, im-
portant for organic optoelectronic and photovoltaic applications. A complete
understanding of the energy level structure, and decay mechanisms require high
spectral and temporal resolution. We present a setup combining conventional
laser-induced fluorescence (LIF) spectroscopy with time-correlated single pho-
ton counting (TCSPC) and discuss advantages and implementation challenges.
Using wavelength-tunable nanosecond dye laser pulses allows us to measure
high-resolution LIF spectra of transitions to highly excited states of tetracene em-
bedded in superfluid helium nanodroplets, or deposited on solid rare-gas clus-
ters. The newly implemented TCSPC detection in combination with a femtosec-
ond laser system is aimed at studying radiative and non-radiative decay mecha-
nisms connected to collective effects in aggregates of polyacenes. This technique
allows us to cover the sub-ns lifetime region not previously reachable in our flu-
orescence measurements.

MO 26.2 Fri 14:45 HS 3042
Investigation of the homogeneous linewidth of organic molecules on solid
rare-gas clusters— ∙ArneMorlok, UlrichBangert, Yilin Li, FelixRiedel,
Leonie Werner, Lukas Bruder, and Frank Stienkemeier — University of
Freiburg, Institute of Physics, Hermann-Herder-Str. 3, 79104 Freiburg, Germany
Doped rare-gas clusters are a well-established model system to study molecu-
lar systems. In order to harness the full potential of such cluster isolation tech-
niques, it is crucial to understand the residual system-bath interaction between
cluster and dopant. We employ two-dimensional electronic spectroscopy (2DES)
to study the interaction of organic molecules with solid rare-gas clusters, which
allows us to resolve the ensemble inhomogeneity and retrieve information about
the molecule-cluster binding configurations [1]. Previously, this approach was
applied to resolve the homogeneous linewidth of phthalocyanine molecules at-
tached to neon clusters and ultimately provided a deeper understanding of the
structural configurations in a nanoconfined system [2].

We extended this investigation in varying the cluster species and improving
the data acquisition scheme, since the previous measurements were limited by
long acquisition times. First results are presented, which suggest differences in
the homogeneous linewidth and dynamics depending on the cluster species.
[1] L. Bruder et al., J. Phys. B: At. Mol. Opt. Phys. 52 183501 (2019).
[2] U. Bangert et al., Nat. Commun. 13 3350 (2022).

MO 26.3 Fri 15:00 HS 3042
Collision dynamics and uptake of alcohol molecules by hydrated nitric acid
clusters — Yihui Yan1, Karolína Fárníková2, Andriy Pysanenko2, Eva
Pluhařová2, Michal Fárník2, and ∙Jozef Lengyel1 — 1TU München,
Garching, Germany — 2Czech Academy of Sciences, Prague, Czechia
Aerosol particles represent one of the most important, yet perhaps the least un-
derstood, components of our atmosphere. Due to their influence on global cli-
mate, there is a need for detailed kinetic data to be used in climate prediction
models. We have therefore developed a novel method for quantifying the up-
take process of various molecules by hydrated HNO3 clusters using a pickup
technique. Our experiment combines mass spectrometry of the clusters with ve-
locity measurements. However, the evaluation of the uptake cross sections from
the experimental data is based on simplifying assumptions about the molecule-
cluster collisions. We validate these assumptions through extensive MD simula-
tions. These calculations allow evaluation of the scattering and uptake processes
in the collisions, and subsequently the uptake cross sections can be derived and
compared to the experimental values. Herein, we examine the uptake of differ-
ent alcohol molecules by hydrated HNO3 clusters. We discuss the dependence
of uptake on the length of the carbon chain (i.e., size, mass, and hydrophobic-
ity) and on steric effects. The combination of experimental data with simulations
provides insight into the dynamics involved inmolecule-cluster collisions, which
is essential for validating our experimental approach.

MO 26.4 Fri 15:15 HS 3042
Mass SpectrometryAnalysis of Binary FormicAcid-WaterClusters uponCol-
lision with Electrons — ∙Kevin Li1, Jozef Ďurana2, Michal Fárník2, and
Jozef Lengyel1 — 1TU München, Garching, Germany — 2Czech Academy of
Sciences, Prague, Czechia
A significant portion of atmospheric particles is formed through the nucleation
and condensation of precursor gases in a process known as new particle for-
mation (NPF), where organic acids play a crucial role as key precursor gases
that enhance nucleation rates. It is, therefore, essential to understand the col-
lisions of gas-phase molecules with clusters and to establish protocols for ana-
lyzing these particles using mass spectrometry. This is particularly important
for hydrogen-bonded particles, as they frequently undergo extensive fragmen-
tation upon ionization. In our experiments, mixed clusters of formic acid and
water were produced in supersonic expansion and subsequently investigated by
mass spectrometry using different ionization methods, namely (i) the electron
ionization at 70 eV (EI) and (ii) the low energy electron attachment (EA). While
for positive ionizationmainly protonated clusters (H2O)n/(HCOOH)m/H

+ were
detected, negativemass spectroscopy revealed two species, (H2O)n/(HCOOH)-m
and (H2O)n/(HCOOH)m-1/HCOO- . Both techniques indicate that higher wa-
ter content in the solution results in clusters with a high degree of hydration and
fewer formic acidmolecules. Additionally, the fraction of the two anionic species
is influenced by cluster size, level of hydration, and electron energy. The detailed
behavior of ionization will be discussed in the presentation.

MO 26.5 Fri 15:30 HS 3042
Electron scattering in neutral water clusters — ∙Katinka Horn1, Svet-
lana Tsizin1, Loren Ban1, SebastianHartweg2, PetraHoffmann1, Egor
Chasovskikh1, Bruce L. Yoder1, and Ruth Signorell1 — 1ETHZ, Labora-
tory of Physical Chemistry, Switzerland — 2University of Freiburg, Institute of
Physics, Germany
Adetailed understanding of low-energy electron scattering inwater (with kinetic
energies below 100 eV) is crucial to modeling and controlling many processes
occurring in nature, ranging from atmospheric chemistry to radiation biology.
While condensed and gas phase electron scattering cross sections are known
for water, analogous data for scattering in water clusters is still missing. This
is the case even though clusters, often exhibiting unique/tunable properties, are
of great interest for bridging the gap between the gas and condensed phases.
The presented work is an extension and refinement of previous studies, provid-
ing more detailed information on electron scattering in neutral water clusters of
various sizes ionized with photon energies up to ~50 eV. Electron transport scat-
tering in water clusters was investigated by angle-resolved photoelectron spec-
troscopy. The scattering cross sections for themodel were retrieved from cluster-
size and energy resolved data contained in the photoelectron anisotropy parame-
ter β. We found larger electron scattering cross sections for clusters than for the
condensed phase, likely due to reduced dielectric screening in clusters. Good
agreement to experiment is achieved with a condensed phase scattering model,
using a kinetic energy and scattering channel dependent scaling of bulk cross
sections.

MO 26.6 Fri 15:45 HS 3042
Electron transfer processes and the formation of solvated dielectrons by
UV excitation in sodium-ammonia clusters — ∙Sebastian Hartweg1,2,
Jonathan Barnes3, Bruce L. Yoder3, Gustavo A. Garcia2, Laurent
Nahon2, Evangelos Miliordos4, and Ruth Signorell3 — 1Institute of
Physics, University of Freiburg, Germany — 2Synchrotron Soleil, St. Aubin,
France— 3DCHAB, ETH Zürich, Switzerland— 4Auburn University, Alabama,
USA
Solvated electrons play important roles in the origin and formation of radiation
damage in biological tissue as well as for large-scale chemical synthesis. Elec-
tron solvation has first been observed in alkali ammonia solutions. These systems
with their many peculiar concentration dependent properties[1-3] including the
formation of stable solvated dielectrons and a transition to a metallic phase, are
not well understood on a molecular level, despite the many studies conducted
on them.
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I will present our recent photoelectron/photoion coincidence study with sup-
port from quantum chemical calculations[4], in which we could identify differ-
ent electron transfer processes occurring in sodium ammonia clusters upon in-
teraction with UV and VUV radiation. Among these processes, the formation of
transient solvated dielectrons and their subsequent decay via an electron-transfer
mediated decay process constitutes the first direct observation of solvated dielec-
trons.

1.Zurek, E., et al. Angew. Chem. Int. Ed., 2009. 48(44)
2.Buttersack, T., et al. Science, 2020. 368(6495)
3.Hartweg, S., et al. Angew. Chem. Int. Ed., 2016. 55(40)
4.Hartweg, S., et al. Science, 2023. 380(6650)

MO 27: Ultrafast Dynamics III and High-harmonic Generation (joint session MO/A)
Time: Friday 14:30–16:30 Location: HS 3044

MO 27.1 Fri 14:30 HS 3044
Absolute photoemission timing in neon — ∙Maximilian Forster, Maxim-
ilian Pollanka, Christian Schröder, and Reinhard Kienberger—Chair
for laser and x-ray physics, E11, Technische Universität München, Germany
We measure the relative photoemission time delay between the Ne2p, Ne2s and
the Iodine 4d states in iodomethane utilizing attosecond streaking. This allows
us to experimentally determine the absolute time delay of neon 2s and 2p pho-
toelectrons for the first time. The delay of neon, being the first ever evidence
of atomic delay, has received repeated attention by both experimental and the-
oretical investigations due to the large cross section and convenient properties
of neon. While helium has been the gold standard for absolute time delay mea-
surements, enabled by remarkable theoretical agreement, due to spectral over-
lap helium cannot be used to reference neon. Recent developments, namely the
availability of different chronoscopes, enable measuring the absolute time delay
of neon. We take the path via iodomethane and the I4d core state, which has
been timed on an absolute scale, and use it to reference neon. The delay between
Ne2s and Ne2p can be extracted simultaneously, allowing for a positive consis-
tency check with previous experiments conducted only with neon. Timing neon
on an absolute scale allows an assignment of absolute values to these experiments
in retrospect and establishes neon as a chronoscope species.

MO 27.2 Fri 14:45 HS 3044
Isosteric molecules in the time-domain — ∙Maximilian Pollanka, Chris-
tian Schröder, Maximilian Forster, and ReinhardKienberger—Physik
Department, Technische Universität München, James-Franck-Str. 1, 85748
Garching, Germany
We report on absolute photoemission timing measurements on isosteric
molecules in the gas phase. Photoemission time delays are accessed via streak-
ing spectroscopy on attosecond timescales. To be able to (directly) access ab-
solute photoemission times of the respective outer and inner valence states of
N2O and CO2 we are using iodomethane (I4d) as a timing reference. In a com-
plementary study He was used as reference to cross-check the results as well as
to verify the usability of the respective chronoscope species. Due to the simi-
larities in molecular structure (isostericity) and electronic configurations (iso-
electronicity) between these investigated molecules, the pure effect of the spe-
cific molecular/orbital characteristics is expected to be probed. Additionally, N2
and CO is studied in the same way on the basis of their isosteric behavior. The
experimental data show great similar tendencies but also differences between
the compared molecular orbitals, which are determined but not completely un-
derstood up to now. Nonetheless, recent theoretical calculations hint towards
an additional channel coupling photoemission time delay contribution that can
be assigned to electron correlations responsible for re-disturbing the excitation
among different final photoionization channels.

MO 27.3 Fri 15:00 HS 3044
Attosecond time-resolved coincidence spectroscopy of ethylene— ∙Barbara
Merzuk1, David Busto1,2, Ioannis Makos1, Dominik Ertel1, Marvin
Schmoll1, Benjamin Steiner1, Fabio Frassetto3, Luca Poletto3, Robert
Moshammer4, Claus Dieter Schröter4, Thomas Pfeifer4, Serguei
Patchkovskii5, Jakub Benda6, Zdeněk Mašín6, and Giuseppe Sansone1 —
1Albert-Ludwigs-Universität Freiburg,Germany— 2Lund University,Sweden—
3CNR,Padova,Italy— 4MPIK,Heidelberg,Germany— 5MBI Berlin,Germany—
6Charles University,Prague,Czech Republic
Studying photoionization dynamics and characterising the time delays associ-
ated with the photoemission of an electron wave packet can unveil important
characteristics of coupled electronic-nuclear dynamics inmolecular systems. At-
tosecond photoelectron spectroscopy in combination with electron-ion coinci-
dence detection is beneficial since this allows disentangling the different pho-
toionization and dissociation channels. Additionally, it may give access to the
orientation of the molecule at the instant of photoionization. Using our ex-
perimental setup that consists of an attosecond beamline, based on high-order
harmonic generation operating at 50 kHz repetition rate, we investigate the
photoionization dynamics in ethylene molecules by performing RABBIT (Re-
construction of Attosecond Beating By Interference of Two-photon transitions)
measurements while detecting photoelectrons and photoions in coincidence.

The experimental results are interpreted with the help ofmulti-electron R-matrix
calculations of two-photon ionization.

MO 27.4 Fri 15:15 HS 3044
Probing well aligned molecular environments on surfaces via attosecond
streaking — ∙Pascal Scigalla1, Sven Paul1, Christian Schröder1, Pe-
ter Feulner2, and Reinhard Kienberger1 — 1Chair for laser and x-ray
physics, E11, Technische Universität München, Germany — 2Surface and In-
terface Physics, E20, Technische Universität München, Germany
We report on the photoemission timing measurements of well-aligned
iodomethane and -ethane molecules on a Pt111 surface. In this set of experi-
ments, we clock the I4d photoemission of iodine against the Platinum valence
photoemission using the attosecond streak camera technique, allowing the ex-
traction of a relative photemission delay. As the I4d photoemission in the se-
lected energy range is dominated by a giant resonance in the I4d → e f chan-
nel, its photoemission time is mostly unaffected by its chemical environment;
thus, any observed change in the photoemission delay can be attributed to the
traversed potential landscape of the molecule. By carefully selecting the de-
tection angle and crystal surface coverage we can reliably choose whether only
parts of the molecule or its entirety was traversed by the detected photoelectron
wavepackets. It is furthermore possible to investigate the influence of slight cov-
erage variations onto the observed photoemission delay. Planned, complemen-
tary scattering simulations will be used to gain deeper insight into the observa-
tions with the goal to establish photoemission timing experiments as an efficient
and accurate means to study molecular environments on surfaces.

MO 27.5 Fri 15:30 HS 3044
Automatic optimization of intense high-harmonic pulses — ∙José Gómez
Torres, Frederic Ussling, Simon Wächter, Alessandro Colombo, Linos
Hecht, Katharina Kolatzki, Alexandre Rosillo Vorsin, Mario Sauppe,
and Daniela Rupp — ETH Zurich, Laboratory for Solid State Physics, John-
von-Neumann-Weg 9, 8093 Zurich, Switzerland
High harmonic generation (HHG) allows the production of extreme ultraviolet
pulses ranging from picosecond up to attosecond timescales from intense in-
frared (IR) pulses, making it an invaluable tool for the study of ultrafast phe-
nomena. It has been recently demonstrated that HHG is capable of producing
pulses intense enough for diffraction experiments like coherent diffraction imag-
ing of isolated nanoparticles [1]. Very intense pulses of short time duration in
a stable delivery over hours are necessary for this, requiring a time-consuming
optimization of the experimental parameters. We developed a tool for the au-
tomatic optimization of HHG parameters, sweeping different geometric param-
eters of the setup and measuring for each step the pulse energy achieved. Due
to the complexity of simulating the specific conditions of the experiment, this
trial and error approach is a necessary final step to achieve the highest pulse en-
ergy. In order to optimize the XUV peak focal intensity, we perform electron
spectroscopy on a diffuse gas in the focus region. Via IR-XUV pump probe,
RABBITTmeasurements can be carried out for the temporal characterization of
pulses.

[1] D. Rupp et al., Nature Communication 8, 493 (2017)

MO 27.6 Fri 15:45 HS 3044
Orbital interference effects in low-order harmonic generation in benzene —
∙Samuel Schöpa, Falk-Erik Wiechmann, Franziska Fennel, and Dieter
Bauer—Universität Rostock, Rostock, Germany
We explore the impact of the driving laser’s ellipticity and polarization on the
low-order harmonic spectrum of benzene and find a strong interference in the
5th harmonic between emission originating from transitions between π orbitals
and emission from σ orbitals. The contribution of the π orbitals entirely van-
ishes due to interference for driving with a laser polarized along a σ mirror
axis. However, the π orbital’s contribution takes over for elliptic polarization
while being fundamentally different from the σ orbital emission, i.e., having the
opposite helicity and a perpendicular major polarization axis. The resulting in-
terference yields a complex dependence of the low-order harmonic spectrum of
benzene on the ellipticity and the polarization of the driving field.

117



Molecular Physics Division (MO) Friday

MO 27.7 Fri 16:00 HS 3044
Observation of HHG from organic molecular crystals — ∙Falk-Erik
Wiechmann1, Samuel Schöpa1, Alexander Villinger2, Dieter Bauer1,
and Franziska Fennel1 — 1Institute of Physics, Rostock, Germany —
2Institute of Chemistry, Rostock, Germany
This project aims at a detailed understanding of the harmonic generation pro-
cess in large organic molecules in the crystalline phase. Unlike previous studies,
which were limited to small molecules in the gas phase, we introduce organic
molecular crystals as a novel target for HH spectroscopy, taking advantage of
the inherent molecular alignment. Unlike in gas phase experiments, neighbor-
ing molecules in organic crystals experience a weak but finite coupling, leading
to ’solid like’ features, e.g. a delocalization of the electronic states over several
unit cells. With a fundamental 4000 nm mid-IR beam reaching 6 TW/cm2 we
demonstrate that HHG up to the order of 17 is possible without imposing phys-
ical damage. When the fundamental driving polarization is rotated, maxima of
harmonic emission occur at polarization directions parallel to connecting axes
between neighboring molecules, reflecting the crystal structure. Despite the lin-
early polarized driving field, the emitted harmonics exhibit elliptical polarization
with a main axis different from the fundamental polarization direction.

MO 27.8 Fri 16:15 HS 3044
High-order Harmonic Generation (HHG) in the nonadiabatic regime over
a sub-mm glass chip — ∙Sabine Rockenstein1,2, Agata Azzolin1,2, Gaia
Giovanetti2, Guangyu Fan2,3, Md Sabbir Ahsan2,4, Oliviero Cannelli2,
Lorenzo Colaizzi1,2,5, Erik P Månsson2, Davide Faccialà4, Fabio
Frassetto4, Dario W Lodi5, Cristian Manzoni4, Rebeca M Vàzquez4,
Michele Devatta4, Roberto Osellame4, Luca Poletto4, Salvatore
Stagira4,5, CaterinaVozzi4, VincentWanie2, Andrea Trabattoni2,6, and
Francesca Calegari1 — 1UHH (DE) — 2DESY (DE) — 3CUI (DE) — 4CNR
(IT) — 5Politecnico di Milano (IT) — 6Uni. Hannover (DE)
HHG-based sources are nowadays operating up to the soft-x spectral region. One
of the main challenges remains to extend the cut-off frequency while retaining
high-photon flux. Approaches based on the so-called nonadiabatic regime have
allowed to overcome phase matching limitations and achieve substantial cut-off
extension [1]. We present a new HHG source, operating with high driver laser
intensities (up to 1E16W/cm2) and a laser-micromachined glass cell allowing
for highly efficient gas confinement over 900 μm, to achieve nonadiabatic phase
matching. The setup was operated with both 800-nm and 1500-nm sub-35-fs
driving pulses. With the 800-nm driver, the HHG energy cutoff was extended to
100 eV in Argon and 180 eV in Neon, 160 eV were reached using the 1500-nm
driver in Argon. Our results highlight the potential of optimizing the nonadia-
batic regime for covering the water-window spectral region. [1] Johnson et al.,
Sci. Adv. 4(5), 2018
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Mass Spectrometry Division
Fachverband Massenspektrometrie (MS)

Yury A. Litvinov
GSI Helmholtzzentrum für Schwerionenforschung GmbH

Planckstraße 1
63291 Darmstadt
y.litvinov@gsi.de

Overview of Invited Talks and Sessions
(Lecture hall HS 3042; Poster Foyer Aula)

Invited Talks
MS 1.1 Mon 11:00–11:30 HS 3042 High precision determination of nuclear mass ratios of stable even Yb isotopes

to probe for fifth force mediators — ∙Menno Door, Lucia Ensmann, Pavel Fil-
ianin, ZoltánHarman, JostHerkenhoff, ChristophH. Keitel, KathrinKromer,
Daniel Lange, Chunhai Lyu, Jan Nägele, Alexander Rischka, Christoph
Schweiger, Sergey Eliseev, Klaus Blaum

MS 2.1 Mon 17:00–17:30 HS 3042 Measurement of the bound-state beta decay of 205Tl81+ ions at heavy-ion storage ring
— ∙RuijiuChen, JanGlorius, Guy Leckenby, YuryALitvinov, Maria Lugaro, Ric-
cardo Mancino, Mohammad Shahab Sanjari, Ragandeep Singh Sidhu, Balazs
Szanyi

MS 3.1 Tue 11:00–11:30 HS 3042 Recent Developments at CologneAMS— ∙DennisMücher
MS 5.1 Wed 11:00–11:30 HS 3042 Laser spectroscopy studies of heavy actinides— ∙Dominik Studer
MS 6.1 Wed 17:00–17:30 HS 3042 Can we tame neutrons with a storage ring? — ∙Iris Dillmann
MS 7.1 Thu 11:00–11:30 HS 3042 High-precisionmass measurements for nuclear structure and nuclear astrophysics—∙Anu Kankainen
MS 9.1 Fri 11:00–11:30 HS 3042 Influx of interstellar 60Fe and 244Pu onto Earth within the last 10 million

years recorded in a ferromanganese crust — ∙Dominik Koll, Anton Wallner,
Michael Hotchkis, Sebastian Fichter, L. Keith Fifield, Michaela Froehlich,
Michi Hartnett, Johannes Lachner, Stefan Pavetich, Georg Rugel, Zuzana
Slavkovska, Steve Tims

Invited Talks of the joint Symposium SAMOP Dissertation Prize 2024 (SYAD)
See SYAD for the full program of the symposium.

SYAD 1.1 Mon 14:30–15:00 Paulussaal Quantum steering of a Szilárd engine— ∙Konstantin Beyer
SYAD 1.2 Mon 15:00–15:30 Paulussaal Does a disorderedHeisenberg quantum spin system thermalize? — ∙Titus Franz
SYAD 1.3 Mon 15:30–16:00 Paulussaal Quantum optical few-mode models for lossy resonators— ∙Dominik Lentrodt
SYAD 1.4 Mon 16:00–16:30 Paulussaal Non-Hermitian topology and directional amplification— ∙ClaraWanjura

Invited Talks of the joint Symposium Coulomb Explosion Imaging (SYCE)
See SYCE for the full program of the symposium.

SYCE 1.1 Tue 11:00–11:30 Paulussaal Dissociation of halogenated organic molecules induced by soft X-rays – pathways
and early stages— ∙Edwin Kukk

SYCE 1.2 Tue 11:30–12:00 Paulussaal X-ray induced Coulomb explosion imaging with channel-selectivity — ∙Rebecca
Boll

SYCE 1.3 Tue 12:00–12:30 Paulussaal Time-resolved Coulomb Explosion Imaging using X-ray Free-Electron Lasers —∙Till Jahnke
SYCE 1.4 Tue 12:30–13:00 Paulussaal Dynamics and control of microsolvated biomolecules studied by Coulomb explo-

sion imaging— ∙Sebastian Trippel, Jochen Küpper
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Prize Talks of the joint Awards Symposium (SYAS)
See SYAS for the full program of the symposium.

SYAS 1.1 Tue 15:00–15:30 Paulussaal Quantum Simulations with Atoms, Molecules and Photons— ∙Immanuel Bloch
SYAS 1.2 Tue 15:30–16:00 Paulussaal Spectroscopyofmoleculeswith large amplitudemotions: a journey frommolecular

structure to astrophysics. — ∙Isabelle Kleiner
SYAS 1.3 Tue 16:00–16:30 Paulussaal Quantum x-ray nuclear optics: progress and prospects— ∙Olga Kocharovskaya
SYAS 1.4 Tue 16:30–17:00 Paulussaal 3D printed complex microoptics: fundamentals and first benchmark applications

— ∙Harald Giessen

Invited Talks of the joint Symposium Size Selected Metal Cluster Spectroscopies (SYMC)
See SYMC for the full program of the symposium.

SYMC 1.1 Thu 11:00–11:30 Paulussaal Infrared spectroscopic studies ofmolecular activation atmetal clusters— ∙Stuart
Mackenzie

SYMC 1.2 Thu 11:30–12:00 Paulussaal Dynamic metal-metal cooperation in chemical reactions— ∙Jana Roithová
SYMC 1.3 Thu 12:00–12:30 Paulussaal A closer look at the electronic structure of simple metal clusters — ∙Bernd von

Issendorff
SYMC 1.4 Thu 12:30–13:00 Paulussaal IR action spectroscopy of metal clusters, complexes and diatomics with free elec-

tron lasers— ∙André Fielicke
Sessions
MS 1.1–1.7 Mon 11:00–13:00 HS 3042 Precision Mass Spectrometry
MS 2.1–2.8 Mon 17:00–19:15 HS 3042 NewMethods, Applications, Storage Rings
MS 3.1–3.7 Tue 11:00–13:00 HS 3042 Accelerator Mass Spectrometry I
MS 4.1–4.14 Tue 17:00–19:00 Aula Foyer Poster
MS 5.1–5.7 Wed 11:00–13:00 HS 3042 Heavy and Superheavy Nuclei
MS 6.1–6.7 Wed 17:00–19:00 HS 3042 NewMethods, AMS II, Applications, Actinides
MS 7.1–7.7 Thu 11:00–13:00 HS 3042 Accelerator Mass Spectrometry III
MS 8 Thu 13:00–14:00 HS 3042 Members’ Assembly
MS 9.1–9.7 Fri 11:00–13:00 HS 3042 Accelerator Mass Spectrometry IV

Members’ Assembly of the Mass Spectrometry Division
Thursday 13:00–14:00 HS 3042

• Report

• Poster Prize Award

• Miscellaneous
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Mass Spectrometry Division (MS) Monday

Sessions
– Invited Talks, Contributed Talks, and Posters –

MS 1: Precision Mass Spectrometry
Time: Monday 11:00–13:00 Location: HS 3042

Invited Talk MS 1.1 Mon 11:00 HS 3042
High precision determination of nuclear mass ratios of stable even Yb
isotopes to probe for fifth force mediators — ∙Menno Door1, Lucia
Ensmann1,2, Pavel Filianin1, Zoltán Harman1, Jost Herkenhoff1,
Christoph H. Keitel1, Kathrin Kromer1, Daniel Lange1, Chunhai
Lyu1, Jan Nägele1, Alexander Rischka1, Christoph Schweiger1, Sergey
Eliseev1, and Klaus Blaum1 — 1Max-Planck-Institut für Kernphysik, Heidel-
berg, Germany— 2Universität Heidelberg, Fakultät für Physik und Astronomie,
Heidelberg, Germany
Measurements with the Penning-trap mass spectrometer Pentatrap at the Max-
Planck-Institut für Kernphysik in Heidelberg allow to determine mass-ratios of
long-lived nuclides with a relative uncertainty of a few parts per trillion (ppt) us-
ing highly charged ions. Thesemass-ratio determinations of selected nuclides al-
low, among others, to contribute to stringent tests of bound-state quantum elec-
trodynamics, neutrino-physics research, and physics beyond the StandardModel
in general. The results that will be presented aim at the search for a new spin-
less boson, coupling electrons and neutrons, causing additional isotope shifts in
the spectral lines of ytterbium. The required precision of a few ppt for the de-
termination of even isotope mass-ratios was reached using a tunable cryogenic
image-current detection system with single ion sensitivity, phase-sensitive mea-
surement techniques, and remarkably stable trapping fields. The talk will present
the experimental methods and results, and give an outlook in the context of King
plot analysis and the interpretation for limits on proposed fifth force mediators.

MS 1.2 Mon 11:30 HS 3042
The Mass of 3He - the Last Missing Piece in the Light Ion Mass Puzzle
— ∙Olesia Bezrodnova1, Sangeetha Sasidharan1,2, Wolfgang Quint2,
Sven Sturm1, and Klaus Blaum1 — 1Max Planck Institute for Nuclear Physics,
Heidelberg, Germany — 2GSI Helmholtzzentrum, Darmstadt, Germany
The masses of light nuclei form a network of parameters used in fundamental
physics. m(T) − m(3He), for example, must be known with the highest preci-
sion to check for systematic uncertainties in experiments such as KATRIN [1]
or Project 8 [2], which study T β-decay to set a limit on the e mass. A Penning-
trap measurement involving the bound electron д-factor can improve the pre-
cision of me if the mass of the reference nucleus, 4He, is known with sufficient
precision.

Penning trap mass measurements of the lightest nuclei have revealed consid-
erable inconsistencies between the values reported by different experiments. To
restore confidence in the literature values, the mass spectrometer LIONTRAP
has measured the masses of the proton [3], the deuteron, the HD+ molecular
ion [4], and most recently, 4He [5]. This contribution presents the preliminary
results of the ongoing 3Hemass measurement campaign, aimed at resolving the
discrepancy of literature values known as the “Light Ion Mass Puzzle”.

[1] M. Aker et al., Nat. Phys. 18, 160-166 (2022)
[2] Project 8 Collaboration, Phys. Rev. Lett. 131, 102502 (2023)
[3] F. Heiße et al., Phys. Rev. A 100, 022518 (2019)
[4] S. Rau et al., Nature 585, 43-47 (2020)
[5] S. Sasidharan et al., Phys. Rev. Lett. 131, 093201 (2023)

MS 1.3 Mon 11:45 HS 3042
High-precision mass measurements with the PENTATRAP experiment —
∙Lucia Enzmann, Jan Nägele, Kathrin Kromer, Menno Door, Pavel Fil-
ianin, Christoph Schweiger, Sergey Eliseev, and Klaus Blaum — Max
Planck Institute for Nuclear Physics, Heidelberg, Germany
The PENTATRAP experiment at the Max Planck Institute for Nu- clear Physics
in Heidelberg is one of the most precise Penning-trap mass spectrometers in
the world capable of determining mass ratios of stable and long-lived highly
charged ions with relative uncertainties in the low 10∗12 regime. The data ac-
quired by this state-of-the-art apparatus contributes to different fields of funda-
mental physics, e.g., fifth force search, neutrino physics, and highly charged ion
clocks. In this contribution we will present latest results of PENTATRAP and its
future perspectives. Some examples of our recent measurements are 163Ho, the
isotopic chain of Yb, 208Pb, and 238U.

MS 1.4 Mon 12:00 HS 3042
Re-measuring the nuclear masses of transuranium isotopes in the vicinity
of the N=152 deformed neutron shell-closure — ∙Stanislav Chenmarev1,
Szilard Nagy1, Klaus Blaum1, Michael Block2,3,4, Christoph E.
Düllmann2,3,4, and Dennis Renisch3 — 1Max-Planck-Institut für Kern-
physik, Heidelberg, Germany — 2Helmholtz-Institut Mainz, Germany —
3Department Chemie - Standort TRIGA, Johannes Gutenberg-Universität,
Mainz, Germany— 4GSI Helmholtzzentrum für Schwerionenforschung, Darm-
stadt, Germany
We have re-visited the region of actinides in the vicinity of the N=152 deformed
neutron shell-closure, and repeated high-precision mass measurements using
the newly implemented Phase Imaging Ion Cyclotron Resonance (PI-ICR) tech-
nique [1].

With our greatly improved apparatus we have measured the masses of
244Pu, 241Am, 243Am, 248Cm, 249Cf, taking 208Pb and 238U as mass references.
The masses of these reference ions were recently determined with ultra-high-
precision at Pentatrap [2].

Our results are in good agreement with the latest AtomicMass Evaluation. The
recent mass measurements as well as their comparison to the AME2020 values
will be presented and discussed.

[1] Chenmarev, S., et al. Eur. Phys. J. A 59.2 (2023): 29.
[2] Kromer, K., et al. Eur. Phys. J. A 58.10 (2022): 202.

MS 1.5 Mon 12:15 HS 3042
High-precision mass measurements of heavy and superheavy elements with
SHIPTRAP — ∙Francesca Giacoppo for the SHIPTRAP-Collaboration —
GSI Darmstadt, Germany — HIMMainz, Germany
Probing the limit of existance at the uppermost corner of the nuclear chart re-
quires a deep understanding of the nuclear properties of very heavy nuclides
and their evolution in the superheavy region. Superheavy nuclei owe their ex-
istence to nuclear shell effects, which enhance their stability. The latter is also
expressed in terms of increased binding energies, which can be experimentally
investigated through direct mass measurements performed with Penning traps,
providing information on the nuclear shell structure. If sufficient mass resolv-
ing power is achieved, the excitation energies of low-lying, long-lived metastable
nuclear states, very common in the heaviest nuclei, can be obtained from the di-
rectly measured masses.

The SHIPTRAP experiment was developed to study heavy and superheavy nu-
clei produced via fusion-evaporation reactions at rates well below one particle
per hour through Penning trap mass spectrometry. Thanks to the implementa-
tion of a cryogenic buffer-gas stopping cell and the development of the Phase-
Imaging Ion-Cyclotron-Resonance technique, more exotic nuclei can be studied
with even better precision and higher resolving power. In this contribution, a
summary of the latest results, obtained as part of the FAIR phase-0 campaigns,
will be presented.

MS 1.6 Mon 12:30 HS 3042
Recent mass measurements at ISOLTRAP — ∙Daniel Lange for the
ISOLTRAP-Collaboration — Max-Planck-Institut für Kernphysik, Heidelberg,
Germany
High-precision mass measurements of radioactive ions are used to determine
nuclear binding energies, which reflect all forces acting in the nucleus and are
used to study among others nuclear structure, nuclear astrophysics, and weak
interaction.

For this, the ISOLTRAP mass spectrometer at ISOLDE/CERN [1] uses var-
ious ion traps, including a tandem Penning-trap system and a multi-reflection
time-of-flight mass spectrometer (MR-ToF MS), where the latter is suitable of
both mass separation and fast, precise mass measurements.

In this contribution, the first direct mass measurements of neutron-deficient
97Cd and the excitation energy of the 97mCd high-lying isomer along with a
precise measurement of 98Cd in the immediate vicinity of self-conjugate dou-
bly magic N = Z = 50 100Sn will be presented together with measurements of
neutron-rich 209,210Hg.

Additionally, the current setup of the ISOLTRAP experiment is introduced
together with the future re-bunching system using a new Mini-RFQ behind the
MR-ToF MS to enable measurements of extremely contaminated beams.
[1] Lunney D. et al., J. Phys. G: Nucl. Part. Phys. 44 (2017) 064008
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MS 1.7 Mon 12:45 HS 3042
Analyzing a 30-year-old thorium foil with MR-ToF mass spectrometry
— ∙Paul Fischer1, Jonas Stricker2,3, Dennis Renisch2,3, Christoph
Düllmann2,3,4, and Lutz Schweikhard1 — 1Inst. f. Physik, Univer-
sität Greifswald, Germany — 2Department Chemie, Johannes Gutenberg-
Universität Mainz, Germany — 3Helmholtz-Institut Mainz, Germany — 4GSI
Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt, Germany
A foil of 232Th produced roughly thirty years ago is investigated by high-vacuum
laser-ablation and multi-reflection time-of-flight (MR-ToF) mass analysis. Cat-

and anions are identified by precision mass measurements: By storing ions of in-
terest between two opposing electrostatic mirrors, their flight time is increased,
leading to mass resolving powers on the order of 100, 000 and a corresponding
rise in mass-measurement accuracy.

A number of thorium-monomer- and thorium-dimer-based molecules in-
cluding carbon, nitrogen, oxygen, or fluorine atoms are found. Additionally,
a small uranium contamination is observed, leading to compound molecules
incorporating both Th and U. Selected species are excited with a 532-nm laser
pulse to probe their photodissociation behavior and determine relative fragment
abundances.

MS 2: New Methods, Applications, Storage Rings
Time: Monday 17:00–19:15 Location: HS 3042

Invited Talk MS 2.1 Mon 17:00 HS 3042
Measurement of the bound-state beta decay of 205Tl81+ ions at heavy-
ion storage ring — ∙Ruijiu Chen1, Jan Glorius1, Guy Leckenby2, Yury
A Litvinov1, Maria Lugaro4, Riccardo Mancino1, Mohammad Sha-
hab Sanjari1, Ragandeep Singh Sidhu1, and Balazs Szanyi3 for the
E121 collaboration-Collaboration — 1GSI, Germany — 2TRIUMF, Canada —
3University of Szeged, Hungary — 4Konkoly Observatory, Hungary
Heavy-Ion storage rings offer unparalleled capabilities for the measurement of
the radioactive decay of highly charged ions. In this talk, we report on the recent
results from the first direct measurement of the bound-state beta decay of bare
205Tl81+ ions. The experiment was performed inMarch-April 2020 by employing
the unique accelerator facility at GSI. The measurement is associated with two
major physics motivations. One is linked with the LOREX project (acronym of
LORandite EXperiment) wherein the measurement is needed to determine the
matrix element for the pp neutrino capture by the ground state of 205Tl to the 2.3
keV excited state in 205Pb. This capture reaction has by far the lowest threshold
(E > 53 keV) and is only experiment capable of extending the neutrino flux to
lower energies. The second physics case is associated with the 205Pb/205Tl pair as
a s-process cosmochronometer. In stellar plasmas, 205Tl can exist in ionized form
and βb decay to the first excited state of

205Pb can counter-balance the reduction
of 205Pb ions due to electron capture process. The measurement is crucial for
predicting the 205Pb expected in meteorites in the early solar system.

MS 2.2 Mon 17:30 HS 3042
Developments for the ion supply of theHeidelbergCryogenic StorageRing—
∙Felix Nuesslein1, Klaus Blaum1, Manfred Grieser1, Florian Grussie1,
Thomas Kolling2, Holger Kreckel1, Preeti M Mishra1, Gereon
Niedner-Schatteburg2, Oldřich Novotný1, Viviane C Schmidt1, and
Andreas Wolf1 — 1Max-Planck-Institut für Kernphysik, 69117 Heidelberg,
Germany — 2Technische Universität Kaiserslautern, 67663 Kaiserslautern, Ger-
many
The Cryogenic Storage Ring [1] provides optimal conditions for exploring in-
teractions of charged atoms and molecules with photons, electrons, or neutrals
in a radiatively cold environment. Its fully electrostatic design enables mass-
independent storage of ions with kinetic energies up to 300 keV per elementary
charge. The 300 kV ion source platform, one of two dedicated setups for these
ions, branches into magnetic and electrostatic sections. The magnetic branch
yields mass-selected continuous beams of atomic and small molecular ions with
nA to μA currents, while the electrostatic branch focuses on more complex sys-
tems like clusters or biomolecules. Its ion optics can transport pulsed and con-
tinuous ion beams from up to four stationary sources, and its diagnostic ele-
ments are sensitive to μA ion currents down to single particles. In its initial de-
velopment stage, the electrostatic branch will host a pulsed Laser VAPorization
(LVAP) ion source for cluster ion production. We present commissioning results
and the first mass spectra from the recently commissioned LVAP ion source.

[1] R. von Hahn et al., Rev. Sci. Instrum. 87 (2016) 063115.

MS 2.3 Mon 17:45 HS 3042
First experiments with the CSR-ReMi, the Reaction Microscope inside the
cryogenic ion storage-ring CSR— ∙Felix Herrmann, Weiyu Zhang, David
V. Chicharro, Florian Trost, Klaus Blaum, Manfred Grieser, Florian
Grussie, Holger Kreckel, Oldřich Novotrný, Andreas Wolf, Alexan-
der Dorn, Robert Moshammer, Claus Dieter Schröter, and Thomas
Pfeifer—Max-Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117 Hei-
delberg, Deutschland
The CSR-ReMi is a newly installed in-ring reaction microscope for experiments
with slow and cold molecular or cluster ions in the cryogenic storage ring CSR
[1]. A reaction microscope (ReMi) is a combined electron and ion spectrometer
[2, 3]. It offers multi-hit capability and provides high detection efficiency, accep-
tance and resolution. With the coincident detection of all collision fragments
kinematically complete data-sets on the reaction dynamics can be collected. The
integration of the CSR-ReMi into the CSR was finalized in July 2023 and first

commissioning experiments under cryogenic conditions were performed re-
cently. Emphasis was given to electron-transfer and electron-loss reactions in
collisions of various types of stored ions with neutral atoms or molecules that
were injected by a supersonic gas jet. Selected results of these first experiments
will be presented.

[1] R. von Hahn et al., Rev. Sci. Instrum. 87, 063115 (2016)
[2] J. Ullrich et al., Rep. Prog. Phys. 66, 1463-1545 (2003)
[3] H. Schmidt-Böcking et al., Ann. d. Phys. 533, 2100134 (2021)

MS 2.4 Mon 18:00 HS 3042
Noble Gas mass spectrometry of nuclear fuel particles from Chernobyl —
∙Laura Leifermann1, Greg Balco2, Autumn Roberts2, PaulHanemann1,
Tobias Weissenborn1, Manuel Raiwa2, Darcy van Eerten1, Michael
Savina2, Brett Isselhardt2, and Clemens Walther1 — 1IRS, Hannover,
Deutschland — 2LLNL, Livermore, USA
Noble gas mass spectrometry is generally used for determination of the elemen-
tal and isotopic composition of He, Ne, Ar, Kr and Xe in terrestrial and extrater-
restrial samples. Here rock samples are heated to temperatures above 1500∘C to
extract the noble gases. In this work we analyzed the fission gases of individ-
ual micrometer-sized spent nuclear fuel particles from the Chernobyl exclusion
zone. The particles were heated up to 1200∘C and the released Xe and Kr was
measured by noble gas mass spectrometry. The obtained isotope ratios give in-
sight into important nuclear forensic information like neutron flux and sample
age. In addition to noble gas mass spectrometry the particles were analyzed by
resonant ion mass spectrometry for the particle’s actinide isotopic composition.
Furthermore, gamma spectrometry and energy-dispersive X-ray spectroscopy
(EDS) measurements were carried out to maximize the knowledge on these 30-
year-old nuclear fuel particles form the environment.

Part of this work was performed under the auspices of the U.S. Department of
Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-
07NA27344. Release number: LLNL-ABS-857826

MS 2.5 Mon 18:15 HS 3042
Photofission of dianionic tin-34 clusters — Alexander Jankowski, Paul
Fischer, Moritz Grunwald-Delitz, and ∙Lutz Schweikhard — Inst. of
Physics, Univ. of Greifswald, 17487 Greifswald
Small tin clusters (of number of atoms n below 50) are formed by building blocks
of Sn7, Sn10 [1-3] and, in the case of anionic clusters, Sn15 [3]. This leads to
corresponding fragmentation patterns [4,5] as confirmed and further investi-
gated [6,7] at ClusterTrap [8]. In particular, dianionic tin clusters fission into
two monoanionic fragments [7], as previously found for the case of lead clus-
ters [9]. Now, selected ensembles of Sn2−34 clusters were irradiated by nanosec-
ond laser pulses of variable photon energies, causing photodissociation (besides
electron detachment). After a variable delay time, the remaining stored cluster
ensemble is analyzed by time-of-flight mass spectrometry. The time-resolved
measurements allow for the reconstruction of the decay pathways, confirming
the competition of fission processes.

[1] C. Majumder et.al., Phys. Rev. B 64, 233405 (2001)
[2] H. Li et al., J. Phys. Chem. C 116, 231-236 (2011)
[3] A. Lechtken et al., J. Chem. Phys. 132, 211102 (2010)
[4] E. Oger et al., J. Chem. Phys. 130, 124305 (2009)
[5] A. Wiesel et al., Phys. Chem. Chem. Phys. 14, 234-245 (2012)
[6] S. König et. al., Eur. Phys. J. D 72, 153 (2018)
[7] M. Wolfram et.al., Eur. Phys. J. D 74, 135 (2020)
[8] F. Martinez et al., Int. J. Mass Spectrom. 266, 365-366 (2014)
[9] S. König et. al., Phys. Rev. Lett. 120, 163001 (2018)

MS 2.6 Mon 18:30 HS 3042
Solvation of Cun+/- in He and H2 — ∙Olga Lushchikova1, Johannes
Reichegger1, Fabio Zappa1, Machael Gatchell2, Massimiliano
Bartolomei3, Jose Campos-Martínez3, Tomas González-Lezana3, Fer-
nando Pirani3, and Paul Scheier1 — 1Institut für Ionenphysik und Ange-
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wandte Physik, Universität Innsbruck, Austria — 2Department of Physics,
Stockholm University, Sweden — 3Instituto de Física Fundamental, IFF-CSIC,
Spain
The exploration of copper’s versatility in hydrogen (H2) and helium (He) in-
teractions at a microscale holds promise for novel energy storage and chemical
applications. This research addresses the intricate challenges of understanding
these interactions. Through mass spectrometry, we investigate how small cop-
per clusters (Cun+/-, n=1-10) solvate in He and H2. Grown within superfluid
helium nanodroplets, these clusters are exposed to room temperature He or H2,
yielding He/H2-solvated copper ions. The low temperature and high collision
rate enable the solvation of positively/negatively charged clusters in over fifty
H2/He units, analyzed via high-resolution mass spectrometry.

Key findings identify stable structures in Cun+/- clusters, utilizing helium as
a probing species. In H2 settings, alongside the Cu core, an H-Cu core has been
observed within cationic clusters, displaying a unique series of solvation with the
initial layer composed of four H2 molecules. Anionic clusters, in contrast, ex-
hibit very weak binding to both H2 andHe. These complexes became observable
only due to ultracold helium droplet conditions.

MS 2.7 Mon 18:45 HS 3042
Resonant ionization spectroscopy (RIS) of Tm-169 with a quadrupol mass
separator (QMS) setup — ∙Jana Weyrich1,3, Michael Block1,2,3, Pre-
maditya Chhetri1,3, Tom Kieck1,2, Danny Münzberg1,2,3, Sebastian
Raeder1,2, and Dominik Studer1,2 — 1Helmholtz-Institut, Mainz, DE— 2GSI
Helmholtzzentrum für Schwerionenforschung, Darmstadt, DE — 3Johannes
Gutenberg-Universität, Mainz, DE
Experimental studies on heavy and superheavy elements are an important field
of research to contribute to our understanding of the underlying nuclear struc-
ture which stabilizes these nuclei against fission. As the heaviest nuclides are
radioactive and often short-lived, they are typically only available in small quan-
tities. Resonant ionization spectroscopy (RIS) and subsequent mass selection
proves to be a useful technique to determine atomic and nuclear properties by

probing atomic spectra. Additionally, preceding analysis of stable isotopes or
lighter homologues of the nuclide under investigation is indispensable to opti-
mize and tailor the techniques for gaining insight into the structure of the target
nuclide.

Therefore, an existing setup was further developed for the investigation
of elements available off-line and in macroscopic quantities using RIS and a
quadrupole mass separator (QMS). As a first result an ionization scheme of
thuliumwas developed for future studies of neutron deficient isotopes of thulium
at the GSI facility with the RADRIS technique. In this contribution the setup will
be presented, together with laser spectroscopic results and the future prospects
will be discussed.

MS 2.8 Mon 19:00 HS 3042
MetroPOEM - Metrology for the harmonisation of measurements of envi-
ronmental pollutants in Europe — ∙Stephan Winkler for the MetroPOEM-
Collaboration — Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany
The European Green Deal’s commitment to achieving zero pollution necessitates
the development of highly sensitive techniques for detecting minute amounts
of pollutants. Fulfilling this need involves implementing strategies outlined by
two European Metrology Networks (EMN): Pollution Monitoring (PolMo) and
Radiation Protection. These networks support the Basic Safety Standards direc-
tive. Detecting radioactive isotopes and stable polluting elements in the environ-
ment requires analytical procedures that are not only fast, sensitive, and inex-
pensive but also validated using traceable multi-element reference materials for
the optimal application of single collector ICP-MS.Unfortunately, multi-element
certified reference materials are typically unavailable, and single-element certi-
fied reference materials are limited to a handful of elements. However, the ur-
gent need for these reference materials persists, as they play a crucial role in
calibrating mass spectrometric measurements and mitigating mass bias effects
during the measurements in mass spectrometers. To tackle these challenges,
the MetroPOEM project (21GRD09) has been initiated. Coordinated by the
Physikalisch-Technische Bundesanstalt of Germany, MetroPOEM will be exe-
cuted by a consortium of 23 partners spanning 13 European countries.

MS 3: Accelerator Mass Spectrometry I
Time: Tuesday 11:00–13:00 Location: HS 3042

Invited Talk MS 3.1 Tue 11:00 HS 3042
Recent Developments at CologneAMS — ∙Dennis Mücher — Institut für
Kernphysik, Universität zu Köln
The Institute for Nuclear Physics at the University of Cologne hosts two AMS
setups: the 10 MV FN Tandem coupled to a gas-filled magnet and the 6 MV
Tandetron accelerator. CologneAMS is fully integrated into an interdisciplinary
research infrastructure at the University of Cologne, enabling fruitful collabora-
tions with the Departments for Geology, for Archeology and for Nuclear Chem-
istry, among others. In this talk I will give an overview about the status und
future plans of the CologneAMS facilities related to various applications in geo-
science, nuclear waste management, and others. The focus of my presentation
will be our research on nucleosynthesis of heavy elements in the universe, creat-
ing a link between our local efforts to experiments at world-leading large-scale
radioactive ion beam facilities.

MS 3.2 Tue 11:30 HS 3042
Preparations for a new 1MV AMS facility in Dresden — ∙Johannes Lach-
ner, ToralfDöring, Sebastian Fichter, Georg Rugel, StephanWinkler,
René Ziegenrücker, and Anton Wallner — Helmholtz-Zentrum Dresden-
Rossendorf, Institute of Ion Beam Physics and Materials Research
A new AMS system called HAMSTER (Helmholtz Accelerator Mass Spec-
trometer Tracing Environmental Radionuclides) will be installed in Dresden-
Rossendorf to expand the capabilities of radionuclide measurements at HZDR.
It consists of a 1MV pelletron tandem accelerator and has a conventional ion
source for classic AMS operation and two additional injection lines: One in-
jection line holds an ion cooler supporting isobar suppression (Ion Linear Trap
for Isobar Suppression, called ILTIS), the other is a SIMS (Secondary Ion Mass
Spectrometer) moved from its original location at the 6MVDREAMS facility to
continue performing Super-SIMS measurements at the new machine.

The facility will be placed in a newbuilding that holds space for the experimen-
tal area and control room of the AMS as well as for two chemistry laboratories.
Installation of the first injector beamline with the ILTIS is foreseen for early 2024
and we expect HAMSTER to be in operation by summer. In this contribution
we will introduce the surrounding infrastructure and layout of the new facility.

MS 3.3 Tue 11:45 HS 3042
Upgrade of the silicon nitride absorber for 10Be AMS at VERA — ∙Carlos
Vivo-Vilches, Peter Steier, Martin Martschini, Silke Merchel, and
Robin Golser—University of Vienna, Faculty of Physics, Austria

Suppression of 10B in acceleratormass spectrometry of 10Be at VERA is provided
by a stack of silicon nitride foils placed in front of a gas ionization chamber. A
nominal thickness of 6700 nm is just enough to stop 10B ions, while letting 10Be
ions reach the detector. This avoids the 10Be losses of the degrader foil technique
used in the past, arising from angular scattering and the different charge states
after the foil, increasing the detection efficiency. A disadvantage of the foil stack
setup until now was the fixed thickness of the foils once the setup is inside the
beamline. More generally, the background caused by products from the nuclear
reaction of 10Bwith the 1Hpresent in the foils, 1H(10B,α)7Be, makes it challeng-
ing to reach similar 10Be/9Be blank ratios as with the degrader foil technique.
Recently, a rotatable silicon nitride foil with a thickness of 1200 nm was in-

stalled in front of the foil stack, allowing adjustments in the total thickness for
optimization of the 10B suppression and 10Be transmission. Besides, it also im-
proves discrimination of the 7Be background. The size of each foil and their
distances to the detector have also been studied in simulations and experimen-
tally in order to decrease the angular acceptance of 7Be ions without significantly
losing 10Be ions. In this talk we will present first results on the efficiency, repro-
ducibility and the blank value achieved with this setup.

MS 3.4 Tue 12:00 HS 3042
Ongoing Routine Measurements at DREAMS - Status and Challenges —
∙Georg Rugel, Toralf Döring, Sebastian Fichter, Dominik Koll, Jo-
hannes Lachner, Annabel Rolofs, Konstanze Stübner, Alexander
Wieser, Stephan Winkler, Janis Wolf, René Ziegenrücker, Sebastian
Zwickel, and Anton Wallner — Helmholtz-Zentrum Dresden-Rossendorf,
Dresden, Germany
During the last years the performance of DREAMS, the DREsden AMS-facility,
at the Helmholtz-Zentrum Dresden-Rossendorf (HZDR) was improved in var-
ious aspects. The system is based on a 6 MV tandetron manufactured by High
Voltage Engineering Europa (HVEE) and shared with various other groups at
HZDR. This report will give detail on the performance of our routine mea-
surements and an overview of the range of research topics of user projects at
DREAMS. Moreover, we will present recent improvements and investigations
on the performance of 10Be and 26Almeasurements and highlight key challenges
remaining, and potential future developments.
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MS 3.5 Tue 12:15 HS 3042
Current status of ALIS - The new low-energy isobar suppression setup
at CologneAMS — ∙Markus Schiffer1, Oscar Marchhart1,2,3, Elisa
Linnartz1, Martin Martschini2, Gereon Hackenberg1, Peter Steier2,
Melisa Maslo4, Timm-Florian Pabst1, Erik Strub4, Tibor Dunai5, Robin
Golser2, and DennisMücher1 — 1University of Cologne, Institute of Nuclear
Physics, Cologne, Germany— 2University of Vienna, Faculty of Physics, Isotope
Physics, Vienna, Austria — 3University of Vienna, Vienna Doctoral School in
Physics, Vienna, Austria — 4University of Cologne, Division of Nuclear Chem-
istry, Cologne, Germany — 5University of Cologne, Institute of Geology and
Mineralogy, Cologne, Germany
The integration of a unique low-energy isobar suppression unit, the Anion Laser
Isobar Separator (ALIS), marked a significant extension to the Cologne 6 MV
AMS-System. After the successful test of the advanced gas-filled radio frequency
quadrupole (RFQ) ion cooler at the Vienna test bench, we present insights from
the first benchmark tests conducted at ALIS.

Our efforts focused on performance tests of the 134 sample MC-SNICS ion
source and to verify its reliability, specifically for the extraction of SrF−3 . The re-
cent implementation of a beam attenuator has facilitated the injection of stable
ion beams into the RFQ.

Additionally, we have integrated an 18 W 532 nm continuous wave laser for
photodetachment of isobar anions, in compliance with German regulatory stan-
dards.

MS 3.6 Tue 12:30 HS 3042
Sample detection efficiency and detection limits for the determination of ac-
tinides at the ETH Zürich MILEA system — ∙Habacuc Pérez Tribouillier
and Marcus Christl— Laboratory of Ion Beam Physics, ETH Zürich
This study investigates the impact of varied matrix compositions, specifically
iron and niobium content, on the detection efficiency of actinides (Pu, Am, and

U) using the MILEA system at ETH Zürich. Our findings highlight the sig-
nificance of optimal matrix composition, a factor intricately linked to the de-
sired analysis duration. Larger matrices are observed to be advantageous for ex-
tendedmeasurement times, particularly beneficial for lower-concentration sam-
ples. Additionally, we present our detection limits for Pu, Am, and U isotopes,
and apply them for the determination of these isotopes on small-volume samples
from the area near the Fukushima Nuclear Power Plant and the North Sea.

MS 3.7 Tue 12:45 HS 3042
Applications for high throughput AMS gas measurements at the low energy
limit — ∙Daniele De Maria1, Urs Ramsperger1, Marco Bolandini2, Ne-
gar Haghipour2, Lukas Wacker1, and Marcus Christl1 — 1Laboratory
of Ion Beam Physics, ETH Zurich, Switzerland — 2Geological Institute, ETH
Zurich, Switzerland
Over the last decade, the interest in radiocarbon AMS analysis of combusted
samples has increased due to significant progresses made towards compact AMS
systems and the development of hybrid ion sources, allowing the analysis of sam-
ples in gaseous form. To address the requirements of higher sample through-
put and level of automation, a novel gas handling system, the Double Trap In-
terface (DTI), was developed. The original idea was to provide an instrument
tailored to meet the specific requirements of biomedical companies perform-
ing metabolism and pharmacokinetic studies using 14C-labeled pharmaceutical
compounds as a tracer. The methodology has in general a huge potential for
all high throughput applications, opening the field for nanoplastics studies and
the analysis of different organic compounds in sediments. These applications are
particularly suited for the miniaturized radiocarbon detection system LEA (Low
Energy AMS), which has been installed at the Laboratory of Ion Beam Physics
(ETH Zurich) in 2021. The instrument follows basic MICADAS design princi-
ples but operates at a terminal voltage of 50 kV only. An overview of LEA and the
coupled peripherals for gas measurements as well as some preliminary results of
the experiments performed over the last months are presented.

MS 4: Poster
Time: Tuesday 17:00–19:00 Location: Aula Foyer

MS 4.1 Tue 17:00 Aula Foyer
The CSR-ReMi – a wide-range spectrometer for collision studies in the CSR
— ∙Claus Dieter Schröter, Felix Herrmann, Weiyu Zhang, David V.
Chicharro, Florian Trost, Klaus Blaum, Manfred Grieser, Florian
Grussie, HolgerKreckel, OldřichNovotný, AndreasWolf, Alexander
Dorn, RobertMoshammer, and Thomas Pfeifer—Max-Planck-Institut für
Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Deutschland
Reaction microscopes (ReMi’s) [1, 2] are combined electron and ion spectrom-
eters for energy and angular resolved detection of fragments resulting from ele-
mentary collision processes. In order to use this powerful technique for collision
studies with slow and cold molecular or cluster ions inside the cryogenic stor-
age ring CSR [3], we have built a dedicated in-ring spectrometer, the CSR-ReMi.
The CSR-ReMi is fully operational and first experiments have been performed
just recently on electron transfer and collisional ionization reactions. Experi-
ments on photo-detachment with atomic and molecular anions are envisaged
for spring 2024. In the poster we will present an overview of the complex techni-
cal design of the machine and we will give insights into possible future scientific
applications.

[1] J. Ullrich et al., Rep. Prog. Phys. 66, 1463-1545 (2003)
[2] H. Schmidt-Böcking et al., Ann. d. Phys. 533, 2100134 (2021)
[3] R. von Hahn et al., Rev. Sci. Instrum. 87, 063115 (2016)

MS 4.2 Tue 17:00 Aula Foyer
Apparatus for deterministic ionization and loading of molecules — ∙René
Nardi, Brandon Furey, Stefan Walser, Zhenlin Wu, Mariano Isaza
Monsalve, ElyasMattivi, and Philipp Schindler—Universität Innsbruck,
Institut für Experimentalphysik, Innsbruck, Österreich
We study the complex rovibrational structure of trappedmolecular ions and their
potential applications in molecular quantum information processing. Our ex-
periments are currently limited to investigating CaOH+, which are created from
chemical reactions of trapped Ca+ and free H2O. In order to load other molec-
ular species, we are building a test setup where a molecular gas is injected in
a vacuum chamber, photoionized, and then guided into an ion trap. This test
setup features a time-of-flight mass spectrometer to determine the ions created
by photoionization of N2+ and acetylene. Mass filters and ion optics can then be
added to steer and focus the molecule of interest through a differential pumping
region towards a linear Paul trap in a UHV chamber. Molecular ions can be in-
jected into the trapping region through an aperture in the end-cap electrode for
axial confinement in our linear ion trap.

MS 4.3 Tue 17:00 Aula Foyer
Recent measurements and developments at Isoltrap — ∙Christoph
Schweiger for the ISOLTRAP-Collaboration —Max-Planck-Institut für Kern-
physik, Heidelberg, Germany
Isoltrap [1] is a multi ion-trap mass spectrometer located at ISOLDE/CERN
dedicated to high-precision mass measurements of artificially produced, short-
lived, exotic radionuclides far from stability. Experimentally, Isoltrap employs
multi-reflection time-of-flight and Penning trap mass spectrometry for abso-
lute and relative mass measurements. The measured masses can be connected
to nuclear binding energies using Einsteins famous relation between mass and
energy: E = mc2. The nuclear binding energy reflects all underlying interac-
tions in the nucleus and allows the study of nuclear structure and nuclear astro-
physics, the weak interaction and further fundamental physics applications. The
current status of the experimental setup and recent technical developments will
be presented as well as the results of the most recent beamtime periods. This in-
cludes the neutron deficient 97,98Cd ground states in vicinity of the doubly-magic
100Sn and the 97mCd isomeric state as well as the first mass measurements of the
neutron rich 209,210Hg. A measurement of the 79mZn isomer resolved the state
ordering of the 1/2+ and 5/2+ states and solidifies previous evidence of shape
coexistence [2].
[1] Lunney, D. et al., J. Phys. G: Nucl. Part. Phys. 44, 064008 (2017)
[2] Nies, L. et al., arXiv:2310.16915v1 (2023)

MS 4.4 Tue 17:00 Aula Foyer
Simulating space charge effects in the ILIAMS ion cooler@VERA— ∙Daniel
Baumgartner, MartinMartschini, and Robin Golser—University of Vi-
enna, Faculty of Physics, Austria
Ion Laser InterAction Mass Spectrometry (ILIAMS) at the Vienna Environmen-
tal Research Accelerator (VERA) is a novel approach to Accelerator Mass Spec-
trometry (AMS) enabling the measurement of nuclides otherwise inaccessible to
low- and medium-energy AMS facilities and improving the detection limit for
several other isotopes by orders of magnitude. Undesired isobaric components
of an anion beam are neutralized through photodetachment via a collinearly
overlapped laser of suitable energy inside a buffer-gas-filled, RF-Quadrupole ion
cooler. The selected nuclear species of interest with higher detachment energy
remain unaffected and propagate along a constant electric gradient. The sys-
tem is optimized for long ion residence times of several milliseconds to ensure
sufficient interaction time with the laser. However, measurements show that res-
idence time decreases for increasing nA beam currents. At μA ion currents,
even the transmission starts to decrease. To provide insights and potential ex-
planations for these indeterminate effects, this poster highlights results of recent
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particle simulations with COMSOL Multiphysics® accounting for fully dynamic
space charge. In addition to a strong influence on particle trajectories, charge
effects can also cause an increase in a) phase space volume, b) average particle
energy and c) velocity of propagation.

MS 4.5 Tue 17:00 Aula Foyer
Complementary Actinide Markers for the Anthropocene in Coral Cores —
∙Aline Zoufal1, Kateřina Fenclová2, Jens Zinke3, Simon Turner4, An-
drew Cundy5, and Karin Hain1 — 1University of Vienna, Faculty of Physics,
Austria— 2CzechTechnical University in Prague, CzechRepublic— 3University
of Leicester, England — 4University College London, England — 5University of
Southampton, England
This study investigates the presence of anthropogenic actinides (236U, 237Np,
239,240Pu) in the marine environment, originating from intense nuclear weapons
testing in the 1960s, resulting in global fallout of radioactive isotopes. Corals,
chosen for their ability to incorporate trace elements from surrounding seawa-
ter into their skeletons, serve as archives of past environmental conditions. Their
growth bands offer a precise annual chronological record of actinide concen-
trations, potential proxies for ocean circulation changes in (sub)tropical oceans.
Our project examines actinide concentrations in corals fromFlinders Reef, Coral
Sea, Australia in the context of discussions of the newly proposed Anthropocene
epoch. This study presents the first profile of 237Np in coral cores, positioning it
as a promising oceanographic tracer. Preliminary results indicate a conservative
behaviour in ocean water, similar to 236U. The high sensitivity and selectivity of
Accelerator Mass Spectrometry (AMS) allow for small sample sizes and elimi-
nate the need for chemical separation of the elements. Consequently, a simplified
sample preparation procedure can be applied which precipitates all actinides to-
gether with a carrier and a 242Pu spike.

MS 4.6 Tue 17:00 Aula Foyer
Development and improvement of radiochemical separation schemes for
actinide determination using AMS — ∙Janis Wolf, Dominik Koll, Se-
bastian Zwickel, and Sebastian Fichter — Helmholtz-Zentrum Dresden-
Rossendorf, Institute of Ion BeamPhysics andMaterials Research, Dresden, Ger-
many
The determination of minute amounts of actinides in a huge variety of sample
matrices is a challenging task. The current capabilities of state-of-the-art accel-
erator mass spectrometers enable detection limits close to a few hundred atoms
per sample. However, proper sample preparation is inevitable to separate the
element of interest from the overwhelming majority of the sample mass. Here,
we present some of our current activities regarding the optimization of work-up
procedures for different actinides (i.e. Pa, Np, Pu, Am, Cm) from environmental
samples like water, soil, deep sea ferromanganese crusts and lunar regolith.

MS 4.7 Tue 17:00 Aula Foyer
Preparing the implantation of 55Fe for radioactive activity standardisation
at RISIKO using RIMS — ∙Daniel Mowitz1, Sebastian Berndt1, Hol-
ger Dorrer1, Christoph E. Düllmann1,2,3, Raphael Hasse1, Sebastian
Kempf5, Tom Kieck2,3, Nina Kneip4, Michael Müller5, Ole J. Nähle6,
Thorben Niemeyer1, Dennis Renisch1,3, and Klaus Wendt1 — 1Johannes
Gutenberg-Universität, Mainz — 2GSI Helmholtzzentrum für Schwerionen-
forschung, Darmstadt — 3Helmholtz-Institut, Mainz — 4Leibniz Universität,
Hannover — 5Institut für Mikro- und Nanoelektronische Systeme, Karlsruhe
— 6Physikalisch-Technische Bundesanstalt, Braunschweig
In the frame of the EU PrimA-LTD project, injection of 5 Bq of the radioiso-
tope 55Fe into gold absorbers of metallic magnetic calorimeter (MMC) detec-
tors with a size of 0.14 x 0.14 mm2 is in progress at the RISIKO mass separator
at JGU Mainz. Within PrimA-LTD, new activity standardisation techniques for
radionuclide metrology are developed to increase the resolution of energy mea-
surements on electron-capture decay considerably. Resonance ionisation mass
spectrometry with a recently developed two-step ionisation scheme for iron is
employed using the JGU Ti:Sa laser systems, to ensure outstanding element se-
lectivity and efficiency. In order to attain maximum ion beam quality, i.e. yield
and purity in respect to the ubiquitous stable iron isotopes 54,56,57,58Fe, several
components of the laser ion source unit were optimized. Mass spectra and fur-
ther implantation tests show the feasibility of our approach and will be discussed
at the conference.

MS 4.8 Tue 17:00 Aula Foyer
Photodissociation of mono-, di, and trianionic tin clusters — ∙Moritz
Grunwald-Delitz, Paul Fischer, Alexander Jankowski, and Lutz
Schweikhard— Inst. of Physics, Univ. of Greifswald, 17487 Greifswald
(Poly-)anionic tin clusters (Snnz− of sizes n < 70 with charge states z = 1, 2, 3)
were studied at the ClusterTrap setup [F. Martinez et al., IJMS 266 (2014)
365] with regard to their fragmentation patterns upon photoexcitation. While
monoanionic tin clusters have shown a shift in their fragmentation behavior
from break-off of neutral Sn7 and Sn10 clusters (for n < 45) to sequential
monomer evaporation (for n > 45) [M.Wolfram et.al., EPJD 74 (2020) 135], the
investigations have now been extended to larger clusters, also including charge

state z = 3. To this end, the tin cluster ensemble, produced by laser ablation, is
stored in a Penning trap. After isolation of a single mono-anionic cluster species,
it is exposed to an electron bath for electron attachment, i.e. the population of
higher charge states [S. König et. al., EPJD 72 (2018) 153]. The separated clus-
ter species is then irradiated with a nanosecond-laser pulse, resulting in delayed
photodissociation. Break-off of neutral Sn3, Sn5 and Sn9 is observed for all three
charge states. In addition, the trianionic cluster shows fission into Sn2−n−10 + Sn−10
in analogy to the decay of dianions, where Sn−10 is also identified as a fission
product.

MS 4.9 Tue 17:00 Aula Foyer
Progress Update on the ELISE Project at FSU Jena: Optimizing Negative Ion
Supression for AMS through Laser Techniques— ∙Shiva Prasad Pulipati1,
Oliver Forstner1, Klaus Wendt2, and Thorben Niemeyer2 — 1Friedrich-
Schiller-Universität Jena — 2Gutenberg-Universität Mainz
The Extended Laser Isobar Separator (ELISE)@IBC project, is currently in the
construction phase at FSU Jena. Our current work focuses on constructing a
negative ion source test setup for ELISE and emphasizes the process of negative
ion suppression through laser-assisted techniques. Our goal is to significantly
improve the isotopic measurements concerning abundance sensitivity by highly
selective AMS (accelerator mass spectrometer) techniques by further orders of
magnitude without altering the state-of-the-art Cs sputter ion sources. This con-
tribution provides a progress update on our ongoing investigations on the intri-
cate relationship between laser radiation and negative ions at the low energy side
of an AMS. Our primary objective is to leverage laser technology for the selec-
tive enhancement or suppression of specific negative ion species already during
or immediately after production in the ion source, thereby enhancing the sensi-
tivity of isotopic measurements considerably.Our efforts include the meticulous
characterization of laser parameters influencing ion suppression and the testing
of an ion cooler system designed to slow down negative ions to thermal energies,
ensuring long-term overlap with a laser beam. Careful tuning of laser frequency
and power for the photodetachment process will allow for optimum suppression
of elemental and molecular contaminations.

MS 4.10 Tue 17:00 Aula Foyer
A new ion cooler for HAMSTER — ∙Alexander Wieser1,2, Johannes
Lachner1, Stefan Findeisen1, Martin Martschini2, Toralf Döring1,
ToniWallner1, and Robin Golser2 — 1HZDR - Accelerator Mass Spectrom-
etry and Isotope Research — 2University of Vienna - Faculty of Physics, Isotope
Physics
Using laser photodetachment for isobar separation in Accelerator Mass Spec-
trometry (AMS) was successfully established with the Ion-Laser Interaction
Mass Spectrometry (ILIAMS) system at the Vienna Environmental Research
Accelerator, enlarging the repertoire of long-lived radioisotopes measurable by
AMS. The ion beam is overlapped with a laser beam of suitable photon energy,
neutralizing interfering isobars, while leaving the isotope of interest unaffected.
Tomaximize interaction time between laser beam and ion beam, the 30 keV ions
are decelerated and cooled in a gas-filled radiofrequency quadrupole to near-
thermal energies. A similar setup called ILTIS (Ion Linear Trap for Isobar Sup-
pression) was designed at HZDR in cooperation with the University of Vienna
and will be incorporated in the new 1MV-accelerator facility HAMSTER. With
a powerful 532 nm cw-laser, this ion cooler will enable HAMSTER to measure
36Cl, 26AlO, 90Sr and 135,137Cs at environmental abundances. This poster will
give an overview on design and first ion beam tests of the new ion cooler.

MS 4.11 Tue 17:00 Aula Foyer
Characterization of ion transmission in an electrospray ionization-mass
spectrometry interface equipped with an S-lens— ∙Yihui Yan, Kevin Li, and
Jozef Lengyel — Chair of Physical Chemistry, TUM School of Natural Sci-
ences, Technical University of Munich, Garching, Germany
We present the design and performance of an in-house-built electrospray
ionization-mass spectrometry (ESI-MS) interface equipped with an S-lens ion
guide. The ion source was designed specifically for our ion beam experiments
to investigate the particle nucleation and chemical reactivity of the clusters and
nanoparticles. This interface consists of standard ESI-MS components, includ-
ing: ion transfer capillary, the S-lens, quadrupole, and hexapole ion guides. A
custom design enables systematic optimization of all relevant factors influenc-
ing transfer through the interface. Each of these ion guides was characterized
over a wide range of RF frequencies and amplitudes. To track the ion transmis-
sion properties, we monitored both ion current and ion signals recorded by TOF
mass spectrometer. The maximum transmission efficiency of the ESI-MS inter-
face ranged from 10% to 30%, depending onwhether the analyte was amolecular
ion or a fragile cluster. Herein, we will describe the factors influencing ion trans-
mission and analyze the observed trends.

MS 4.12 Tue 17:00 Aula Foyer
MOCCA: a 4k-pixel molecule camera for the position and energy resolved
detection of neutral molecule fragments — ∙Abdullah Özkara1, Chris-
tian Enss1, Andreas Fleischmann1, Lisa Gamer2, Loredana Gastaldo1,
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DanielHengstler1, Christopher Jakob2, Daniel Kreuzberger1, Ansgar
Lowack1, Oldřich Novotny2, Andreas Reifenberger1, Dennis Schulz1,
and Andreas Wolf2 — 1Heidelberg University — 2Max Planck Institute for
Nuclear Physics, Heidelberg
The MOCCA detector is a 4k-pixel high-resolution molecule camera based on
metallic magnetic calorimeters and read out with SQUIDs that is able to detect
neutral molecule fragments with keV kinetic energies. It will be deployed at
the Cryogenic Storage Ring CSR at the Max Planck Institute for Nuclear Physics
in Heidelberg, a storage ring built to prepare and store molecular ions in their
rotational and vibrational ground states, enabling studies on electron-ion inter-
actions. To reconstruct the reaction kinematics, MOCCA measures the energy
and position of the molecule fragments incidenting on the detector, even with
multiple particles hitting the detector simultaneously.
We present an improved read-out scheme which uses a logarithmic decay time
spacing. This makes it possible to use only 32 SQUID channels for the read-out
of 4094 pixels of the detector. In addition, we compare the simulations of this
read-out scheme to previous measurements.

MS 4.13 Tue 17:00 Aula Foyer
Optimizing AMS parameters for actinide fluoride measurements— ∙Sophie
Schoberleitner, Karin Hain, Martin Martschini, Andreas Wiederin,
and Peter Steier—University of Vienna, Faculty of Physics, Austria
For anions with low ionization efficiencies by caesium sputtering, isotopic abun-
dance ratios below 10−12 pose a significant challenge even for the sensitive
method of Accelerator Mass Spectrometry (AMS), suppressing the total detec-
tion efficiency. Possibilities for improving actinide fluoride measurements at the
Vienna Environmental Research Accelerator (VERA) regarding detection effi-
ciency and reproducibility have been examined, and measurement procedures
for detection efficiencies of 236U, 237Np, 242Pu and 243Am, extracted as various
(oxy-)fluoride molecules, have been developed. Moreover, an in-depth investi-

gation of the effect of various potential alternative sample holdermaterials (Ni, C,
Fe) on the ionization efficiency of 238UF−5 has been carried out. The potential of
the fluorine-rich NdF3 sample matrix optimizing the formation of 237Np/242Pu
(oxy-)fluoride molecules, as well as the influence of injection energy and the use
of shorting rods on sections of the tandem accelerator on the ion beam trans-
mission, have been explored. The comparison of hydride suppression for 238UF−5
and 238UO− molecular systems as a function of stripper gas pressure indicates
that measurements using the fluoride system can run at lower pressure, and thus,
increase the ion optical transmission.

MS 4.14 Tue 17:00 Aula Foyer
IRPD Study of [Cu(OAc)H2O]+1 and [Cu2(OAc)3]

+1 — ∙ShabnamHaque—
Universität Leipzig, Wilhelm-Ostwald-Institut für Physikalische und Theoretis-
che Chemie, Linnéstr. 2, 04103 Leipzig, Germany
Porous materials like MOFs and zeolites containing under-coordinated Cu cen-
tres play an important role in dihydrogen adsorption as well as the efficient iso-
tope separation of H2/D2. In the present study, our focus lies on the spectro-
scopic characterization of Secondary Building Units (SBU) of MOFs and under-
stand the H2/D2 adsorption and binding behaviour. The infrared photodissoci-
ation spectra of [Cu(OAc)(H2O) -D2]

+1 and [Cu2(OAc)3 -2D2]
+1 are measured

at 14 K for both far-IR(1000-1900 cm−1) and mid-IR regions (2400-4400 cm−1).
On comparisonwith harmonic calculations (B3LYP-TZVPP), [Cu(OAc)(H2O) -
D2]

+1 is found to have a trigonal structure whereas the cationwith twoCu2+ cen-
tres assumes a paddle-wheelmotif. The DD stretch vibrations, appearing at 2802
cm−1 for [Cu(OAc)(H2O)-D2]

+1 and at 2889 cm−1 for [Cu2(OAc)3-2D2]
+1 in-

dicate a stronger bonding. Furthermore, temperature dependent measurements
performed in cryogenically cooled ring-electrode trap give an insight into the D2
adduct yield. D2 binding is found to be more efficient for [Cu2(OAc)3]

+1 com-
pared to [Cu(OAc)(H2O)]+1, indicating a higher stability of the paddle-wheel
complex.

MS 5: Heavy and Superheavy Nuclei
Time: Wednesday 11:00–13:00 Location: HS 3042

Invited Talk MS 5.1 Wed 11:00 HS 3042
Laser spectroscopy studies of heavy actinides — ∙Dominik Studer for the
Fermium-Collaboration—Helmholtz-InstitutMainz—GSIHelmholtzzentrum
für Schwerionenforschung GmbH, Darmstadt
Precise measurements of nuclear ground-state properties, e.g., spins, electro-
magnetic moments, and charge radii provide data on the shell structure and
serve as benchmarks for theory, which contribute to obtaining a comprehen-
sive picture of nuclear phenomena in heavy nuclei. However, experiments with
exotic artificial transuranics are challenging due to limited sample sizes or pro-
duction yields, and scarcity of atomic structure information. Here we report on
an extended laser spectroscopy campaign, targeting isotopes of Cf, Es and Fm.
These nuclides were predominantly produced at ORNL’s High Flux Isotope Re-
actor. Part of the sample from ORNL was subsequently also re-irradiated at the
high-flux reactor at ILL Grenoble, France, to produce 255Es, serving as a 255Fm
generator, as well as 253,254Cf. Laser spectroscopic studies were carried out at
the RISIKO mass separator at the University of Mainz using resonance ioniza-
tion spectroscopy. Broadband laser scans served to explore atomic spectra, and
high-resolution spectroscopy - feasible with sample sizes on the femtogram level
- allowed the extraction of isotope shifts and nuclear moments from hyperfine
spectra. On-line laser spectroscopy of shortlived Fm isotopes, produced by nu-
clear fusion reactions at the GSI accelerator facility in Darmstadt, complement
these studies and allowed the exploration of the N=152 neutron shell gap.

MS 5.2 Wed 11:30 HS 3042
Status of the JetRIS experiment for on-line laser spectroscopy of su-
perheavy elements — ∙Sebastian Raeder for the JetRIS-Collaboration
— GSI Helmholtzzentrum für Schwerionenforschung GmbH, Darmstadt —
Helmholtz-Institut Mainz
Laser spectroscopy of the heaviest elements is of high relevance for our under-
standing of fundamental atomic and nuclear structure. Atomic energy levels in
heavy systems become strongly influenced by electron correlations as well as rel-
ativistic effects and are largely unknown for transfermium elements, while pos-
ing amajor challenge to theory. From a nuclear physics point of view, superheavy
elements lie on the frontier to the region of enhanced shell stabilization, with
their unique structure manifesting in the evolution of various observables. Laser
spectroscopy enables the determination of spins, electromagnetic moments and
changes in mean square charge radii. Experiments on transfermium elements
have to be performed on-line with quantities of few atoms per second or be-
low. At GSI, fusion-evaporation products are separated from the primary beam
by the SHIP velocity filter and stopped in a gas cell. In-gas cell spectroscopy
has been used successfully to probe the spectra of No and Fm. However, the
spectral resolution of this method is limited by Doppler- and pressure broaden-

ing, which often renders a detailed evaluation of hyperfine structures impossi-
ble. The JetRIS setup improves spectral resolution by performing spectroscopy
in a low-pressure, low-temperature supersonic gas jet and enables experimental
linewidths in the order of few hundred MHz. The current status of the JetRIS
experiment will be presented.

MS 5.3 Wed 11:45 HS 3042
Status of Development of MR-ToFMS for JetRIS for laser spectroscopy of the
heavy actinides at GSI/HIM— ∙DannyMünzberg1,2,3, Michael Block1,2,3,
Alexandre Brizard4, Arno Claessens5, Rafael Ferrer5, Paul Fischer6,
Christian Helmel3, Mustapha Laatiaoui3, Nathalie Lecesne4, Sebas-
tianRaeder1,2, Hervé Savajols4, Moritz Schlaich7, Lutz Schweikhard6,
Matou Stemmler3, Kenneth van Beek1,7, Piet Van Duppen5, Thomas
Walther7, Klaus Wendt3, and Frank Wienholtz7 — 1GSI Helmholtzzen-
trum für Schwerionenforschung, Darmstadt, DE— 2Helmholtz-Institut, Mainz,
DE — 3Johannes Gutenberg-Universität, Mainz, DE — 4GANIL, Caen, France
— 5KU, Leuven, Belgium — 6Universität Greifswald, DE — 7Technische Uni-
versität, Darmstadt, DE
The in gas-Jet Resonant Ionization Spectroscopy (JetRIS) apparatus is applied
for laser spectroscopy of isotopes in the heavy actinide region to determine
their atomic and nuclear properties, at GSI, Darmstadt, Germany. So far, JetRIS
utilizes α-decay detection to maximize sensitivity while minimizing the back-
ground fromunwanted ions. However, for long-lived nuclides (t 1

2
> 10 h) decay-

based detection will not be practical. Therefore a multi-reflection time-of-flight
mass separator (MR-ToFMS) will be added to the JetRIS apparatus, allowing for
a separation of ions by their mass-to-charge ratios with a high mass-resolving
power and efficiency. This will open up the possibility of mass-selective ion
detection with low background and will also enable the measurement of non
α-decaying species, as well as long-lived and stable isotopes. The MR-ToF MS
design is developed within the Darmstadt’s MR-ToF (Da’s MR-ToF) Collabora-
tion and an overview on the setup and its integration into JetRIS will be given.
The status of the comissioning, as well as experimental results and prospects for
future measurements will be discussed.

MS 5.4 Wed 12:00 HS 3042
Characterization of the MR-ToF for JetRIS at GSI/HIM — ∙Christian
Helmel1,3, Michael Block1,2,3, Alexandre Brizard4, Arno Claessens5,
Rafael Ferrer5, Paul Fischer6, Mustapha Laatiaoui3, Nathalie
Lecesne4, Danny Münzberg1,2,3, Sebastian Raeder2,3, Hervé Savajols4,
Moritz Schlaich7, Lutz Schweikhard6, Matou Stemmler1, Kenneth
van Beek2,7, Piet Van Duppen5, Thomas Walther7, Klaus Wendt1, and
Frank Wienholtz7 — 1Johannes Gutenberg-Universität, Mainz, DE — 2GSI
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Helmholtzzentrum für Schwerionenforschung, Darmstadt, DE — 3Helmholtz-
Institut, Mainz, DE — 4GANIL, Caen, France — 5KU, Leuven, Belgium —
6Universität Greifswald, DE — 7Technische Universität, Darmstadt, DE
At the GSI inDarmstadt and theHelmholtz Institute inMainz laser spectroscopy
is utilized to determine nuclear and atomic properties of heavy actinides with
high precision. To extend the range of accessible nuclides practically indepen-
dent of their half-lives and their decay mode the detection capability of the ex-
isting systems will be expanded by a Multi-Reflection Time-of-Flight Mass Sep-
arator (MR-ToFMS). This MR-ToF, built within the Da’s MR-ToF Collaboration,
enablesmass-selective ion detection. Currently, theMR-ToFMS is in the charac-
terization phase establishing the resolving power and the efficiency, for example,
with off-line ion sources. An example of this would be the determination of
the time focus on which the resolution and the circulation rate are to be opti-
mized. Furthermore the influence of the beam path on the detector signal has
to be tested. In addition, a cooler buncher is to be integrated to determine the
influence of the energy distribution on the signal and make laser spectroscopy
measurements with high repetition lasers possible. In the future, the MR-ToF
MS will be added in the JetRIS setup for off-line and on-line MRToF assisted
laser spectroscopy.

MS 5.5 Wed 12:15 HS 3042
Optimization and development of RFQ Cooler Bunchers for S3-LEB at
GANIL and JetRIS at GSI — ∙Alexandre Brizard for the S3-LEB and
JetRIS-Collaboration — GANIL, CEA/DRF-CNRS/IN2P3, Caen, France — GSI
Helmholtzzentrum fur Schwerionenforschung GmbH, Darmstadt, Germany
At the focal plane of the S3 separator in GANIL, the S3-Low Energy Branch
(S3-LEB) will perform in-gas-jet resonant laser ionization to access fundamental
properties of exotic nuclei. This highly selective and efficient technique will pro-
duce pure beams for further measurements, among those mass measurements
by a Multi-Reflection Time-Of-Flight Mass Spectrometer (MR-ToF-MS). JetRIS
is working in complement to the RadiationDetected Resonance Ionization Spec-
troscopy (RADRIS) setup at GSI. The technique is similar to the one of the S3-
LEB gas cell, with RIS performed in a hypersonic gas jet to reduce the pressure
and Doppler broadening. Presently, an alpha detector is used for efficient detec-
tion with low background. An MR-ToF-MS will be installed to study long-lived
nuclides where alpha detection is impractical as well as beta-decaying nuclides.
The MR-ToF-MS requires a beam bunching. A RFQ Cooler Buncher (RFQcb)
has been designed and is commissioned with the S3-LEB setup. Ion-trajectory
simulations will help optimizing the transmission and properties of bunches.
The design of the JetRIS bunching unit is finalised and its commissioning will
happen in 2024. Here, we present the ongoing work on the RFQcb simulations
to improve the performances of S3-LEB in GANIL, and the design of the new
RFQcb for JetRIS at GSI.

MS 5.6 Wed 12:30 HS 3042
Hyperfine structure of a Lawrencium homologue via Laser Resonance
Chromatography — ∙Aayush Arya1, Eunkang Kim1, Michael Block1,2,3,
Biswajit Jana1, Sebastian Raeder2,3, Harry Ramanantoanina1, Elisa-
beth Rickert1, Elisa Romero Romero1, and Mustapha Laatiaoui1,2,3
— 1Johannes Gutenberg-Universität Mainz, D-55128 Mainz — 2Helmholtz-
Institut-Mainz, D-55128 Mainz — 3GSI Helmholtzzentrum für Schwerionen-
forschung, D-64291 Darmstadt
Atoms of different chemical elements possess absorption lines which serve as
their unique fingerprints and provide direct insight into their internal struc-
ture. At present, elements up to atomic number 118 have been discovered, but
due to their very short lifetimes and extremely low production rates even at the
most intense beam facilities, the transfermium elements have thus far evaded
direct spectroscopy. Recently, resonance ionization spectroscopy of nobelium
was successfully achieved “one atom at a time”. However, pushing beyond no-
belium with existing methods is challenging, and may require development of
new methods for accessing even a single element. To this end, a technique
named Laser Resonance Chromatography was conceived and has been success-
fully commissioned. Here, we present measurements of hyperfine structure and
isotope shifts of lutetium ions using this method.As lutetium is an electronic
homologue of lawrencium, our method relying on the ion-mobility based sepa-
ration of different excited states directly demonstrates its potential for the laser
spectroscopy of Lr and opens a new window for studying the superheavy ele-
ments.

MS 5.7 Wed 12:45 HS 3042
Designing a compact buffer-gas cell for recoil-ion sources for the SHIP-
TRAP experiment — ∙Jaykumar Patel1,2, Michael Block1,3,4, Francesca
Giacoppo1,4, Manuel J. Gutiérrez1,4,5, and Alexandre Obertelli6,7 —
1GSI, Darmstadt, Germany — 2TUD, Darmstadt, Germany — 3JGU, Mainz,
Germany — 4HIM, Mainz, Germany — 5University of Greifswald, Germany —
6IKP, TU Darmstadt, Germany — 7RIKEN Nishina centre, Japan
Masses of transuranium nuclides, for example around theN=152 deformed shell
gap are pivotal for understanding shell evolution and nuclear structure in that re-
gion. By combining α decay energies and direct mass measurements e.g. from
SHIPTRAP and RIKEN-KEK, various masses in this region have already been
determined. However, expecting extended regions of enhanced stability, the shell
gap evolution in different isotopic chains is of interest. Mass measurements on
long lived isotopes can be performed with high precision with Penning traps
by using different ion sources. Currently used laser-ablation ion sources need
large sample sizes, which is unsuitable for transuranium isotopes. This can be
overcome by recoil ion sources where the recoil ions from α decays can be used
for mass measurements. This work aims at building a compact buffer gas cell in
which recoil ions are stopped at low energies for efficient transport to the Pen-
ning trap. The cell with a funnel-type electrode system will operate at room tem-
perature with He gas at pressures around 50 mbar. This setup, enabling offline
measurements of certain isotopes, can serve as a reference for mass measure-
ments of superheavy element at SHIPTRAP, GSI Darmstadt.

MS 6: New Methods, AMS II, Applications, Actinides
Time: Wednesday 17:00–19:00 Location: HS 3042

Invited Talk MS 6.1 Wed 17:00 HS 3042
Can we tame neutrons with a storage ring? — ∙Iris Dillmann — TRIUMF
Vancouver, Canada — University of Victoria, Canada
Neutrons play a crucial role in the synthesis of elements heavier than iron in
stars and stellar explosions via the slow (s), intermediate (i), and rapid (r) neu-
tron capture processes.

Due to the location of these processes on the chart of nuclei, the availabil-
ity of experimental data greatly differs. While masses and beta-decay half-lives
are well measured for the majority of the presently known ~3300 nuclei, neu-
tron capture reactions have only measured at and close to stability in the past
50 years [1]. However, the direct measurement of neutron cross sections with
shorter half-lives (half-live <1 year) requires the use of radioactive beams in in-
verse kinematics and the development of new methods.
For the measurement of neutron capture cross sections of shorter-lived nuclei

so far only indirect methods have been used. I will describe a path towards a
pioneering facility consisting of a heavy-ion storage ring connected to our ISAC
radioactive beam facility at TRIUMF where some of these reactions could be
measured directly, with a moderated neutron target [1].
[1] I. Dillmann, O. Kester, et al., Eur. Phys. J. A59 (2023) 105

MS 6.2 Wed 17:30 HS 3042
Assessment of anthropogenic actinide background levels on HZDR’s re-
search campus — ∙Sebastian Fichter1, Karin Hain2, Peter Steier2,
Michael Hotchkis3, and Anton Wallner1 — 1Helmholtz-Zentrum

Dresden-Rossendorf, Institute of Ion Beam Physics and Materials Research,
Dresden, Germany— 2University of Vienna, Faculty of Physics, Isotope Physics,
Vienna, Austria — 3Australian Nuclear Science and Technology Organisation,
Lucas Heights, Australia
The new multi-purpose 1-MV AMS facility HAMSTER (Helmholtz Accelera-
tor Mass Spectrometer for Tracing Environmental Radionuclides) in Dresden-
Rossendorf will commence operation in 2024. The new machine is dedicated
to the analysis of ultra-trace levels of actinides in environmental samples. Thus,
the aim of this study is to assess the actinide background on HZDR’s research
campus to rule out any potential contamination caused by the former research
reactor on-site. Hence, several soil samples close to the construction site of
the new accelerator building and former radioisotope production facilities have
been analyzed. The samples have been processed in the existing chemistry labs
of HZDR’s 6-MV DREAMS facility and the newly established HAMSTER labs
showing comparable low background levels. The measured Pu concentrations
and isotopic ratios are in agreement with global fallout signature. However, in
some samples increased 236Uconcentrations and relatively low 233U/236Uatomic
ratios have been detected pointing to an additional reactor source of 236U. Ad-
ditional sample analysis will be performed with HAMSTER in 2024.

MS 6.3 Wed 17:45 HS 3042
Where do we lose Protactinium in Environmental Sample Preparation for
Accelerator Mass Spectrometry? — ∙Janis Wolf1,2, Astrid Barkleit2,
Leonie Ebenberger1,3, Sebastian Fichter1, Robin Steudtner2, andAnton
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Wallner1 — 1Institute of Ion BeamPhysics andMaterials Research, Helmholtz-
Zentrum Dresden-Rossendorf — 2Institute of Resource Ecology, Helmholtz-
Zentrum Dresden-Rossendorf — 3University of Vienna, Austria
Protactinium-231 (Pa-231) is a long lived (t1/2 = 3.28⋅104 a), naturally occurring
radionuclide, produced in the natural decay series of uranium-235 (U-235). A
measurement of Pa-231 at environmental concentrationswould enable the inves-
tigation of the migration pattern of Pa-231 in the environment and thus improve
the radiological risk assessment of the U-235 decay chain.

Pa-231 is not yet routinely measured by Accelerator Mass Spectrometry
(AMS) but procedures for the chemical sample preparation for AMS measure-
ments of Pa-231 are currently being developed. The biggest challenge in estab-
lishing a Pa-231 measurement procedure is the lack of knowledge on the chem-
ical behavior of Pa. High losses of Pa in the sample preparation pose the biggest
issue in the development of a reliable and reproducable chemical sample prepa-
ration procedure.

Using the short-lived isotope, Pa-233 (t1/2 = 27 days), we tested the AMS sam-
ple preparation procedure for different environmental samples. By conducting
gamma activity measurements of Pa-233 after every sample preparation step, a
comprehensive overview of the biggest Pa sinks is established.

MS 6.4 Wed 18:00 HS 3042
Residence time measurements of Cl− ions inside the ILIAMS cooler in equi-
librium — ∙Felix Albrecht, Martin Martschini, Michael Kern, Peter
Steier, and Robin Golser—University of Vienna, Faculty of Physics, Austria
The ILIAMS (Ion-Laser InterAction Mass Spectrometry) ion cooler, developed
at VERA (Vienna Environmental Research Accelerator), plays a pivotal role in
providing isobar separation for isotopes that are typically inaccessible to mid-
energy accelerator mass spectrometry systems. By combining a gas-filled RFQ
ion guide with high-powered lasers, ILIAMS suppresses unwanted isobaric an-
ions via laser photodetachment. The suppression efficiency is limited by the ion
residence time inside the cooler, which can be varied mainly through the buffer
gas pressure and the guiding field strength.

For the first time, measurements of the ion residence time at equilibrium
conditions were performed using a new, custom-built multi-beam switcher.
Through sequential injection of the stable isotopes 35Cl− and 37Cl−, followed by
mass separation by aWien filter, the buildup- and washout functions of both ion
species were observed. The about 3-times higher-current 35Cl− beam pushed the
previously injected, lower-current 37Cl− ions through the cooler, yielding a peak
in the washout function. This allowed for a direct observation of space charge
effects inside the ILIAMS cooler.

Similarly, by pulsed injection of 37Cl− into a 35Cl−-filled cooler, residence time
distributions of the former were directly measured.

MS 6.5 Wed 18:15 HS 3042
Development of an Ion Mobility Spectrometer towards studies of Lan-
thanides and Actinides — ∙Biswajit Jana1,2, Aayush Arya1,2, Eunkang
Kim1,2, Elisabeth Rickert1,2,3, Elisa Romero Romero1,2, Harry
Ramanantoanina1,2, Sebastian Raeder2,3, Michael Block1,2,3, and
Mustapha Laatiaoui1,2,3 — 1Department Chemie, Johannes Guten-
berg Universität, Fritz-Strassmann-Weg 2, 55128 Mainz, Germany —
2Helmholtz-Institut Mainz, Staudingerweg 18, 55128 Mainz, Germany — 3GSI
Helmholtzzentrum für Schwerionenforschung, Planckstraße 1, 64291 Darm-
stadt, Germany.

Relativistic effects significantly alter the electronic configuration of the heavi-
est elements and strongly influence their chemical and physical properties. Ion
mobility within a noble gas environment is sensitive to the ions’ electronic con-
figuration due to ion-neutral gas interactions, unveiling the impact of relativistic
effects on their structure. An ion mobility spectrometer was developed to pre-
cisely measure the reduced ion mobility of heavy lanthanides and actinides by
conducting parametric studies under varying electric fields, buffer-gas pressures,
and temperatures. Ions from a specific element are generated through laser abla-
tion. Following extraction, cooling, and bunching via an RF buncher, these ions
traverse the drift tube and are separated by mass using a quadrupole mass spec-
trometer prior to detection. Here I report systematic ionmobility measurements
of Lu+ ions drifting in helium gas for reduced electric fields, spanning from 1 to
30 Td.

MS 6.6 Wed 18:30 HS 3042
A compact single ion detector system for radioactive isotopes with α-
decay energy discrimination — ∙Tom Kieck1,2, Sebastian Raeder1, and
Michael Block1,2,3 — 1GSI Helmholtzzentrum für Schwerionenforschung
GmbH, Darmstadt — 2Helmholtz-Institut Mainz — 3Johannes Gutenberg-
Universität, Mainz
The detection of single ions is usually done by secondary electron multiplica-
tion. When detecting isotopes originating as daughters from a radioactive decay
and accelerator-produced radionuclides they need to be discriminated from un-
wanted stable and radioactive ions created in the beam-preparation processes.
The detection of specific α-decay energies in a silicon detector provides a ver-
satile solution. It can be a less complex and more compact alternative to mass
spectrometric methods. The implementation and challenges of such a detector
system in a cost-effective and "open" way will be presented together with appli-
cation examples from off-line measurements and on-line laser spectroscopy of
actinides.

MS 6.7 Wed 18:45 HS 3042
Production and characterisation of synthetic homogenous multi-element ac-
tinides samples via sol-gel as standards for mass spectrometry — ∙Aaron
Lehnert, Paul Hanemann, Darcy van Eerten, Sandra Reinhard, Tim
Schmalz, and Clemens Walther — Institute of Radioecology and Radiation
Protection, Leibniz University Hannover, Herrenhäuser Straße 2, 30419 Han-
nover, Germany
MetroPOEM[1] is committed to developing SI-traceablemixed element reference
materials for the calibration of mass spectrometric devices. In nuclear forensics,
elemental selectivity and precise spatially resolvedmass spectrometry is essential
for ultra-trace analysis of environmental samples. Resonant laser secondary neu-
tral mass spectrometry (rL-SNMS) combines both element selective isotope ra-
tio measurements and spatial resolution on themicrometre scale. Multi-element
reference materials are needed to investigate different ionisation efficiencies for
the elements important for environmental analytics.

In this work we present a production method of mixed actinide samples such
as U, Pu and Am via sol-gel. These samples consist exclusively of the respective
metal and fulfil the conditions for homogeneity confirmed by EDX and SIMS.
The spatially resolved element distributionwas determined using rL-SNMS. ICP-
MS is also used to determine the element composition.

[1]MetroPOEM is a collaboration of 22 partners from 13 countries
throughout Europe funded by EURAMET under grant number 21GRD09
https://www.npl.co.uk/euramet/metropoem

MS 7: Accelerator Mass Spectrometry III
Time: Thursday 11:00–13:00 Location: HS 3042

Invited Talk MS 7.1 Thu 11:00 HS 3042
High-precision mass measurements for nuclear structure and nuclear astro-
physics— ∙AnuKankainen—University of Jyväskylä, Department of Physics,
Accelerator laboratory, P.O. Box 35(YFL), FI-40014 University of Jyväskylä, Fin-
land
High-precision atomic mass measurements with a Penning trap provide a way to
precisely determine nuclear binding energies even for short-lived radioactive nu-
clei. Nuclear binding energies serve as excellent testing points for nuclearmodels
and understanding nuclear structure far from stability. Masses are also key in-
puts for nuclear astrophysics applications, such as for the rapid neutron capture
process (r process) responsible for around half of the heavy-element abundances
above iron. Penning-trap mass spectrometry can also be used to determine ex-
citation energies of isomeric states.

We have measured more than 460 atomic masses, including over 70 isomeric
states, with the JYFLTRAP double Penning trap mass spectrometer at the Ion
Guide Isotope Separator On-Line (IGISOL) facility in the Accelerator Labora-
tory of the University of Jyväskylä, Finland. A large number of low-lying iso-
meric states have been recently measured with the phase-imaging ion cyclotron

resonance technique. In many cases, the measurements have been supported
by laser or post-trap decay spectroscopy to further identify the studied states. In
my presentation, I will give an overviewwith selected highlights on our precision
mass measurements for nuclear structure and astrophysics.

MS 7.2 Thu 11:30 HS 3042
AMS of I-129 at low energies - 10 years later — Christof Vockenhuber1,2,
∙Núria Casacuberta Arola1,2, and Marcus Christl1 — 1Laboratory of Ion
Beam Physics, ETH Zurich, Zurich, Switzerland — 2Department of Environ-
mental Systems Science, ETH Zurich, Zurich, Switzerland
For the DPG 2014 conference in Berlin we had a contribution on AMS of I-129
at low-energy AMS systems. Focusing on the 500 kV Tandy at the Laboratory
of Ion Beam Physics at ETH Zurich, we were discussing the advantages but also
the challenges of measuring this long-lived radionuclide at low energies with a
special focus on cross contamination and its correction.

Here we will provide a review of I-129 AMS at low energies, after the experi-
ence we gained in the last 10 years bymeasuring thousands of samples. Although
most of themeasurements were performed in the AMSTandy system, since a few
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years the 300 kV multi-isotope systems MILEA is also in our portfolio. MILEA
helped in expanding the measurement capabilities with a new type of ion source
and an improved ion-optical setup. We will compare measurements performed
at both Tandy and MILEA and discuss the performance with the focus on back-
ground, cross contamination and detection limit. Finally, we will also show a few
examples of the application of I-129 as an anthropogenic ocean tracer from the
past 10 years.

MS 7.3 Thu 11:45 HS 3042
First 129I Measurements at CologneAMS — ∙Christian Schlaier1, Ste-
fan Heinze1, Martina Gwozdz1, Gereon Hackenberg1, MarcoMichel2,
Markus Schiffer1, Erik Strub2, and DennisMücher1 — 1Institut für Kern-
physik, University zu Köln — 2Institut für Kernchemie, Universität zu Köln
In the Atacama Desert, one of the driest places in the world, plants had to adapt
to survive with the low humidity mainly caused by fog. This fog contains an
increased proportion of the unstable rare 129I due to nuclear bomb tests in the
South Pacific. The AMS Iodine analysis of this plants can be used to gain infor-
mation about environmental conditions and might help the colabborating bio-
and geoscientists of the CRC1211 to understand the evolution of life in the hyper
arid environement.
For this reason first Iodine measurements have been performed at the 6 MV
AMS system of CologeneAMS. Standard samples covering the entire capabilities
of the accelerator system were measured. In this contribution we will present the
current status and the results of the Iodine measurements in Cologne.

MS 7.4 Thu 12:00 HS 3042
Analysis of 90Sr in environmental samples with utmost sensitivity by Ac-
celerator Mass Spectrometry — ∙Martin Martschini1, Silke Merchel1,
StephanWinkler2, MakiHonda3, and Robin Golser1 — 1University of Vi-
enna, Faculty of Physics, Austria— 2HZDR, AcceleratorMass Spectrometry and
Isotope Research, Germany — 3Japan Atomic Energy Agency, Japan
The world-wide unique Ion-Laser InterAction Mass Spectrometry (ILIAMS)
technique at the Vienna Environmental Research Accelerator AMS-facility pro-
vides unprecedented sensitivity for the radiologically relevant anthropogenic ra-
dioisotope 90Sr (T1/2 = 28.9 a). Highly-efficient suppression of the isobaric inter-
ference 90Zr via ion-gas-reactions and laser photodetachment of ZrF−3 inside a
radiofrequency-quadrupole ion cooler enables a blank value of 90Sr/Sr < 5×10−16
at an overall Sr-detection efficiency of 4×10−4. This corresponds to a detection
limit of <0.016mBq, i.e., 2×104 atoms or 3 ag of 90Sr in a sample of mg of stable
Sr, which is at least a factor 100 better than with any other technique including
conventional AMS.

Recently, we have successfully applied this technique to determine the 90Sr/Sr
ratio in <1 g of contemporary coral aragonite and samples of 300-500ml of South
Atlantic seawater. Furthermore, the 90Sr content in environmental archives like
deer antlers, snail shells and ivory has been analyzed with sample sizes as low as
2mg of ashed material. Measurement results on IAEA reference materials (bone
and soil) are in good agreement with their expected values and demonstrate the
robustness of the technique.

MS 7.5 Thu 12:15 HS 3042
Developments towards ion cooler assisted 90Sr measurements at
CologneAMS — ∙Oscar Marchhart1,2,3, Markus Schiffer3, Elisa
Linnartz3, Martin Martschini1, Melisa Maslo4, Gereon Hackenberg3,
Timm-Florian Pabst3, Peter Steier1, Erik Strub4, Tibor Dunai5, Dennis
Mücher3, and Robin Golser1 — 1University of Vienna, Faculty of Physics -
Isotope Physics, Vienna, Austria — 2University of Vienna, Faculty of Physics &
Vienna Doctoral School in Physics, Vienna, Austria — 3University of Cologne,
Institute for Nuclear Physics, Cologne, Germany — 4University of Cologne,
Division of Nuclear Chemistry, Cologne, Germany — 5University of Cologne,
Institute of Geology and Mineralogy, Cologne, Germany

The fission product 90Sr (T1/2 = 28.90 a) is a radiotoxic trace nuclide produced
with high yield in the nuclear fuel cycle andweapons tests. State-of-the-art radio-
metric measurements are time-consuming and cumbersome, hence, accelerator
mass spectrometry (AMS) has the potential to be a fast and highly sensitive al-
ternative, especially for large quantities.
In a collaboration between the University of Vienna and University of Cologne,
a new advanced ion cooler for ion beams with high emittance, e.g. SrF−3 , was de-
signed and built. Performance tests, including residence time measurements,
have been conducted at a dedicated test bench in Vienna. Simultaneously, a
simple and fast chemical preparation for Sr in soil samples for large amounts
of samples is worked on. The performance tests and sample preparation will be
presented.

MS 7.6 Thu 12:30 HS 3042
53Mn burial dating at Cologne-AMS — ∙Gereon Hackenberg1, Markus
Schiffer1, Steven Binnie2, Alfred Dewald1, Tibor Dunai2, Stefan
Heinze1, Timm-Florian Pabst1, and Dennis Mücher1 — 1Insitute for Nu-
clear Physics, University of Cologne — 2Instiute for Geology and Mineralogy,
University of Cologne
The CRC1211 Earth - Evolution at the Dry Limit investigates the formation and
evolution of life and landscapes in severely water-limited environments, which
constitute significant portions of the Earth. Age determination of sporadically
deposited sediments in hyper-arid and arid regions poses challenges due to the
absence of age-indicating fossils. In this presentation we discuss a novel ap-
proach using Accelerator Mass Spectrometry (AMS) to measure the cosmogenic
53Mn/3He concentration in iron-titanium oxides (hematite, magnetite, titano-
magnetite, ilmenite). Notably, 53Mn, with a half-life of T=3.74*Ma, offers ex-
tended exposure times compared to 26Al/10Be burial dating.

The utilization of AMS for 53Mn demands a Tandem accelerator with a high
terminal voltage, exemplified by the 10MV FN-Tandem accelerator at the Uni-
versity of Cologne, coupled to a gas-filled magnet. Systematic optimization, in-
cluding the development of a new Bragg detector and enhanced stability of the
accelerator voltage via active slit control, has resulted in stable conditions for
53Mn burial dating, achieving a low blank level of 53Mn/55Mn < 10−13. Our
presentation includes dating results from Namibian iron oxide surface samples
and a discussion of their implications for advancing our understanding of the
geological dynamics within the Namibian desert.

MS 7.7 Thu 12:45 HS 3042
Utilizing δ13C from IRMS to improve the precision of AMS measur-
ments — ∙Martina Gwozdz1, Andrea Jaeschke2, Stefan Heinze1, Janet
Rethemeyer2, Dennis Mücher1, and Markus Schiffer1 — 1University of
Cologne, Institute for Nuclear Physics, Cologne, Germany — 2University of
Cologne, Institute for Geology and Mineralogy, Cologne, Germany
Within the CRC1211 project-Evolution at the Dry Limit, there is a need for pre-
cise dating analysis on soil samples from the Atacama Desert, which are char-
acterized by low carbon contents. We employ an elemental analyser, an isotope
ratio mass spectrometer and an existing gas interface in conjunction with the 6
MV AMS system of CologneAMS. This setup facilitates a fully automated, on-
line analysis of 14C/12C, while also delivering accurate δ13C values. To address
the compatibility of δ13C values derived fromAMS and IRMSmeasurements for
fractionation correction, we simultneously determined δ13C values from various
standardmaterials using bothAMS and IRMS. Our findings reveal that themean
δ13Cvalues fromAMS and IRMS alignwithin their respective error ranges. Con-
sequently, we advocate for the utilization of the more precise δ13C values from
IRMS for an effective and refined AMS fractionation correction. Notably, our
investigation did not unveil any correlation between the observed scattering of
δ13C AMS values and fluctuations in the 14C/12C AMS ratios. This insight sheds
light on the origin of small fluctuations beyond statistical expectations in radio-
carbon AMS dating applications.

MS 8: Members’ Assembly
Time: Thursday 13:00–14:00 Location: HS 3042
All members of the Mass Spectrometry Division are invited to participate.

MS 9: Accelerator Mass Spectrometry IV
Time: Friday 11:00–13:00 Location: HS 3042

Invited Talk MS 9.1 Fri 11:00 HS 3042
Influx of interstellar 60Fe and 244Pu onto Earth within the last 10 million
years recorded in a ferromanganese crust — ∙Dominik Koll1,2,3, Anton
Wallner2,3, Michael Hotchkis4, Sebastian Fichter2, L. Keith Fifield1,
Michaela Froehlich1, Michi Hartnett1, Johannes Lachner2, Stefan

Pavetich1, Georg Rugel2, Zuzana Slavkovska1, and Steve Tims1 — 1The
Australian National University, Canberra, Australia — 2Helmholtz-Zentrum
Dresden-Rossendorf, Dresden, Germany — 3TU Dresden, Dresden, Germany
— 4Australian Nuclear Science and Technology Organisation, Sydney, Australia
Within the last 25 years, copious evidence was presented for supernova-
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produced 60Fe influxes onto Earth using accelerator mass spectrometry (AMS);
pointing to a near-Earth supernova activity within the last fewmillion years. The
rare interstellar r-process radionuclide 244Pu, however, was only recently discov-
ered. The combination of both, supernova-produced 60Fe and r-process 244Pu,
allows to shed light onto the nucleosynthesis site of heavy elements in the uni-
verse.

A well-characterized and 10Be-dated ferromanganese crust from the Pacific
Ocean was used to search for 60Fe and 244Pu abundances with unprecedented
time-resolution and sensitivity. The acquired 60Fe profile shows two pronounced
peaks of 60Fe influxes with updated timing. A r-process 244Pu influx was discov-
ered with a time-resolution of 1Myr within the last 10Myr due to the extraordi-
narily high total efficiency of Pu AMS of 1% achieved in this project.

MS 9.2 Fri 11:30 HS 3042
Environmental 99Tc concentrations determined by AMS — ∙Karin
Hain1, Stephanie Adler1, L. Keith Fifield2, Fadime Gülce1, Martin
Martschini1, Stefan Pavetich2, Stephen G. Tims2, and Robin Golser1
— 1University of Vienna, Faculty of Physics, Austria — 2Australian National
University, Research School of Physics, Australia
In the last 4.5 years we have intensively studied possibilities of analyzing environ-
mental concentrations of the anthropogenic radionuclide 99Tc (t1/2 =2.1⋅10

5 yr)
with AMS. The applied techniques for isobar suppression comprised the gas-
filled analyzing system (GAMS) at the TU Munich and an 8-anode ionization
chamber at the Australian National University (ANU, Canberra), both using a
tandem accelerator with a terminal voltage of up to 14MV. Experiments using
the 3MV tandem at VERA investigated the application of Ion-Laser InterAction
Mass Spectrometry (ILIAMS).While all three methods achieved a 99Ru suppres-
sion that enabled detection of Tc from global fallout, i.e. a blank level below 5⋅106
at/sample, none of them could make use of the 97Tc spike added for normaliza-
tion to obtain absolute concentrations owing to its omnipresent isobar 97Mo. At
ANU, we have followed the example of TU Munich and used the 93Nb12+ cur-
rent for normalization, achieving a precision of 15% when extracting TcO− and
NbO− from the ion source. This allowed the determination of the 99Tc concen-
tration in selected samples fromdifferent environmental reservoirs, including 1 g
peat bog samples and 10 L water samples from the Pacific Ocean and European
rivers.

MS 9.3 Fri 11:45 HS 3042
Isobar suppression and normalization methods for ultra-trace analysis of
Tc-99 — ∙Stephanie Adler1, Karin Hain1, Martin Martschini1, Stefan
Pavetich2, Steve G. Tims2, L. Keith Fifield2, Dominik Koll2, and Robin
Golser1 — 1University of Vienna, Faculty of Physics, Austria — 2Australian
National University, Research School of Physics, Australia
Determination of absolute concentrations of the anthropogenic radionuclide
99Tc (t1/2=2.1 × 105 yr) in environmental samples by AMS requires suppression
of the stable isobaric background of 99Ru and a reliable normalization method.
At the Vienna Environmental Research Accelerator (VERA), isobar suppression
is addressed with Ion-Laser InterAction MS (ILIAMS). It was shown that RuF−5
can be suppressed by a factor of up to 105 using a 532 nm-laser, making extrac-
tion of 99TcF−5 a viable option for ILIAMS. For normalization to NbF−5 extracted
from the same sample, the reproducibility of the method was significantly im-
proved from 50% to 15% by optimization of ion source parameters. Without
ILIAMS, the separation of 99Ru from 99Tc is currently only possible at the AMS
facility at the Australian National University (ANU), using ion energies of up to
190MeV. There, TcO− extraction and normalization to the 93Nb-current showed
a reproducibility of 15%. 99Ru and 99Tc are separated in an 8-anode ionization
chamber owing tominute differences in their energy loss characteristics, observ-
able only at highest ion energies. This method yielded a Ru suppression factor
of 8000, and recent investigations showed a potential improvement by using an
additional SiN degrader foil stack.

MS 9.4 Fri 12:00 HS 3042
Towards the Redetermination of the Half-life of 32Si - AMS Measurement—
∙Matthias Schlomberg, Christof Vockenhuber, and Hans-Arno Synal
— Laboratory of Ion Beam Physics, ETH Zurich
32Si is a cosmogenic, long-lived radionuclide with potentially interesting appli-
cations for dating the recent past. However, its half-life of about 150 years is
still not known with sufficient precision despite several independent measure-
ments over the past four decades. The SINCHRON collaboration with partners
from PSI, CHUV, PTB and ETH aims at a comprehensive redetermination of the
half-life of 32Si.

The Laboratory of Ion Beam Physics (LIP) at ETH Zurich will perform the
AMS measurements using the 6 MV-Tandem facility for the determination of
the number of 32Si atoms in the samples used for the activity measurement. This
task is especially challenging since an absolute measurement must be performed
without having any standard material available.

Therefore, we developed a dedicated method using a passive gas absorber in
front of a gas ionization detector for separation of 32Si from its isobar 32S at 30
MeV and 40 MeV which is compared to the standard method of using a gas-
filled magnet. In this talk, the measurement setup and first results are presented
and discussed. Furthermore, an outlook is given for a possible improvement and
application to natural samples.

MS 9.5 Fri 12:15 HS 3042
Towards the half-life of 135Cs — ∙Alexander Wieser1,2, Johannes
Lachner2, Serge Nagorny3, Martin Martschini1, Anton Wallner2, and
Robin Golser1 — 1University of Vienna - Faculty of Physics, Isotope Physics
— 2HZDR - Accelerator Mass Spectrometry and Isotope Research — 3Queen’s
University Kingston - Engineering Physics and Astronomy
135Cs is a long-lived radionuclide which is produced both naturally via spon-
taneous fission of 238U and anthropogenically in neutron induced fission. The
half-life of 135Cs is of special interest for geological repositories for high-level nu-
clear waste. The dose from the repository is dominated by 135Cs on amillion year
timescale, however the half-life is not very well known. Published values range
from 0.7Myr to 3.0Myr. For determining the half-life we need both, an activity
measurement and a mass-spectrometric determination of the number of 135Cs
atoms in a sample, however, both measurements are challenging. 135Cs is a pure
beta-emitter and has a low end-point energy of only 268 keV, making low-level
beta-measurements difficult, mainly due to interferences from other short-lived
cesium isotopes. For the mass spectrometric determination, Cs measurements
suffer from isobaric interference from the highly abundant 135Ba. We present in
this talk first results of accelerator mass spectrometry measurements of 135Cs
in a Cs2ZrCl6-crystal which was previously analyzed at Laboratori Nazionali
del Gran Sasso, where a 135Cs activity in the 100mBq/kg-range was determined
[Belli et al. 2023, EPJ A].

MS 9.6 Fri 12:30 HS 3042
Characterizing Lunar Soil with Cosmogenic Radionuclides for the Search
for Interstellar Radionuclides — ∙Sebastian Zwickel1,2, Sebastian
Fichter1, Dominik Koll1,2,3, Johannes Lachner1, Marc Norman3, Ste-
fan Pavetich3, Georg Rugel1, Konstanze Stuebner1, Steve Tims3, Jo-
sua Vahle1,2, Stephan Winkler1, and Anton Wallner1,2 — 1Helmholtz-
Zentrum Dreden-Rossendorf, Dresden, Germany — 2Technische Universität
Dresden, Dresden, Germany — 3Australian National University, Canberra,
Australia
Despite being responsible for the nucleosynthesis of half of all heavier nuclides
in the galaxy, the site of the r-process is still an open question in nuclear as-
trophysics. The detection of the pure r-process nuclide 244Pu, live, in deep-sea
ferromanganese crusts already demonstrated ongoing r-process events. A com-
plementary archive for 244Pu is lunar soil - lacking in time resolution, but offer-
ing a proposed exposure time to interstellar dust deposition ranging from a few
up to hundreds of million years. In this project we aim for the detection of inter-
stellar 244Pu and 60Fe in lunar soil. Important will be the proper characterization
of lunar soil for exposure history and composition. Among various additional
analytical methods, we measure cosmogenic 10Be, 26Al, 41Ca and 53Mn.

This talk presents first results of the cosmogenic radionuclides 10Be, 26Al and
53Mnmeasured in a set of lunar samples and discusses their use in characterizing
the exposure history of the samples.

MS 9.7 Fri 12:45 HS 3042
Chasing Stardust: Unveiling Radionuclide Signatures in Antarctic Ice
— ∙Annabel Rolofs1, Dominik Koll1,2, Florian Adolphi3, Maria
Hörhold3, Johannes Lachner1, Stefan Pavetich2, Georg Rugel1, Steve
Tims2, Sebastian Zwickel1, and Anton Wallner1 — 1Helmholtz-Zentrum
Dresden-Rossendorf (HZDR), Dresden, Germany — 2Australian National Uni-
versity (ANU), Canberra, Australia — 3Alfred-Wegener-Institut, Bremerhaven,
Germany
Radionuclides provide clues about the solar system’s history and can elucidate
the role of supernovae in its evolution. The production of 60Fe in massive stars
and its ejection in supernovae make this isotope an invaluable indicator to re-
construct cosmic history. Earlier studies showed an 60Fe activity about 2 - 3Myr
ago, as well as an older influx 7 - 8Myr ago, both attributed to interstellar dust
containing traces of supernova-produced 60Fe.

In this project, we analyse continuous-flow analysis (CFA) water from an
Antarctic EDML ice core for its radionuclide concentrations to bridge a pivotal
time gap in prior 60Fe measurements. Antarctic ice offers a unique geological
archive because the isolated location reduces terrestrial contamination to a min-
imum. The sample material spans a time period from 50,000 to 80,000 years ago.
We will present results on the radionuclides 10Be, 26Al and 41Ca that were mea-
sured at the DREAMS facility (HZDR), as well as 53Mn and 60Fe which were
measured at HIAF (ANU).
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Quantum Optics and Photonics Division
Fachverband Quantenoptik und Photonik (Q)

Christiane Koch
Freie Universität Berlin
Fachbereich Physik

Arnimallee 14
14195 Berlin

christiane.koch@fu-berlin.de

Overview of Invited Talks and Sessions
(Lecture halls HS 1015, 1199, 1221, 3118, 3219, and Aula; Poster Tent B, KG I Foyer, and Aula Foyer)

Invited Talks
Q 5.1 Mon 11:00–11:30 HS 1221 Tailoring design of quantum sensor to biomedical applications — ∙Victor Lebedev,

Simon Nordenstroem, StefanHartwig, ThomasMiddelmann
Q 10.1 Mon 17:00–17:30 HS 1199 Correlated light-matter states from first principles and their use for chirality, and

chemistry— ∙Christian Schäfer
Q 15.1 Tue 11:00–11:30 HS 1015 Levitated nanoparticles as testbeds for fundamental aspects of physics — ∙Julen S.

Pedernales
Q 18.1 Tue 11:00–11:30 HS 1221 Continuous lasing and pinning of the dressed cavity resonance with strongly-coupled

88Sr atoms in a ring cavity— ∙Vera Schäfer
Q 26.1 Wed 11:00–11:30 HS 1015 Ultracold interactions between ions and polar molecules— ∙Leon Karpa
Q 26.6 Wed 12:30–13:00 HS 1015 Quantum Logic Spectroscopy of the Hydrogen Molecular Ion — David Holzapfel,

Fabian Schmid, Nick Schwegler, Oliver Stadler, Martin Stadler, Jonathan
Home, ∙Daniel Kienzler

Q 27.1 Wed 11:00–11:30 Aula Engineering of many-body states in a driven-dissipative cavity QED system — Ro-
drigo Rosa-Medina, Fabian Finger, Nicola Reiter, Jakob Fricke, Panagio-
tis Christodoulou, Davide Dreon, Alexander Baumgärtner, Simon Hertlein,
Justyna Stefaniak, David Baur, Dalila Rivero, Gabriele Natale, Tilman
Esslinger, ∙Tobias Donner

Q 34.1 Wed 14:30–15:00 HS 1221 Optically addressable nuclear spin registers with V2 center in 4H-SiC — ∙Vadim
Vorobev

Q 35.1 Wed 14:30–15:00 HS 3118 Quantum correlations in the phase space—Martin Bohmann, Jan Sperling, Nicola
Biagi, Alessandro Zavatta, Marco Bellini, ∙Elizabeth Agudelo

Q 42.1 Thu 11:00–11:30 HS 1015 Theory of robust quantum many-body scars in long-range interacting systems —∙Silvia Pappalardi
Q 45.1 Thu 11:00–11:30 HS 1221 Quantum Sensing in Space for Fundamental Physics and Applications — ∙Naceur

Gaaloul
Q 51.1 Thu 14:30–15:00 HS 1199 From the origin of antibunching to novel quantum light sources based on two-photon

interference— ∙MartinCordier, LukeMasters, GabrieleMaron, Xin-XinHu, Lu-
cas Pache, Philipp Schneeweiss, Max Schemmer, Jürgen Volz, Arno Rauschen-
beutel

Q 52.1 Thu 14:30–15:00 HS 1221 Structured light and its interaction with matter— ∙Robert Fickler, Rafael Barros,
Lea Kopf, Marco Ornigotti

Q 61.1 Fri 11:00–11:30 HS 1199 Photonic integration for trapped-ion quantum metrology — ∙Elena Jordan,
Guochun Du, Carl-Frederik Grimpe, Fatemeh Salahshoori, Markus Krom-
rey, Atasi Chatterjee, Anastasiia Sorokina, Steffen Sauer, Anton Peshkov,
Gillenhaal Beck, Karan Mehta, Stefanie Kroker, Andrey Surzhykov, Tanja
Mehlstäubler

Q 67.1 Fri 14:30–15:00 Aula Towards an Artificial Muse for new Ideas in Quantum Physics— ∙Mario Krenn

Invited Talks of the joint Symposium SAMOP Dissertation Prize 2024 (SYAD)
See SYAD for the full program of the symposium.

SYAD 1.1 Mon 14:30–15:00 Paulussaal Quantum steering of a Szilárd engine— ∙Konstantin Beyer
SYAD 1.2 Mon 15:00–15:30 Paulussaal Does a disorderedHeisenberg quantum spin system thermalize? — ∙Titus Franz
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SYAD 1.3 Mon 15:30–16:00 Paulussaal Quantum optical few-mode models for lossy resonators— ∙Dominik Lentrodt
SYAD 1.4 Mon 16:00–16:30 Paulussaal Non-Hermitian topology and directional amplification— ∙ClaraWanjura

Prize Talks of the joint Awards Symposium (SYAS)
See SYAS for the full program of the symposium.

SYAS 1.1 Tue 15:00–15:30 Paulussaal Quantum Simulations with Atoms, Molecules and Photons— ∙Immanuel Bloch
SYAS 1.2 Tue 15:30–16:00 Paulussaal Spectroscopyofmoleculeswith large amplitudemotions: a journey frommolecular

structure to astrophysics. — ∙Isabelle Kleiner
SYAS 1.3 Tue 16:00–16:30 Paulussaal Quantum x-ray nuclear optics: progress and prospects— ∙Olga Kocharovskaya
SYAS 1.4 Tue 16:30–17:00 Paulussaal 3D printed complex microoptics: fundamentals and first benchmark applications

— ∙Harald Giessen

Invited Talks of the joint Symposium Controlled Molecular Collisions (SYCC)
See SYCC for the full program of the symposium.

SYCC 1.1 Wed 11:00–11:30 Paulussaal Dynamics of CO2 activation by transition metal ions - The importance of inter-
system crossing— ∙JenniferMeyer

SYCC 1.2 Wed 11:30–12:00 Paulussaal Angularmomentumof smallmolecules: quasiparticles and topology— ∙Mikhail
Lemeshko

SYCC 1.3 Wed 12:00–12:30 Paulussaal Manoeuvring chemical reactions one degree of freedom at a time — ∙Jutta
Toscano

SYCC 1.4 Wed 12:30–13:00 Paulussaal Cold and controlled collisions using tamedmolecular beams— ∙Sebastiaan van
deMeerakker

Invited Talks of the joint Symposium Ultrafast Quantum Nano-Optics (SYQO)
See SYQO for the full program of the symposium.

SYQO 1.1 Fri 11:00–11:30 Paulussaal Coherent and incoherent dynamics of colloidal plexcitonic nanohybrids —∙Elisabetta Collini
SYQO 1.2 Fri 11:30–12:00 Paulussaal Dissipative Many-Body Dynamics in Atomic Subwavelength Arrays in Free Space

— ∙Stefan Ostermann
SYQO 1.3 Fri 12:00–12:30 Paulussaal Quantum dot sources: efficiency, entanglement, and correlations. — ∙Ana Predo-

jević
SYQO 1.4 Fri 12:30–12:45 Paulussaal Compact chirped fiber Bragg gratings for single-photon generation from quan-

tum dots— ∙Vikas Remesh, Ria Krämer, René Schwarz, Florian Kappe, Yusuf
Karli, Thomas Bracht, Saimon Covre da Silva, Armando Rastelli, Doris Re-
iter, Stefan Nolte, GregorWeihs

SYQO 1.5 Fri 12:45–13:00 Paulussaal Observing Ultrafast Coherent Dynamics following Selective Excitation of a Single
Quantum Dot — ∙Darius Hashemi Kalibar, Philipp Henzler, Ron Tenne, Al-
fred Leitenstorfer

Sessions
Q 1.1–1.7 Mon 11:00–13:00 HS 1010 Ultra-cold Atoms, Ions and BEC I (joint session A/Q)
Q 2.1–2.8 Mon 11:00–13:00 HS 1015 QED
Q 3.1–3.8 Mon 11:00–13:00 Aula Bosonic Quantum Gases I (joint session Q/A)
Q 4.1–4.8 Mon 11:00–13:00 HS 1199 Hybrid Quantum Systems
Q 5.1–5.7 Mon 11:00–13:00 HS 1221 Magnetometry
Q 6.1–6.8 Mon 11:00–13:00 HS 3118 Solid State Quantum Optics I
Q 7.1–7.8 Mon 11:00–13:00 HS 3219 Quantum Communication I
Q 8.1–8.8 Mon 17:00–19:00 HS 1010 Ultra-cold Plasmas and Rydberg Systems I (joint session A/Q)
Q 9.1–9.8 Mon 17:00–19:00 Aula Bosonic Quantum Gases II (joint session Q/A)
Q 10.1–10.7 Mon 17:00–19:00 HS 1199 Cavity QED
Q 11.1–11.8 Mon 17:00–19:00 HS 1221 Precision Measurements I (joint session Q/A)
Q 12.1–12.8 Mon 17:00–19:00 HS 3118 Quantum Communication II
Q 13.1–13.8 Mon 17:00–19:00 HS 3219 Quantum Technologies
Q 14.1–14.8 Tue 11:00–13:00 HS 1098 Precision Spectroscopy of Atoms and Ions I (joint session A/Q)
Q 15.1–15.7 Tue 11:00–13:00 HS 1015 Optomechanics
Q 16.1–16.8 Tue 11:00–13:00 Aula Bosonic Quantum Gases III (joint session Q/A)
Q 17.1–17.8 Tue 11:00–13:00 HS 1199 Quantum Information I
Q 18.1–18.7 Tue 11:00–13:00 HS 1221 Trapping and Cooling of Atoms (joint session Q/A)
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Q 19.1–19.8 Tue 11:00–13:00 HS 3044 Ultracold Molecules and Precision Spectroscopy (joint session MO/Q)
Q 20.1–20.8 Tue 11:00–13:00 HS 3118 QuantumMany-Body Dynamics
Q 21.1–21.8 Tue 11:00–13:00 HS 3219 Quantum Communication III
Q 22 Tue 13:15–14:15 HS 1199 Members’ Assembly
Q 23.1–23.50 Tue 17:00–19:00 Tent B Poster I
Q 24.1–24.47 Tue 17:00–19:00 KG I Foyer Poster II
Q 25.1–25.8 Wed 11:00–13:00 HS 1098 Precision Spectroscopy of Atoms and Ions II (joint session A/Q)
Q 26.1–26.6 Wed 11:00–13:00 HS 1015 Ultracold Molecules (joint session Q/MO)
Q 27.1–27.7 Wed 11:00–13:00 Aula Phase Transitions
Q 28.1–28.8 Wed 11:00–13:00 HS 1199 Fermionic Quantum Gases I (joint session Q/A)
Q 29.1–29.8 Wed 11:00–13:00 HS 1221 Photonics
Q 30.1–30.8 Wed 11:00–13:00 HS 3118 Color Centers I
Q 31.1–31.8 Wed 11:00–13:00 HS 3219 Quantum Communication IV
Q 32.1–32.8 Wed 14:30–16:30 Aula Fermionic Quantum Gases II (joint session Q/A)
Q 33.1–33.8 Wed 14:30–16:30 HS 1199 Open Quantum Systems
Q 34.1–34.6 Wed 14:30–16:15 HS 1221 Color Centers II
Q 35.1–35.7 Wed 14:30–16:30 HS 3118 Quantum States of Light
Q 36.1–36.8 Wed 14:30–16:30 HS 3219 QuantumMetrology and Interference
Q 37.1–37.59 Wed 17:00–19:00 Tent B Poster III
Q 38.1–38.48 Wed 17:00–19:00 KG I Foyer Poster IV
Q 39.1–39.16 Wed 17:00–19:00 Aula Foyer Poster V
Q 40.1–40.8 Thu 11:00–13:00 HS 1010 Precision Spectroscopy of Atoms and Ions III (joint session A/Q)
Q 41.1–41.8 Thu 11:00–13:00 HS 1098 Ultra-cold Atoms, Ions and BEC II (joint session A/Q)
Q 42.1–42.7 Thu 11:00–13:00 HS 1015 Long-range Interactions
Q 43.1–43.8 Thu 11:00–13:00 Aula Color Centers III
Q 44.1–44.8 Thu 11:00–13:00 HS 1199 Quantum Information II
Q 45.1–45.7 Thu 11:00–13:00 HS 1221 QuantumMetrology for Fundamental Physics
Q 46.1–46.8 Thu 11:00–13:00 HS 3118 Lasers I
Q 47.1–47.8 Thu 11:00–13:00 HS 3219 Open Quantum Systems
Q 48.1–48.8 Thu 14:30–16:30 HS 1010 Ultra-cold Atoms, Ions and BEC III (joint session A/Q)
Q 49.1–49.7 Thu 14:30–16:15 HS 1098 Precision Spectroscopy of Atoms and Ions IV (joint session A/Q)
Q 50.1–50.8 Thu 14:30–16:30 Aula Quantum Gases (joint session Q/A)
Q 51.1–51.7 Thu 14:30–16:30 HS 1199 Quantum Optical Correlations
Q 52.1–52.7 Thu 14:30–16:30 HS 1221 Structured Light
Q 53.1–53.8 Thu 14:30–16:30 HS 3118 Quantum Control
Q 54.1–54.8 Thu 14:30–16:30 HS 3219 Quantum Optics in Space
Q 55.1–55.47 Thu 17:00–19:00 Tent B Poster VI
Q 56.1–56.42 Thu 17:00–19:00 KG I Foyer Poster VII
Q 57.1–57.17 Thu 17:00–19:00 Aula Foyer Poster VIII
Q 58.1–58.8 Fri 11:00–13:00 HS 1098 Ultra-cold Atoms, Ions and BEC IV (joint session A/Q)
Q 59.1–59.8 Fri 11:00–13:00 HS 1015 Lasers II
Q 60.1–60.8 Fri 11:00–13:00 Aula Quantum Computing and Simulation I
Q 61.1–61.7 Fri 11:00–13:00 HS 1199 Trapped Ions (joint session Q/A)
Q 62.1–62.8 Fri 11:00–13:00 HS 1221 Precision Measurements II (joint session Q/A)
Q 63.1–63.7 Fri 11:00–12:45 HS 3118 Strong Light-Matter Interaction
Q 64.1–64.8 Fri 11:00–13:00 HS 3219 Solid State Quantum Optics II
Q 65.1–65.8 Fri 14:30–16:30 HS 1010 Ultra-cold Atoms, Ions and BEC V (joint session A/Q)
Q 66.1–66.8 Fri 14:30–16:30 HS 1098 Precision Spectroscopy of Atoms and Ions V / Ultra-cold Plasmas and Ryd-

berg Systems II (joint session A/Q)
Q 67.1–67.7 Fri 14:30–16:30 Aula Machine Learning
Q 68.1–68.8 Fri 14:30–16:30 HS 1199 Quantum Computing and Simulation II
Q 69.1–69.8 Fri 14:30–16:30 HS 1221 Precision Measurements III (joint session Q/A)
Q 70.1–70.7 Fri 14:30–16:15 HS 3118 Quantum Optics
Q 71.1–71.8 Fri 14:30–16:30 HS 3219 Nano-Optics

Members’ Assembly of the Quantum Optics and Photonics Division
Tuesday 13:15–14:15 HS 1199

• Bericht

• Verschiedenes
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Sessions
– Invited Talks, Contributed Talks, and Posters –

Q 1: Ultra-cold Atoms, Ions and BEC I (joint session A/Q)
Time: Monday 11:00–13:00 Location: HS 1010
See A 1 for details of this session.

Q 2: QED
Time: Monday 11:00–13:00 Location: HS 1015

Q 2.1 Mon 11:00 HS 1015
Quantum optics without quantum paradoxes — ∙Falk Rühl — Auf der Alm
14, 52159 Roetgen, Germany
A transition from the directed one./.one interaction model, mediated by quanta,
to a symmetrical any./.any interaction model, mediated by EM-waves propagat-
ing in ℝ3, allows a paradox-free explanation of all effects observed in quantum
optical experiments.

In a detection model based on an any./.any interpretation, the total energies
of weakly bound electrons in a detector are driven to a continuous randomwalk,
by the local superposition of the EM-fields of all sources of radiation. In the rare
instance, where a random walk approaches the binding energy, even extremely
weak superadded pulses of EM-radiation, e.g. received from distant sources un-
der investigation, can trigger an event-like release of an electron, that carries the
binding energy. Suitably scaled, the count rate r(a), as a function of the power
a ≥ 0, absorbed from the source illumination, has the asymptotic linear branches
r(a) ≥ max{0, a + d − 1}, that are connected by a smooth transition in the "tun-
nel regime" around d + a = 1. The absorption of amplitude-/phase-modulated
radiation is resonantly enhanced only, if the radiation drives closed cycles in the
rotating frames of the detecting oscillators, which makes only a small subset of
the continuously evolving and radiating "beable" states of sources also "observ-
able".

The "late quantization", the result of a resonant radiation./.target interaction,
eliminates "quantum jumps", and all quantum transport paradoxes, that have
their roots in the futile attempt to base the interpretation on an "early quantiza-
tion" of the sources.

Q 2.2 Mon 11:15 HS 1015
Correlations of the QuantumVacuum in aNontrivial Analogue Spacetime—
∙Cristofero Oglialoro1, Frieder Lindel2, Fabian Spallek1, and Stefan
Yoshi Buhmann1 — 1University of Kassel, Germany— 2University of Freiburg,
Germany
A fascinating aspect of quantummechanics is that it predicts non-vanishing fluc-
tuations in the electromagnetic ground state. Despite many macroscopic effects
being attributed to this fluctuating vacuum field, it has only recently become
possible to measure these fluctuations directly via electro-optic sampling. This
allowed to access the two-point correlation function of the vacuum field at dis-
tinct spacetime regions and to study its spacetime structure [1]. The formalism
of macroscopic quantum electrodynamics serves to describe field propagation
within nonlinear dispersive media theoretically and predicts the traces of the
quantum vacuum in the electro-optic sampling signal and its spacetime struc-
ture [2]. In this framework, we discuss how additional external fields alter the
spacetime structure of the sampled vacuum fluctuations by interpreting the ef-
fects of the external field as a nontrivial analogue spacetime.

[1] F. F. Settembrini, et al., Nat. Commun. 13, 3383 (2022).
[2] F. Lindel, et al., Phys. Rev. A 102, 041701(R) (2020).

Q 2.3 Mon 11:30 HS 1015
Quantum radiation in a dielectric with time-dependent dissipation —
∙Sascha Lang1,2,3, Stefan Yoshi Buhmann1, Ralf Schützhold2,4,3, and
William G. Unruh5 — 1University of Kassel, Germany — 2Helmholtz-
Zentrum Dresden-Rossendorf, Germany — 3Universität Duisburg-Essen, Ger-
many — 4Technische Universität Dresden, Germany — 5University of British
Columbia, Canada
Rapidly changing system parameters in tuneable dielectrics can trigger the spon-
taneous conversion of quantum vacuum fluctuations into real photons [1]. A fa-
mous example is the production of photon pairs in the presence of strongly non-
adiabatic refractive index modulations n(t). Unlike in relativistic quantum field
theory, the evolution of quantum vacuum fluctuations in dielectrics is affected
by dispersion and dissipation. A consistent description of the quantum dynam-
ics in explicitly time dependent environments requires a microscopic model that
can be quantised canonically.

We present an approach which models the medium via a continuous set of
harmonic oscillators [2] and accounts for dissipation by coupling those medium
oscillators to a scalar environment field [3]. As an example of quantum radiation,
we consider particle pair creation in a medium with a non-adiabatically varying
dissipation strength.

[1] F. Belgiorno, S. L. Cacciatori & F. Dalla Piazza: Eur. Phys. J. D 68, 134
(2014)

[2] Hopfield, Phys. Rev. 112, 1555 (1958)
[3] Lang, Schützhold & Unruh: Phys. Rev. D 102, 125020 (2020)

Q 2.4 Mon 11:45 HS 1015
Numerical evaluation of Casimir-Lifshitz forces in the time domain —
∙Carles Martí Farràs1, Philip Kristensen2,3, Bettina Beverungen1,
Francesco Intravaia1, and Kurt Busch1,4 — 1Humboldt-Universität zu
Berlin, Institut für Physik, AG Theoretische Optik & Photonik, Newtonstr. 15,
12489 Berlin, Germany— 2DTUElectro, Technical University ofDenmark, Lyn-
gby, Denmark — 3NanoPhoton - Center for Nanophotonics, Technical Univer-
sity of Denmark, Lyngby, Denmark — 4Max Born Institute, Berlin, Germany
Fluctuation-induced phenomena, stemming from both quantum and thermal
fluctuations, which are inherent in nature, exhibit fascinating effects that become
particularly relevant at short-length scales. A notable example is the Casimir
effect, which describes a usually attractive force between electrically neutral
macroscopic objects. Apart from their fundamental interest, a comprehensive
understanding of such interactions is crucial for the progress of nanostructured
device development. Since analytical calculations are only possible for a few
highly symmetric geometries, this has prompted the development of methods
to numerically evaluate Casimir forces in the context of complex geometries
and material models. Here, we present a time-domain finite-element-based nu-
merical approach leveraging the capabilities of the discontinuous Galerkin time-
domain (DGTD) method. It allows to accurately assess the electromagnetic re-
sponse of the system, providing a robust and efficient framework for systemati-
cally evaluating Casimir forces in a wide range of configurations.

Q 2.5 Mon 12:00 HS 1015
Redfield-pseudomodes theory — ∙Felix Riesterer, Lucas Weitzel Dutra
Souto, Andreas Buchleitner, and Dominik Lentrodt — University of
Freiburg, Freiburg, Germany
Quantum systems which are strongly coupled to a large environment or a bath
are difficult to tackle theoretically, since common approximations such as weak-
couplingMaster equations break down in this regime. A commonly used concept
to circumvent this difficulty is to include the bath degrees of freedom responsible
for the strong coupling into the system. This idea underlies a whole family of ap-
proaches known as pseudomodes theory, whosemost well-known representative
is the open Jaynes-Cummingsmodel in cavity quantum electrodynamics. In gen-
eral, pseudomodes are an approach to describe the dynamics of open quantum
systems where instead of tracing out the complete environment, discrete auxil-
iary modes featuring Lindbladian loss are retained in the system. We present a
generalized pseudomodes concept which allows for a more general Markovian
loss described by a Redfield equation. We then apply the generalized Redfield-
pseudomodes approach within the framework of cavity quantum electrodynam-
ics. In particular, we derive a pseudomodes expansion of the spectral density,
which has to be matched with the original continuum theory to guarantee the
equivalence of the Redfield-pseudomodes representation. We then compare the
fitting capability of the generalizedmode expansion of the spectral density to that
of the corresponding expansion of the in the Lindblad-pseudomodes represen-
tation for different exemplary cavity geometries, demonstrating a significantly
improved convergence.

Q 2.6 Mon 12:15 HS 1015
Heat transport using nonreciprocal media — ∙Nico Strauss, Omar Jesús
Franca Santiago, and Stefan Yoshi Buhmann — Institute of Physics, Uni-
versity of Kassel, 34132 Kassel, Germany
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The second law of thermodynamics dictates that heat flows from warm to cold
objects, thereby providing a direction of time [2]. In the optics of nonrecipro-
cal media [1], an arrow of time is alternatively provided by the observation that
optical paths cannot be reversed. How are these two notions compatible at the
level of quantum electrodynamics? In order to answer this question, we calcu-
late the nanoscale heat transfer between the surfaces of two planar nonrecipro-
cal media, namely topological insulators which exhibit a temperature difference
ΔT = T1 −T2 . We analyse the impact of the nonreciprocal properties of the two
plates on the heat transfer and investigate their interplay with the second law in
the near-field regime.

[1] S. Y. Buhmann et al., New J. Phys. 14, 083034 (2012).
[2] Volokitin, A. I.; Persson, B. N. J. Rev. Mod. Phys. 4, 79 (2007).

Q 2.7 Mon 12:30 HS 1015
Quantum free-electron laser: single- and multiphoton transitions— ∙Peter
Kling1 and Enno Giese2 — 1Deutsches Zentrum für Luft- und Raumfahrt
e.V. (DLR), Institut für Quantentechnologien, Wilhelm-Runge-Straße 10, 89081
Ulm, Deutschland — 2Technische Universität Darmstadt, Fachbereich Physik,
Institut für Angewandte Physik, Schlossgartenstr. 7, 64289 Darmstadt, Deutsch-
land
The quantum free-electron laser (“Quantum FEL”) is a proposed x-ray source.
In contrast to existing devices (“classical FEL”), where an electron in the un-
dulator follows continuous trajectories and emits many photons, an electron in
the Quantum FEL occupies only two resonant levels on a discrete momentum
ladder and emits at most one photon. We investigate the influence of multipho-
ton corrections [1] on the dynamics of the electron and on the photon statistics
of the emitted radiation. Moreover, we (i) try to identify the challenges for an
experimental realization [2] and (ii) study the transition between classical and

quantum regime in the FEL from a fundamental point of view [3].
[1] P. Kling, E. Giese, Phys. Rev. Research 5, 033057 (2023).
[2] A. Debus et al., Phys. Scr. 94, 074001 (2019).
[3] C. M. Carmesin et al., Phys. Rev. Research 2, 023027 (2020).

Q 2.8 Mon 12:45 HS 1015
Dicke-like superradiance of distant noninteracting atoms — ∙Manuel Bo-
jer and Joachim von Zanthier—Friedrich-Alexander-Universität Erlangen-
Nürnberg, Quantum Optics and Quantum Information, Staudtstr. 1, 91058 Er-
langen, Germany
Fully excited two-level atoms separated by less than the transition wavelength
cooperatively emit light in a short burst, a phenomenon called superradiance by
R. Dicke in 1954 [Phys. Rev. 93, 99 (1954)]. The burst is characterized by a max-
imum intensity scaling with the square of the number of atomsN and a temporal
width reduced by N compared to the single atom spontaneous decay time. Both
effects are usually attributed to a synchronization of the electric dipole moments
of the atoms occurring during the process of light emission. Contrary to this
explanation, it was recently shown by use of a quantum path description that the
peak intensity results from the quantum correlations among the atoms when oc-
cupying symmetric Dicke states. Here we investigate from this perspective the
temporal evolution of the ensemble, starting in the small sample limit, i.e., when
the atoms have mutual separations much smaller than the transition wavelength
λ and pass down the ladder of symmetric Dicke states. In addition, we explore
the temporal evolution for the case of distant noninteracting atoms with mutual
separations much larger than λ. We show that in this case a similar superradi-
ant burst of the emitted radiation is observed if the quantum correlations of the
atoms are generated by conditional photon measurements retaining the atomic
ensemble within or close to the symmetric subspace.

Q 3: Bosonic Quantum Gases I (joint session Q/A)
Time: Monday 11:00–13:00 Location: Aula

Q 3.1 Mon 11:00 Aula
Universal Dynamics of Rogue Waves in a Quenched Spinor Bose Conden-
sate — ∙Ido Siovitz, Stefan Lannig, Yannick Deller, Helmut Strobel,
Markus K. Oberthaler, and Thomas Gasenzer — Kirchhoff-Institut für
Physik, Universität Heidelberg
Universal scaling dynamics of isolated many-body systems far from equilibrium
is a phenomenon documented both in theory and experiment, the mechanisms
of which are not yet fully understood. We connect the universal dynamics of a
spin-1 gas with rogue-wave like events in the mutually coupled magnetic com-
ponents of the gas, which propagate in an effectively random potential governed
by the nonlinear spin-changing interaction. As a result, real-time instantons ap-
pear in the Larmor phase of the spin-1 system as vortices in space and time. We
investigate the spatial and temporal correlations of these events to find two mu-
tually related scaling exponents defining the coarsening evolution of length and
time scales, respectively.

Q 3.2 Mon 11:15 Aula
Nondegenerate two-photon absorption in gaseous xenon for Bose-Einstein
condensation of vacuum-ultraviolet photons — ∙Thilo vom Hövel, Franz
Huybrechts, Eric Boltersdorf, Frank Vewinger, and Martin Weitz —
Institut für Angewandte Physik, Universität Bonn, Wegelerstr. 8, D-53115 Bonn
Motivated by work with cold atomic ensembles, Bose-Einstein condensation has
in recent years also been realized for two-dimensional gases of visible-spectral-
range photons. For this, e.g., a dye solution-filled optical microcavity is utilized
to thermalize a photon gas via repeated cycles of absorption and emission by dye
molecules. In previous work, we proposed to employ a similar platform for the
construction of a coherent light source in the VUV (100 - 200 nm wavelength),
a spectral range in which it is difficult to operate lasers.

For Bose-Einstein condensation of VUV photons, a thermalization mediator
other than the dye system needs to be identified, as the latter is unsuitable in light
of the high photon energies. One candidate is the quasimolecular xenon system,
with absorption on the 5p6 → 5p56s transition at 147 nm and emission on the
Stokes-shifted second excimer continuum around 172 nm wavelength. In pure
xenon at currently investigated pressures, however, the pronounced spectral gap
between absorption and emission impedes efficient contact between photon gas
and thermalization mediator. We here report on spectroscopic results of an ex-
perimental scheme devised to enhance the (re-)absorption of photons emitted
around 172 nm, based on a nondegenerate two-photon process induced by the
provision of an auxiliary photon field.

Q 3.3 Mon 11:30 Aula
Projection Optimization Method for Open-Dissipative Quantum Fluids and
its Application to a Single Vortex in a Photon Bose-Einstein Condensate —
∙JoshuaKrauss1, MarcosAlbertoGonçalves dos Santos Filho1,2, Fran-

cisco Ednilson Alves dos Santos2, and Axel Pelster1 — 1Physics Depart-
ment and Research Center OPTIMAS, RPTU Kaiserslautern-Landau, Germany
— 2Departamento de Física, Universidade Federal de São Carlos, Brazil
Open dissipative systems of quantum fluids have been well studied numerically.
In view of a complementary analytical description we extend here the varia-
tional optimization method for Bose-Einstein condensates of closed systems to
open-dissipative condensates. The resulting projection optimization method is
applied to a complex Gross-Pitaevski equation, which models phenomenologi-
cally a photon Bose-Einstein condensate. Together with known methods from
hydrodynamics we obtain an approximate vortex solution, which depends on
the respective open system parameters and has the same properties as obtained
numerically in the literature.

[1] J. Krauß, M.A.G. dos Santos Filho, F.E.A. dos Santos, and A. Pelster,
arXiv:2311.10027

Q 3.4 Mon 11:45 Aula
Out-of-equilibriumdynamics and phases of an atomic BEC coupled to an op-
tical cavity — ∙Gage Harmon1, Giovanna Morigi1, and Simon Jäger2 —
1Saarland University — 2University of Kaiserslautern-Landau
We study the pattern formation of a laser-driven atomic Bose-Einstein conden-
sate coupled to a single lossy mode of an optical cavity. In our work, we focus on
the regimewhere the effective cavity detuning depends strongly on the dispersive
AC Stark shift, and where the cavity relaxation rate is fast compared to the typi-
cal atomic relaxation rate. This results in a feedback between the atomic pattern
and cavity field that allows for a parameter regime where the cavity field is un-
able to stabilize the atomic configuration. Instead, the system enters a dynamical
phase where the atomic pattern and cavity field exhibit oscillations. We analyze
this behavior using a mean-field approach that describes the coupled dynamics
of the atoms and cavity field. In addition, working in the bad-cavity regime al-
lows us to derive equations of motion where the cavity degrees of freedom are
eliminated, massively improving the integration time. We benchmark and val-
idate these equations of motion and showcase that the existence of limit cycle
phases does not require a treatment of the cavity field and atoms to be on equal
timescales. Remarkably, we demonstrate that the presence of non-conservative
forces which require both, dissipation and a prominent AC Stark shift, are the
key mechanisms that results in limit cycle and chaotic phases.

Q 3.5 Mon 12:00 Aula
Bose-Einstein condensation of photons in a vertical-cavity surface-
emitting laser — Maciej Pieczarka1, Marcin Gebski2, Aleksandra N.
Piasecka1, James A. Lott3, ∙Axel Pelster4, MichałWasiak2, and Tomasz
Czyszanowski2 — 1Department of Experimental Physics, Wrocław Univer-
sity of Science and Technology, Poland — 2Institute of Physics, Łodź Univer-
sity of Technology, Poland — 3Institute of Solid State Physics and Center of
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Nanophotonics, Technical University Berlin, Germany — 4Physics Department
and Research Center OPTIMAS, RPTU Kaiserslautern-Landau, Germany
Here we show the Bose-Einstein condensation of photons in a broad-area
vertical-cavity surface-emitting laser with positive cavitymode-gain peak energy
detuning. We observed a Bose-Einstein condensate in the fundamental transver-
sal optical mode at the critical phase-space density. The experimental results fol-
low the equation of state for a two-dimensional gas of bosons in thermal equi-
librium, although the extracted spectral temperatures were lower than those of
the device. This is interpreted as originating from the driven-dissipative nature
of the device and the stimulated cooling effect. In contrast, non-equilibrium las-
ing action is observed in the higher-order modes in a negatively detuned device.
Our work opens the way for the potential exploration of superfluid physics of
interacting photons mediated by semiconductor optical non-linearities. It also
shows great promise for enabling single-mode high-power emission from a large
aperture device.

[1] M. Pieczarka, M. Gebski, A.N. Piasecka, J.A. Lott, A. Pelster, M. Wasiak,
and T. Czyszanowski, arXiv:2307.00081

Q 3.6 Mon 12:15 Aula
Ramsauer Townsend effect and Bragg scattering in an analogue cosmol-
ogy experiment — ∙Marius Sparn1, Elinor Kath1, Nikolas Liebster1,
Christian F. Schmidt2, Álvaro Parra-López3, Mireia Tolosa-Simeón4,
Helmut Strobel1, Stefan Floerchinger2, and Markus K. Oberthaler1
— 1Kirchhoff-Institut für Physik, Universität Heidelberg — 2Theoretisch-
Physikalisches Institut, Friedrich-Schiller-Universität Jena— 3Departamento de
Física Teórica and IPARCOS, Universidad Complutense de Madrid — 4Institut
für Theoretische Physik III, Ruhr-Universität Bochum
Cosmological particle production arises when a quantum field is subject to an
expanding metric. This phenomenon heavily depends on the details of the
cosmological history. Strikingly, this relativistic, time-dependent process can
be mapped to a scattering problem, described by a non-relativistic stationary
Schroedinger-equation, wherein the scattering potential is determined by the
specific formof the expansion. Herewe present results from an analogue cosmol-
ogy experiment with a two-dimensional Bose-Einstein condensate, simulating a
scalar quantum field in a FLRW-spacetime [1]. We use the scattering framework
to investigate instructive examples, such as a box potential, corresponding to a
singular expanding space-time as well as a periodic potential, corresponding to a
periodic expansion and contraction. Themeasured spectra of produced particles
reveal features analogue to resonant forward (Ramsauer-Townsend) scattering
and Bragg scattering, respectively. [1] Viermann, C. et al. Nature 611, 260-264
(2022)

Q 3.7 Mon 12:30 Aula
Dynamics of polaron formation in weakly interacting 1D Bose gases —
∙Martin Will and Michael Fleischhauer — University of Kaiserslautern-
Landau
We discuss the dynamics of the formation of a Bose polaron when an impurity
is injected into a weakly interacting one-dimensional Bose condensate. While
for small impurity-boson couplings, this process can be described within the
Froehlich model as emission, and binding of Bogoliubov phonons, this is no
longer adequate if the coupling becomes strong. To treat this regime, we con-
sider a mean-field approach beyond the Froehlich model which accounts for the
backaction to the condensate, complemented with Truncated Wigner simula-
tions to include quantum fluctuation. For the stationary polaron we find a peri-
odic energy-momentum relation and non-monotonous relation between impu-
rity velocity and polaron momentum including regions of negative impurity ve-
locity. Consequently, the impurity undergoes Bloch oscillations when subject to
a constant force. Studying the polaron formation after turning on the impurity-
boson coupling (i) quasi-adiabatically and (ii) in a sudden quench, we find a
rich scenario of dynamical regimes. Due to the build-up of an effective mass, the
impurity is slowed down even if its initial velocity is below the Landau critical
value. For larger initial velocities we find deceleration and even backscattering
caused by emission of density waves or grey solitons and subsequent formation
of stationary polaron states.

Q 3.8 Mon 12:45 Aula
Solitons on the surface of a sphere — ∙Alexander Wolf1,2, Vladimir
Konotop3, and Maxim Efremov2 — 1Institute of Quantum Physics and Cen-
ter for Integrated Quantum Science and Technology (IQST), Ulm University, D-
89081 Ulm, Germany — 2German Aerospace Center (DLR), Institute of Quan-
tum Technologies, D-89081 Ulm, Germany — 3Departamento de Física and
Centro de Física Teórica e Computacional, Faculdade de Ciências, Universidade
de Lisboa, Campo Grande, Ed. C8, Lisboa 1749-016, Portugal
The recent realization of ultracold quantum gases in a shell geometry [1] paves
the way towards a Bose-Einstein condensate (BEC) that is trapped tightly onto
the surface of a sphere. We investigate the existence and stability of solitons that
appear in this systemusing the two-dimensional (2D)Gross-Pitaevskii equations
(GPE). Comparing our results to the 2D plane, we find that the scale invariance
of the GPE is broken due to the curvature and compactness of the shell geome-
try. Consequently, the familiar Townes solitons [2] appear only when the BEC is
strongly localized in a small region of the sphere surface.
[1] R. A. Carollo et al., Nature (London) 606, 281 (2022).
[2] B. Bakkali-Hassani et al., Phys. Rev. Lett. 127, 023603 (2021).

Q 4: Hybrid Quantum Systems
Time: Monday 11:00–13:00 Location: HS 1199

Q 4.1 Mon 11:00 HS 1199
Cavity optomechanics with polymer-based multi-membrane structures —
∙LukasTenbrake1, SebastianHofferberth1, Stefan Linden2, andHannes
Pfeifer3 — 1Institute of Applied Physics, University of Bonn, Germany —
2Institute of Physics, University of Bonn, Germany — 3Department of Mi-
crotechnology and Nanoscience, Chalmers University of Technology, Gothen-
burg, Sweden
Despite their application in multiple fields, ranging from quantum sensing to
fundamental tests of quantum mechanics, conventional state-of-the-art cavity
optomechanical experiments have been limited in their scaling towards systems
with multiple resonators. 3D direct laser writing offers a new approach of fab-
ricating multi-membrane structures that can be directly integrated into fiber
Fabry-Perot cavities. Here, we experimentally demonstrate direct laser-written
stacks of two or more coupled membranes – with normal-mode splittings of
up to a MHz – interfaced by fiber cavities. We present finite element simula-
tions for the optimization of the mechanical coupling and investigate the collec-
tive optomechanical coupling ofmulti-membrane stacks (with single-membrane
vacuum optomechanial coupling strengths of ≳ 30 kHz). We present our first
experimental results and give an outlook on the scalability of the system to
an even larger number of coupled mechanical oscillators. Aside from tests of
fundamental properties of multimode optomechanical systems, applications for
sensing or routing of vibration in acoustic metamaterials and circuits are envis-
aged.

Q 4.2 Mon 11:15 HS 1199
Theory of phase-adaptive parametric cooling— ∙PardeepKumar1, Alekhya
Ghosh1,2, Christian Sommer3, Fidel G. Jimenez4, Vivishek Sudhir5,6, and
Claudiu Genes1,2 — 1Max Planck Institute for the Science of Light, Staudt-
straße 2, D-91058 Erlangen, Germany — 2Department of Physics, Friedrich-
Alexander-Universität Erlangen-Nürnberg, Staudtstraße 7, D-91058 Erlangen,
Germany — 3AQT, Technikerstraße 17, 6020, Austria — 4Pontificia Universi-

dad Católica del Perú, Av. Universitaria 1801, San Miguel 15088, Peru— 5LIGO
Laboratory, Massachusetts Institute of Technology, Cambridge, Massachusetts
02139, USA — 6Department of Mechanical Engineering, Massachusetts Insti-
tute of Technology, Cambridge, Massachusetts 02139, USA
An adaptive phase technique has been proposed for the parametric cooling of
the mechanical oscillators. The method calls for a sequence of periodic adjust-
ments of the phase of a parametric modulation of the mechanical oscillator that
is conditioned onmeasurements of its two quadratures. This technique indicates
a pure exponential loss of the thermal energy at initial high occupancies. As the
quantum ground state is approached, the phase adaptive scheme leads to resid-
ual occupancies at the level of a few phonons owing to the competition between
parametric amplification of the quantum fluctuations and the feedback action.
In contrast to available parametric feedback cooling techniques, the proposed
phase-adaptive technique remains immune from the extraneous heating arising
from direct modulation of the radiation pressure force.

Q 4.3 Mon 11:30 HS 1199
Interfacing Rydberg atoms with an electromechanical oscillator at 4K —
∙Cedric Wind, Johanna Popp, Leon Sadowski, Julia Gamper, Valerie
Mauth, Wolfgang Alt, Hannes Busche, and Sebastian Hofferberth —
Institute of Applied Physics, University of Bonn, Germany
We currently construct a novel setup to interface optically controlled Rydberg
atoms with an on-chip electromechanical oscillator at 4K. This talk discusses
the prospects of implementing this hybrid quantum system and presents our
progress on the construction of the cryogenic setup. As a first experiment, we
will explore the cooling of a GHz mechanical mode to its quantum mechani-
cal ground state by extracting phonons via a dissipative extraction of microwave
photons via Rydberg atoms.

Our system combines a closed-cycle cryostat with vibration isolation with a
classical room-temperature setup from which ultra-cold atoms are magnetically
transported into the cryo-region. Besides providing the suppression of thermal
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noise required to study electromechanical oscillators near their ground state, the
enhanced vacuum condition due to cryo-pumping eliminates the need to bake
the vacuum system and enables fast exchange and cooling of samples in the ex-
periment region. We will discuss how the setup, the on-chip superconducting
magnetic trap and the electromechanical oscillator design have been optimized
for the planned experiment.

Q 4.4 Mon 11:45 HS 1199
Waveguide QED with Rydberg superatoms — ∙Lukas Ahlheit, Daniil
Svirskiy, Jan de Haan, Christoph Biesek, Nina Stiesdal, Wolfgang Alt,
and Sebastian Hofferberth — Institute of Applied Physics, University of
Bonn, Germany
The field of Waveguide QED investigates how light in a single mode propagates
through a systemof localized quantum emitters. If the coupling between individ-
ual photons and emitters is sufficiently strong, the photons mediate an effective
interaction between the emitters, creating a many-body system.

We use Rydberg superatoms as quantum emitters. These are ensembles ofN ∼
10 000 atoms confined to within the Rydberg blockade volume, such that each
ensemble only supports a single excitation. Every collective emitter has highly di-
rectional emission, and couples strongly to even few-photon fields. The directed
emission into the mode of the driving field realizes a waveguide-like system in
free-space without any actual light-guiding elements.

This talk will discuss how we scale our system from one to few strongly cou-
pled superatoms with low dephasing. We use a magic wavelength optical lattice
to trap atoms in both the ground- and the Rydberg state. This reduces atomic
motion and limits dephasing of the collective excitation. With extended coher-
ence times, we will be able to show how the propagation of quantized light fields
through a small emitter chain results in photon-photon correlations and entan-
glement between the emitters.

Q 4.5 Mon 12:00 HS 1199
Quantum repeater nodewith free-space coupled photons from trapped 40Ca+

ions — ∙Max Bergerhoff, Omar Elshehy, Stephan Kucera, Matthias
Kreis, and JürgenEschner—Universität des Saarlandes, Experimentalphysik,
66123 Saarbrücken
The quantum repeater cell according to [1] is a fundamental building block for
the realisation of large distance quantum networks. By dividing a transmission
link in asynchronously driven segments it is possible to overcome the loss scaling
of direct transmission. The advantage of this protocol has already been demon-
strated with single atoms [2] in a cavity and single ions in a large cavity [3]. We
report on the implementation of a quantum repeater cell with free-space cou-
pled photons from two 40Ca+ ions in the same Paul trap as memories. Atom-
photon entanglement is generated asynchronously [4] by controlled emission of
single photons from the individually addressed ions, and separate single-mode
fiber coupling. Photon-photon entanglement is then generated by a Mølmer-
Sørensen gate [5] on the ions. We discuss the probability and rate scaling due
to the asynchronous sequence, as well as the fidelity of the final photon-photon
state. In this context the perspective of a new ion trap setup with integrated sub-
mm cavity is discussed and its implementation status is presented.
[1] D. Luong et al., Appl. Phys. B 122, 96 (2016)
[2] S. Langenfeld et al., Phys. Rev. Lett. 126, 30506 (2021)
[3] V. Krutyanskiy et al., Phys. Rev. Lett. 130, 213601 (2023)
[4] M. Bock et al., Nat. Commun. 9, 1998 (2018)
[5] K. Mølmer and A. Sørensen, Phys. Rev. Lett 82, 1835-8 (1999)

Q 4.6 Mon 12:15 HS 1199
optical microcavity with coupled single SiV and GeV centers in a nanodi-
amond for a quantum repeater platform — ∙Selene Sachero1, Robert
Berghaus1, Gregor Bayer1, Florian Feuchmayr1, Andrea B Filipovski1,
Patrick Maier1, Lukas Antoniuk1, Niklas Lettner1, Marco Klotz1,
Richard Waltrich1, Viatcheslav Agafonov2, and Alexander Kubanek1
— 1Institute for Quantum Optics, Ulm University, Germany — 2Tours Univer-
sity, France

Quantum repeater are essential building block to create a large scale quantum
communication network. An ideal quantum repeater nodes efficiently link a
quantum memory with photons serving as flying qubits. By coupling group de-
fect centers to an open Fabry-Perot cavity, such an interface can be created.

As such a platform, we propose a fully tunable cavity, composed by two Bragg
mirrors, which allows short cavity lengths, and provides efficient coupling of
quantum emitters at 4 K.

Here, we show the good optical properties of a single germanium vacancy
(GeV-) and its transfer to a Fabry-Perot cavity. The coupling of the GeV- into
the resonator is achieved maintaining a high finesse.

Moreover, we couple an individual SiV- into our resonator. We perform reso-
nant photoluminescence measurements, and observe a spectrally stable emitter
with a linewidth close to the Fourier limit. We demonstrate coherent optical
driving and all-optical initialization and readout of the electron spin in a high
external magnetic field.

Q 4.7 Mon 12:30 HS 1199
Hybrid Quantum Photonics With One Dimensional Photonic Crystal Cavi-
ties and Silicon Vacancy Centers In Nanodiamonds — ∙Lukas Antoniuk1,
Niklas Lettner1,2, Anna P. Ovvyan3,5, Daniel Wendland3, Viatcheslav
N. Agafonov4, Wolfram H.P. Pernice3,5, and Alexander Kubanek1 —
1Institute for Quantum Optics, Ulm University, Germany — 2Center for Inte-
grated Quantum Science and Technology (IQst), Ulm University, Germany —
3Institute of Physics andCenter forNanotechnology, University ofMünster, Ger-
many— 4Universite F. Rabelais, 37200 Tours, France — 5Heidelberg University,
Im Neuenheimer Feld 227, 69120 Heidelberg, Germany
Efficient connection of stationary- and flying qubits posts a formidable chal-
lenge, yet is one of the demands for the development of applications like quan-
tum networks, distributed quantum computing and quantum communication.
Cavity quantum electrodynamics provides enhanced light-matter interaction,
hence serving as an attractive tool for spin-photon interfaces. Here, we present
our progress of a hybrid quantum photonic interface which interconnects chip-
integrated one-dimensional photonic crystal cavities in silicon nitride with neg-
atively charged silicon vacancy centers (SiV) in nanodiamonds. We elaborate on
the unique possibilities of dipole alignment by nanomanipulation [1] and show
our results on Purcell broadened optical access to the SiV centers electron spin
[2].

[1]Lettner et al., arXiv:2310.17198
[2]Antoniuk et al., arXiv:2308.15544

Q 4.8 Mon 12:45 HS 1199
Towards coherent single praseodymium ion quantum
memories in optical fiber microcavities — ∙Sören Bieling1, Nicholas
Jobbitt1, Roman Kolesov2, and David Hunger1 — 1Karlsruher Institut
für Technologie, 76131 Karlsruhe, Germany — 2Universität Stuttgart, 70569
Stuttgart, Germany
Rare earth ions doped into solids show exceptional quantum coherence in their
ground-state hyperfine levels. These spin states can be efficiently addressed and
controlled via optical transitions and are thus ideally suited to serve as quan-
tum memories and nodes of quantum networks. However, while long storage
times, high storage efficiencies and storage on the single photon level have all
been demonstrated separately, they could not yet be achieved simultaneously.

We aim to demonstrate both long and efficient single quantum storage in the
ground-state hyperfine levels of single Pr3+ ions doped into yttrium orthosil-
icate (YSO) by integrating them as membrane into optical high-finesse fiber-
based Fabry-Pérot microcavities. This allows for efficient addressing and detec-
tion of individual ions. We report on the design, commissioning and characteri-
zation of a next-gen cryogenic scanning microcavity with an integrated, few-μm
thick Pr:YSO membrane. First cryogenic, cavity enhanced photoluminescence
excitation measurements of a doped Pr:YSO membrane will be reported. To-
gether with the Purcell enhanced emission and ultrapure Pr:YSO membranes
this strives to realize efficient and coherent spin-photon interfaces suitable for
deployment in scalable quantum networks.

Q 5: Magnetometry
Time: Monday 11:00–13:00 Location: HS 1221

Invited Talk Q 5.1 Mon 11:00 HS 1221
Tailoring design of quantum sensor to biomedical applications — ∙Victor
Lebedev, Simon Nordenstroem, Stefan Hartwig, and Thomas Middel-
mann— PTB 8.2, Abbestr. 2-12, D-10587 Berlin, Germany
Atomic magnetometers are among the most established types of quantum sen-
sors and can be flexibly engineered to match the signal properties specific to the
given application. Biomagnetic studies call for extraordinarily broad parameter
ranges – bandwidth, sensitivity and isotropy, to name a few – to be secured in

view of burst-like, arbitrarily oriented biological magnetic fields [1]. This implies
distinct design decisions for the sensor in the sense of geometry, atomic medium
and operation mode, accounting also for the constraints of the clinical labora-
tory environment and practicality. Here we illustrate the approach by several
application cases, and, in particular, with atomic magnetometers for magneto-
myography [2], which is characterized by field patterns being beyond the reach
of the conventional sensors used in industry and studied in labs. We discuss
broader applications of the implemented magnetometer design and further im-
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provements of the measurement technique.
[1] Lebedev et al, in Flexible high performance magnetic field sensors,

Springer, 2023.
[2] Marquetand et al, Int. J. Bioelectromagn. 23, 2, 11 (2021).

Q 5.2 Mon 11:30 HS 1221
A Compact Optically Pumped Magnetometer for Biomagnetism in Space —
∙Sascha Neinert1,2, Kirti Vardhan2, Jenichi Felizco1, Marc Christ1,2,
Kai Gehrke1, Andreas Thies1, Olaf Krüger1, Martin Jutisz1,2, Mustafa
Gündoğan1,2, Victor Lebedev3, StefanHartwig3, SimonNordenström3,
Thomas Middelmann3, and Markus Krutzik1,2 — 1Ferdinand-Braun-
Institut gGmbH, Berlin — 2Humboldt-Universität zu Berlin — 3Physikalisch-
Technische Bundesanstalt, Berlin
Effectively monitoring and diagnosing astronauts’ neuromuscular conditions
during space missions is crucial for adapting their training. The MyoQuant
project is dedicated to investigating the utility of magnetomyography with op-
tically pumped magnetometers (OPMs) to surpass conventional methods in a
non-invasive manner.

Leveraging warm alkali atom vapors, laser light, and external magnetic fields,
OPMs offer a flexible and non-invasive solution. Our primary objective is to
develop a compact Mx-type magnetometer utilizing cesium vapor, delivering
high bandwidth and robustness suitable for moderately shielded environments
in space.
We provide an overview of the current state of development for our com-

pact OPM and discuss our progress in tailoring the sensor for biomedical ap-
plications. Facilitating additive manufacturing of ceramics and investigating
wafer-basedMEMS vapor cell fabrication techniques, we aim to develop amicro-
integrated sensor package for extended space-borne missions.

Q 5.3 Mon 11:45 HS 1221
Integrated magnetic field camera based on diamond NV center infrared
absorption ODMR — ∙Julian M. Bopp1,2, Hauke Conradi3, Felipe
Perona2, Anil Palaci1, Jonas Wollenberg1, Thomas Flisgen2, Armin
Liero2, HeikeChristopher2, NorbertKeil3, WolfgangKnolle4, Andrea
Knigge2, Wolfgang Heinrich2, Moritz Kleinert3, and Tim Schröder1,2
— 1Department of Physics, Humboldt-Universität zu Berlin, 12489 Berlin, Ger-
many — 2Ferdinand-Braun-Institut gGmbH, Leibniz-Institut für Höchstfre-
quenztechnik, 12489 Berlin, Germany — 3Fraunhofer-Institut für Nachricht-
entechnik, Heinrich-Hertz-Institut, 10587 Berlin, Germany — 4Leibniz-Institut
für Oberflächenmodifizierung e.V., 04318 Leipzig, Germany
Magnetic field sensors based on diamond nitrogen vacancy (NV) centers reveal
outstanding sensitivities at room temperature. Such sensors are attractive for
biological applications. Nowadays, multiple sensor types can be distinguished.
While fiber-packaged sensors are small, hand-held devices, they cannot record
magnetic field images. However, scanning magnetometers and camera-based
approaches require bulky optics or moving parts, which render photonic pack-
aging impossible.

In our work, we combine the advantages of fiber-packaged and imaging mag-
netometers. We propose and demonstrate a chip-integrated, fiber-packaged
multi-pixel magnetic field camera (patents US11719765B2, EP4099041A1). The
camera employs perpendicularly intersecting infrared and green laser beams to
perform spatially resolved ODMR in a diamond substrate.

Q 5.4 Mon 12:00 HS 1221
Compact Fiberized NV based 3D Magnetic Field Sensor — ∙Jonas
Homrighausen1, Frederik Hoffmann2, Jens Pogorzelski2, Peter
Glösekötter2, and Markus Gregor1 — 1Department of Engineering
Physics, University of Applied Sciences, Münster — 2Department of Electrical
Engineering and Computer Science, University of Applied Sciences, Münster
In the field of quantum magnetometry, ensembles of NV centers in diamond
offer high sensitivity, high bandwidth and outstanding spatial resolution while
operating at room temperature. Furthermore, the orientation of the defect cen-
ters along four crystal axes form an inherent coordinate system that can be ex-
ploited to perform vectormagnetometry in a single device. For recovering three-
dimensional magnetic field information, an external known magnetic field is
critical, typically provided by a 3DHelmholtz coil. This however leads to a bulky
and lab-bound setup and inhibits anyminiaturization of the sensor device. Here,
we present a novel approach that facilitates the generation of a localized bias field
at the fiber tip and consequently omits the use of external field generation like

Helmholtz coils and rare earth magnets. Leveraging pre-selected orientations of
diamond microcrystals, we demonstrate vector magnetometry with the uniaxial
DC magnetic field. We achieve a sensitivity in the nT/Hz1/2 range, microscale
spatial resolution and a sensor cross section of <1mm2.

Q 5.5 Mon 12:15 HS 1221
Drone-suspended quantum gradiometer for detection of unexploded ord-
nance and geo-prospecting (QGrad) — ∙Gunnar Langfahl-Klabes, Denis
Uhland, and IljaGerhardt—Leibniz University, Inst. of Solid-State Physics,
Appelstr. 2, 30167 Hannover

The QGrad project aims to develop quantum sensors for unshielded airborne
magnetometry. We use alkali vapour atoms and gradiometry to subtract signals
from multiple magnetometers. This approach holds significance for uncovering
hidden rawmaterials, pipelines, contaminated sites, foundations, andmunitions,
particularly addressing the challenge of locating land mines and explosive ord-
nance from past wars for safe clearance.

Our collaboration includes academic partner Leibniz Institute of Photonic
Technologies Jena, and industrial partners Asdro GmbH, Optikron GmbH,
Supracon AG, and Toptica Photonics AG exploring the gradiometer scheme,
developing the required readout components, data processing capabilities and
integration for flight use.

In Europe, such quantummagnetometers are commercially unavailable, mak-
ing QGrad a pioneering initiative. We report on the current status of the project
and the gradiometer scheme in particular.

Q 5.6 Mon 12:30 HS 1221
NV-Magnetometry in a two-media laser cavity— ∙Yves Rottstaedt1, Lukas
Lindner1, Felix A. Hahl1, Florian Schall1, Tingpeng Luo1, Roman Bek2,
Jan Jeske1, andMarcel Rattunde1 — 1Fraunhofer Institute for Applied Solid
State Physics, Freiburg im Breisgau, Germany — 2Twenty-One Semiconductors
GmbH, Stuttgart, Germany
Laser Threshold Magnetometry (LTM) is a novel approach to measure magnetic
fields with nitrogen-vacancy (NV) centres in diamonds which can enable a sig-
nificant improvement in sensitivity while taking advantage of the NV magne-
tometry characteristics of room-temperature vector magnetometry and the abil-
ity to measure on background fields. Instead of simply collecting the photolumi-
nescence emitted by pumping the NV centres, the idea of LTM is to build a cavity
with diamond as the laser medium using the non-linear optical cavity to effec-
tively amplify changes in the optical signal. So far it has only been achieved in an
externally seeded amplification cavity due to strong absorption in the diamond.

We present an approach of building a cavity also including a second laser
medium, in this case an optically pumped semiconductor disc laser. The addi-
tional gain provided by the disc laser yields an independent laser cavity for LTM
with laser threshold behaviour without the need to seed the cavity externally.

Q 5.7 Mon 12:45 HS 1221
Physics-informed neural networks for analyzing NV-diamond wide-field
images of magnetic field distributions measured with a lock-in camera
— ∙Mykhailo Flaks1,2, Joseph S. Rebeirro1, Muhib Omar1, David
A. Broadway2, Patrick Maletinsky2, Dmitry Budker1,3,4, and Arne
Wickenbrock3 — 1Helmholtz Institut Mainz, 55099 Mainz, Germany —
2Department of Physics, University of Basel, Basel, CH-4056, Switzerland —
3JGU Mainz, 55128 Mainz, Germany — 4Department of Physics, University of
California, Berkeley, California 94720-7300, USA
We use a novel approach with physics-informed neural networks (PINNs) for
analyzing magnetic field distributions. We focus on widefield images acquired
from nitrogen-vacancy center-ensembles in diamond using a lock-in camera.
Our method allows to reconstruct source distributions such as currents or mag-
netization. The inverse reconstruction technique can be used for mapping cur-
rent distributions in conductors, studying superconductor vortices, and explor-
ing magnetization textures.

We apply these techniques to the images acquired with a microwave-free NV-
based imaging device, that uses the ground state level anticrossing (GSLAC) fea-
ture. With the addition of lock-in acquisition of the magnetic field image and
the PINN to the inverse problem analysis, we alleviate the effect of the ill-posed
nature of the inverse problem and the presence of noise in data. We address the
improved sensitivity of the underlying source distribution to advance the mea-
surement method towards a biocompatible sensor for neurons.
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Q 6: Solid State Quantum Optics I
Time: Monday 11:00–13:00 Location: HS 3118

Q 6.1 Mon 11:00 HS 3118
Spin properties of erbium dopants in nanophotonic silicon waveguides
— ∙Kilian Sandholzer, Stephan Rinner, Kilian Baumann, Adrian
Holzäpfel, Andreas Gritsch, and Andreas Reiserer — Technical Univer-
sity of Munich, Munich Center for Quantum Science and Technology, and Max
Planck Institute for Quantum Optics, Garching, Germany
The optical transitions of 4f-electrons in implanted erbium ions are in the
telecommunication range making this solid-state system well suited for quan-
tum networks. The incorporation in silicon allows us to use industrial nanofab-
rication to shape the optical properties of the erbium ions via photonic mode
engineering. Our implantation and annealing recipe provide reproducible site
integration with promising spin properties of the erbium 4f-electrons. The crys-
tal field splits the lowest spin-degenerate electronic state by 2.6 THz and 2.4 THz
in the ground and excited statemanifold, respectively, creating two optically cou-
pled isolated effective spin-1/2 systems. Wemeasure the strength and orientation
of the effective g-tensors by spectroscopy of a rotating sample in an externalmag-
netic field. Furthermore, the lifetime of the ground-state electron spin is mea-
sured using spectral hole burning in dependence of temperature and magnetic
field. We find a lower bound of 1 s for the spin lifetime at temperatures below 4.5
K and observe an Orbach-type suppression at higher temperatures. These spin
properties are measured on commercially fabricated samples1 promising easy
scalability of this quantum spin-photon interface.

[1] S. Rinner et al., Nanophotonics 12, 3455, (2023)

Q 6.2 Mon 11:15 HS 3118
Design of a high-speed graphene optical modulator on Si3N4 platform
for on-chip communication — ∙Ashraful Islam Raju1, Pawan Kumar
Dubey1, Rasuole Lukose1, Christian Wenger1,2, Andreas Mai1,3, and
Mindaugas Lukosius1 — 1IHP- Leibniz Institut für innovative Mikroelek-
tronik, ImTechnologiepark 25, 15236 Frankfurt (Oder), Germany— 2BTUCot-
tbus Senftenberg, Platz der Deutschen Einheit 1, 03046 Cottbus, Germany —
3Technical University of Applied Science, Hochschulring 1, 15745 Wildau, Ger-
many
Electro-absorption (EA) optical modulator is essential for the advancement of
on-chip optical signal processing. While silicon-photonics is a prime candi-
date, graphene photonics has garnered significant attention due to its remark-
able electrical and optical properties. Graphenemodulators typically use silicon-
on-insulator (SOI) platforms, but Silicon-nitride on-silicon-dioxide (Si3N4-on-
SiO2) is emerging as a promising alternative with low optical losses and wide
compatibility. Despite potential advantages, achieving both high-speed and large
modulation efficiencies simultaneously in a single graphene-based device has
been challenging. To address this, we designed and simulated a waveguide-
coupled double-layer graphene EA modulator on the Si3N4-on-SiO2 platform.
We conducted detailed simulations to optimize waveguide dimensions, optical
modes, and graphene layer spacing for optimum device performance. Simula-
tion shows a 140 GHz bandwidth, 35 dB extinction ratio (equivalent to a 0.16
dB/um modulation depth), and a low 1.1 dB insertion loss at a wavelength of
λ=1550 nm.

Q 6.3 Mon 11:30 HS 3118
An ultra-broadband, integrated mid-infrared photon pair source — ∙Abira
Gnanavel, Franz Roeder, René Pollmann, Olga Brecht, Christof
Eigner, Laura Padberg, Benjamin Brecht, and Christine Silberhorn —
Paderborn University, Integrated QuantumOptics, Institute for Photonic Quan-
tum Systems (PhoQS), Warburger Straße 100, 33098 Paderborn, Germany
Broadband photon-pairs from parametric down-conversion (PDC) are of inter-
est for spectroscopy at low light levels and applications such as quantum optical
coherence tomography or entangled two-photon absorption.

Here, we present a type II PDC source realised in a 40 mm long in-house fab-
ricated, dispersion engineered periodically poled Ti:LiNbO3 waveguide yielding
ultra-broadband, non-degenerate photon pairs with photons in the near-infrared
andmid-infrared regime. A broad spectrum is achieved bymatching both group
velocities and group velocity dispersion of the signal and idler photons centered
at 850 nm and 2800 nm, respectively. The spectral bandwidth of the photons
exceeds 23 THz when pumping with a low-cost cw laser diode. A higher band-
width in the frequency domain results in tighter correlations in the time domain
and thus an increased photon simultaneity. This is especially desirable for ultra-
fast spectroscopy applications because it enables better measurement precision.
We present first measurement results of the generated PDC light which are in
high correspondence with the simulations.

Q 6.4 Mon 11:45 HS 3118
Trapping of Nanodiamonds using Optical Tweezers — ∙Alena Erlenbach,
Isabel Cardoso Barbosa, Jonas Gutsche, Stefan Dix, Dennis Lönard,
and ArturWidera—Department of Physics and State Research Center OPTI-

MAS, University of Kaiserslautern-Landau, Erwin-Schroedinger-Str. 46, 67663
Kaiserslautern, Germany
The nitrogen-vacancy-center (NV) in diamond is a promising nanoprobe for
measuring temperature and magnetic fields, for which they are incorporated
into photonic structures such as waveguides. To optimize the excitation of the
NV centers and the detection of their fluorescence through the photonic struc-
ture, it is necessary to control the nanodiamonds positions during the fabrication
process precisely. Therefore, an optical-tweezer-setup can be incorporated into
structuring systems to control the position of the nanodiamonds. In this work,
we examine the trapping of nanodiamonds in optical tweezers to quantify the in-
fluence of different parameters for trapping, particularly the size of the nanodi-
amonds. Statistical measurements of nanodiamonds in different solvents reflect
that trapping is more efficient for smaller particles. This observation agrees with
a simple model considering the contributions of gradient and scattering forces.
Furthermore, first nanoparticles were trapped in different solvents, suitable for
mixing with photoresists needed to fabricate photonic structures. The results
show initial requirements for positioning nanodiamonds in solutions prior to
fabricate photonic structures with integrated NV centers.

Q 6.5 Mon 12:00 HS 3118
Pulse shaping approaches for quantum dot coherent control — ∙Vikas
Remesh1, FlorianKappe1, YusufKarli1, RiaKraemer2, Thomas Bracht3,
Armando Rastelli4, Doris Reiter3, Stefan Nolte2, and Gregor Weihs1
— 1Institute für Experimentalphysik, Universität Innsbruck, Innsbruck, Austria
— 2Abbe Center of Photonics, Friedrich Schiller University Jena, Germany —
3Condensed Matter Theory, Department of Physics, TU Dortmund, Germany
— 4Johannes Kepler University Linz, Linz, Austria
Shaped laser pulses have been remarkably effective in investigating and control-
ling various light-matter interactions spanning a broad area of research. In quan-
tum technologies, the techniques to shape complex spatiotemporal waveforms
have found renewed interest, for instance in coherent control of quantum dots
[1] and spectrotemporal mode shaping in parametric amplification and so on.
In this talk, I will navigate through the impact of pulse shaping techniques in
nanospectroscopy and how it enabled efficient preparation schemes in quantum
dots, based on our recent works [2]. Afterwards, I will conclude with my vision
on the future scope of nanophotonics-assisted-quantum technology roadmap.
[1] Photonic Quantum Technologies: Science and Applications 1, 53 (2023) [2]
Nano Letters 22, 6567 (2022), Materials for Quantum Technology 3, 025006
(2023), APL Photonics 8, 101301 (2023)

Q 6.6 Mon 12:15 HS 3118
Niobium-based plasmonic superconducting photodetectors for near- and
mid-IR up to 12 μm — ∙Sandra Mennle, Philipp Karl, Monika Ubl, Kse-
nia Weber, Pavel Ruchka, Philipp Flad, Mario Hentschel, and Harald
Giessen— 4th Physics Institute, Research Center SCoPE, and IQST, University
of Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany
Photon-based applications such as quantum technologies have become an im-
portant field of research, which requires fast and reliable detectors. Moreover,
applications in the mid-IR like spectroscopy are in need for highly efficient pho-
todetection. Superconducting nanowire photon detectors feature a great poten-
tial due to their high efficiency and sensitivity.

To enhance the absorption at larger wavelengths in the IR spectral range,
a plasmonic perfect absorber geometry is used, which utilizes an impedance-
matched plasmonic resonance in combination with a spacer layer and a reflector.

In this work we present detectors which reach an absorption of over 95% for
wavelengths up to 4 μm and demonstrate nanostructures with 90% absorption
in the 8-12 μm spectral range. By design, these plasmonic resonances feature
a large bandwidth and with simple changes of the geometry the resonance can
be easily tuned over a wide spectral range. Another advantage of the plasmonic
approach is large angle independence, thus high-NA optics can be used to de-
crease the spot size, resulting in even smaller detector areas and therefore faster
response.

Q 6.7 Mon 12:30 HS 3118
Towards ultra-small superconducting Nb-based plasmonic fiber coupled
photodetectors arrays— ∙PhilippKarl, SandraMennle, MonikaUbl, Kse-
nia Weber, Pavel Ruchka, Mario Hentschel, Philipp Flad, and Harald
Giessen— 4th Physics Institute, Research Center SCoPE, and IQST, University
of Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany
Quantum technologies require high-quality and efficient photodetectors and
the ability to detect single photons, which can be provided by superconducting
nanowire single photon detectors.

We present a superconducting niobium-based plasmonic perfect absorber de-
tector and with near-100% absorption efficiency in the near-infrared spectral
range.
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To reach the near-100% absorption over a wide spectral range, we take ad-
vantage of resonant plasmonic perfect absorber effects and their high resonant
absorption cross-section, to enable ultra-small active areas and short recovery
times.
To ensure the perfect coupling, we utilize directly coupled single mode fibers

in combination with high NA micro optics, which are printed onto the fibers.
With this knowledge, we demonstrate a scalable pixel detector design, which

inherits all the previous excellent detector properties.

Q 6.8 Mon 12:45 HS 3118
Directmeasurement of coherent light proportion from a laser source without
spectral filtering — ∙Xi Jie Yeo1, Eva Ernst1, Alvin Leow1, Lijiong Shen1,
Jaesuk Hwang1, Christian Kurtsiefer1,2, and Peng Kian Tan1 — 1Centre
for QuantumTechnologies, Singapore, Singapore— 2National University of Sin-
gapore, Singapore, Singapore
We present a method to measure the fraction of coherent light emitted by a
practical laser source, using interferometric photon correlations; correlations be-
tween photoevents detected at the output ports of an asymmetricMach-Zehnder
interferometer. Using this technique, we characterize the fraction of coherent
light emitted by a laser diode transiting across its lasing threshold.

Q 7: Quantum Communication I
Time: Monday 11:00–13:00 Location: HS 3219

Q 7.1 Mon 11:00 HS 3219
Polarization Entanglement Distribution on a Hybrid QKD Link — ∙Shreya
Gouravaram Navalur1,2, Uday Chandrashekara2, Gregor Sauer2,3, and
Fabian Steinlechner2,3 — 1Friedrich Schiller University, Abbe School of Pho-
tonics, Jena, Germany— 2Fraunhofer Institute for Applied Optics and Precision
Engineering, Jena, Germany — 3Friedrich Schiller University, Institute of Ap-
plied Physics, Abbe Center of Photonics, Jena, Germany
Quantum Key Distribution (QKD) uses quantum properties of light to estab-
lish secure encryption keys at a distance. Hybrid QKD links are communication
channels that incorporate free-space channels as well as fiberoptic links. Fiber-
based channels are efficient, reliable, and QKD can be implemented on existing
telecom networks with only minor modifications. Free space links, on the other
hand, can provide access in urban areas where fiber infrastructure is not de-
ployed and can also scale to long-distance satellite networks. Thus, hybrid QKD
networks, that comprise free-space and fiber segments are one of the promising
steps towards achieving the goal of a global quantum internet.

In this work, we build and characterize a polarization-entangled photon
source that produces highly non-degenerate pairs of signal and idler photons
at suitable wavelengths for free-space and fiber-based transmission. Further, we
deploy the source on a small-scale hybrid link in Jena to perform entanglement
distribution experiments. This way, we can optimize the photon source and study
its behaviour on hybrid links, in a real-world environment outside of ideal lab
conditions.

Q 7.2 Mon 11:15 HS 3219
Vacuum mediated photon pair emission by a single atom — ∙Tobias Frank,
Gianvito Chiarella, Pau Farrera, and Gerhard Rempe—Max Planck In-
stitute for Quantum Optics
Single atoms coupled to high finesse optical cavities serve as a key platfrom for
future quantum networks, where photonic qubits must be distributed, stored
and processed efficiently. This platform offers scalability, either by increasing the
number of simultaneously coupled emitters or cavity modes. The development
of optical-fiber based high finesse Fabry-Perot resonators facilitates the coupling
of spatially independent resonator modes to the same emitter. Our group previ-
ously implemented such a system using single 87Rb atoms coupled to two crossed
optical fiber cavities in the high cooperativity regime. The versatility of this sys-
tem enables the implementation of a passively heralded quantum memory [1]
and a nondestructive qubit detector [2]. We recently extended the capabilities
using three atomic energy levels coupled to the two cavities in a ladder configu-
ration. This configuration generates pairs of single photons which are efficiently
coupled into separate optical fibers. Using numerical simulations, we find pa-
rameters in the regime of strong coupling, for which our system could generate
photon pairs without populating the intermediate atomic state. We explain this
process in analogy to STIRAP but mediated by the vacuum field in both cavities.

[1] Brekenfeld, M., Niemietz, D., Christesen, J.D. et al. Nat. Phys. 16, 647-651
(2020) [2] Niemietz, D., Farrera, P., Langenfeld, S. et al. Nat. 591, 570-574 (2021)

Q 7.3 Mon 11:30 HS 3219
New atom-cavity setup for engineering entanglement— ∙Stephan Roschin-
ski, Johannes Schabbauer, Marvin Holten, and Julian Léonard — Tech-
nische Universität Wien, Atominstitut, Stadionallee 2, 1020 Wien, Österreich
The efficient and deterministic generation of entanglement in a many-body sys-
tem poses a challenge for analog and digital quantum simulators. While atomic
platforms provide great scalability, they mostly rely on local couplings, for in-
stance, collisional or Rydberg interactions. We report on the current status of a
new experimental apparatus to strongly couple an atomic tweezer array to a fiber-
based Fabry-Pérot cavity. The cavity geometry with short length, small mirror
diameter, and large curvature, places us in a unique regime with simultaneously
high single-atom cooperativity and single-atom addressing and readout. Our
setup is optimized for fast repetition rates, owing to loading the tweezer array
from a magneto-optical trap which is placed within millimeters from the cavity.

In future, harnessing this new control will enable us to engineer entanglement
through photon-mediated interactions. Further advantages of this platform in-
clude partial non-destructive readout and efficientmulti-qubit entanglement op-
erations. In the long term, the proposed platform provides a scalable path to
studying many-body systems with programmable connectivity, as well as an ef-
ficient atom-photon interface for quantum communication applications.

Q 7.4 Mon 11:45 HS 3219
Discrete-modulated continuous-variable QKD over an atmospheric chan-
nel — ∙Kevin Jaksch1,2, Thomas Dirmeier1,2, Jan Schreck1,2, Yannick
Weiser1,2, Stefan Richter1,2, Ömer Bayraktar1,2, Bastian Hacker1,2,
Conrad Rössler1,2, Imran Khan1,2, Andrej Krzic3, Markus Rothe3,
Markus Leipe3, Nico Döll3, Christopher Spiess3, Matthias Goy3, Flo-
rian Kanitschar4,5, Stefan Petscharning4, ThomasGrafenauer4, Bern-
hard Ömer4, Christoph Pacher4, Twesh Upadhyaya5, Jie Lin5, Norbert
Lütkenhaus5, Gerd Leuchs1,2, and Christoph Marquardt2,1 — 1Max
Planck Institute for the Science of Light, Erlangen, Germany — 2Friedrich-
Alexander-Universität Erlangen-Nürnberg, Germany — 3Fraunhofer Institute
for Applied Optics and Precision Engineering, Jena, Germany — 4AIT Austrian
Institute of Technology, Center for Digital Safety&Security, Vienna, Austria —
5Institute for Quantum Computing and Department of Physics and Astronomy,
University of Waterloo, Canada
In future metropolitan QKD networks, atmospheric links can provide secure
communication complementary to the fiber backbone. For this, we implemented
a discrete-modulated continuous-variable QKD system over an urban 1.7 km at-
mospheric channel in Jena. After sub-binning the transmission to cope with the
fluctuating nature of the channel, we study the applicability of a recently pub-
lished security proof in the finite size regime [1] and a fixed set of implemented
error correction codes for secret key generation.

[1] Kanitschar et al., PRX Quantum 4, 040306 (2023)

Q 7.5 Mon 12:00 HS 3219
Boosted quantum teleportation— ∙Simone EvaldoD’Aurelio1,2, Matthias
Bayerbach1,2, and Stefanie Barz1,2 — 1Institute for Functional Matter and
Quantum Technologies, Stuttgart, Germany— 2Center for Integrated Quantum
Science and Technology (IQST), Stuttgart, Germany
Quantum teleportation serves as a fundamental pillar across various quantum
applications, spanning from quantum communication to quantum computation.
Although photons show great promise in these endeavors, the application of lin-
ear optics imposes a limitation, capping the success probability of quantum tele-
portation at 50%. This limitation arises from the fact that a key component,
the Bell-state measurement (BSM), faces constraints in success probability when
employing linear optics. Here, we demonstrate an enhanced form of quantum
teleportation, so-called boosted teleportation, using linear optics only. Intro-
ducing an additional ancilla state in the BSM boosts the success probability of
the BSM and thus also of the overall quantum teleportation process. The use
of extra photons does introduce a more intricate detection pattern compared to
the non-boosted scenario. This complexity reveals more information, leading to
a higher success probability. Our results show fidelities between the teleported
states and the expected outcomes that surpass the maximum fidelity achievable
through classical means. This experiment highlights the potential for advanced
quantum teleportation protocols, particularly in the realm of photonic quantum
computing.

Q 7.6 Mon 12:15 HS 3219
A phase encoding protocol for satellite QuantumKey Distribution— ∙Kevin
Günthner1,2, Conrad Rössler1,2, Bastian Hacker1,2, Ivan Derkach3,
Vladyslav Usenko3, and Christoph Marquardt1,2 — 1Lehrstuhl für
Optische Quantentechnologien, Friedrich-Alexander-Universität Erlangen-
Nürnberg, Staudtstr. 7, 91058 Erlangen, Germany — 2Max Planck Institute for
the Science of Light, Staudtstr. 2, 91058 Erlangen, Germany — 3Department of
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Optics, Faculty of Science, Palacky University, 17. listopadu 12, 77146 Olomouc,
Czech Republic
We report on a novel Quantum Key Distribution (QKD) protocol using rela-
tive phase encoding designed and optimized for operational satellite QKD. The
protocol is based on the BB84 decoy-state protocol. Its security proof is based
on the rigorous finite-size techniques [1] extended by several security aspects of
the practical implementation. Besides the quantum state exchange for key cre-
ation, the protocol contains two additional time multiplexed parts: a few states
at quantum level with deterministic phases and intensities to obtain a live refer-
ence error rate and bright reference signals used for Doppler effect compensa-
tion, clock recovery and bit synchronization with the satellite (without the need
for an absolute time reference) as well as for phase locking of the receiving inter-
ferometers [2]. With this approach, the quantum signal train is self-contained
and requires no additional reference signals for QKD operation simplifying the
practical implementation.

[1] Z. Zhang et al., PRA 95, 012333 (2017)
[2] B. Hacker et al., New J. Physics 25, 113007 (2023)

Q 7.7 Mon 12:30 HS 3219
Temporal mode engineering in pulsed parametric down-conversion —
Laura Serino, ∙Werner Ridder, Jano Gil-Lopez, Abhinandan Bhat-
tacharjee, BenjaminBrecht, andChristine Silberhorn—PaderbornUni-
versity, Integrated Quantum Optics, Institute for Photonic Quantum Systems
(PhoQS), 33098 Paderborn, Germany
Due to the rise of quantum computing, classical secure communication is put at
risk. A safer solution is given by entanglement-based high-dimensional quan-
tum key distribution (HD-QKD). Temporal modes of single photons offer an ap-
pealing alphabet for HD-QKD. One fundamental component for this protocol
is a photon pair source that generates maximally entangled photon pairs with
programmable temporal modes and a finite dimensionality. In this work, we
demonstrate such a source. The source is based on a type II parametric down-
conversion process in a periodically poled potassium titanyl phosphate waveg-

uide. We pump the source with spectrally shaped light pulses and generate pho-
ton pairs in the telecom C band. We base our encoding on so-called cosine-
kernel modes (equivalent to time-bins) because they yield maximally entangled
states. We can, however, realize other encodings by programming other pump
pulse spectra. To characterize the performance of the source, the relation be-
tween the second-order broadband correlation function д(2) and the Schmidt
number K has been exploited, where д(2) = 1+ 1/K . We demonstrate the gener-
ation of photon pairs with dimensionalities from 1 to 9 and explore other coding
alphabets.

Q 7.8 Mon 12:45 HS 3219
Clock recovery with single photon clicks for satellite QKD — ∙Conrad
Rössler1,2, Bastian Hacker1,2, Kevin Günthner1,2, and Christoph
Marquardt1,2 — 1Lehrstuhl für Optische Quantentechnologien, Friedrich-
Alexander-Universität Erlangen-Nürnberg, Staudtstr. 7, 91058 Erlangen, Ger-
many — 2Max Planck Institute for the Science of Light, Staudtstr. 2, 91058 Er-
langen, Germany
While Quantum Key Distribution (QKD) offers an information theoretical se-
cureway to exchange cryptographic keys, its experimental implementation poses
technical challenges, especially in satellite QKD. Since QKD sources work with
very weak signals in order to profit from the quantum mechanical no-cloning
theorem, the high loss experienced in satellite QKD is particularly disruptive for
these fragile states. One way to overcome this is to increase the modulation and
sent symbol rate. However, still only very few of these fast modulated signals
will arrive at the receiver. For successful key exchange, one must map each of
the received states correctly onto the corresponding sent state, which is espe-
cially difficult for high rates. Since resources at the satellite are usually limited,
the most obvious solution of storing every sent state at the sender for a long time
is not practical. Thus, a fast clock recovery is critical in order to allow processing
of the received states at runtime. We present our clock recovery algorithm, based
on single photon clicks received from reference signal time multiplexed with the
quantum states. With this technique, we achieve below nanosecond accuracy
within less than a second.

Q 8: Ultra-cold Plasmas and Rydberg Systems I (joint session A/Q)
Time: Monday 17:00–19:00 Location: HS 1010
See A 5 for details of this session.

Q 9: Bosonic Quantum Gases II (joint session Q/A)
Time: Monday 17:00–19:00 Location: Aula

Q 9.1 Mon 17:00 Aula
Regression theorem and nonlinear response in a photon Bose-Einstein con-
densate — Alexander Sazhin1, Vladimir N. Gladilin2, Andris Erglis3,
Frank Vewinger1, Martin Weitz1, Michiel Wouters2, and ∙Julian
Schmitt1 — 1Institut für Angewandte Physik, Universität Bonn, Wegelerstr.
8, 53115 Bonn, Germany — 2TQC, Universiteit Antwerpen, Universiteitsplein
1, B-2610 Antwerpen, Belgium — 3Physikalisches Institut, Albert-Ludwigs-
Universität Freiburg, Hermann-Herder-Str. 3, 79104 Freiburg, Germany
The quantum regression theorem states that the correlations of a system at two
different times are governed by the same equations of motion as the temporal
response of the average values. Here we report experiments demonstrating that
the two-time second-order correlations of a photon Bose-Einstein condensate
inside a dye-filled microcavity exhibit the same eigenvalues of the dynamics as
the response of the condensate to a sudden perturbation of the dye molecule
bath. This confirms an unconventional form of the regression theorem for a cou-
pled many-body quantum system, where the perturbation acts on the bath and
only the condensate response ismonitored. For strong perturbations, we observe
nonlinear relaxation dynamics well described by microscopic theory, confirm-
ing the regression theorem for an optical quantum gas also beyond the regime
of linear response.

Q 9.2 Mon 17:15 Aula
Bath engineering in atomic quantum gas mixtures — ∙Lorenz Wanckel,
Alexander Schnell, and André Eckardt — Technische Universität Berlin,
Institut für Theoretische Physik, 10623 Berlin, Germany
Open quantum many-body systems interacting with their environment can
reach interesting non-equilibrium steady states. We want to describe a quantum
gas mixture theoretically in the framework of open systems in order to use it
for dissipative quantum simulations. We consider a mixture of ultracold atoms
of two different species, treating one as the system and the other as the bath,
both weakly interacting via contact interaction. The specific model system de-
scribes atoms trapped in a one-dimensional optical lattice which is immersed

in the cloud of bath atoms. Due to species-selective potentials it is possible that
the bath atoms are uneffected by the lattice potential and freely evolve and in-
teract with the system atoms. The bath is treated as an ideal fermionic/bosonic
quantum gas. Starting from a microscopic model, we define a spectral coupling
density within the Born-Markov approximation scheme and compare it with a
simple ansatz describing a local ohmic bath, which is often used in this scenario.

Q 9.3 Mon 17:30 Aula
A Coherence Microscope Based on the Matter-Wave Talbot Effect— ∙Justus
Brüggenjürgen, MathisFischer, andChristofWeitenberg—Institute for
Quantum Physics, University of Hamburg, Luruper Chaussee 149, 22761 Ham-
burg, Germany
Imaging is crucial for gaining insight into physical systems. In the case of ultra-
cold atoms in optical lattices, quantum gas microscopes have revolutionized the
access to quantummany-body systems by detecting and addressing single atoms
on single lattice sites. The novel technique of quantum gas magnification uses
matter-wave optics to magnify the density distribution before the optical imag-
ing and therefore allows to directly image the Talbot carpet that forms when
releasing the atoms from an optical lattice.

We realize this for a BEC of Lithium-7 atoms in a triangular optical lattice
and map out the spatial coherence by analyzing the contrast of successive Talbot
copies. The technique should also allow to reconstruct the fluctuating phase pro-
file of individual samples imaged at a Talbot copy. This will realize a coherence
microscope with spatially resolved access to phase information, which allows to
study domain walls, thermally activated vortex-pairs, or to locally evaluate co-
herence in inhomogeneous quantum many-body systems.

Q 9.4 Mon 17:45 Aula
An Optical Quantum Gas Magnifier for Lithium-7 Atoms — ∙Mathis Fis-
cher, Justus Brüggenjürgen, and Christof Weitenberg — Institute for
Quantum Physics, University of Hamburg, Luruper Chaussee 149, 22761 Ham-
burg, Germany
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Ultracold gases in optical lattices are a pristine experimental platform for quan-
tum simulation of complex many-body systems as they come with a high degree
of control and a wide range of accessible observables. The advent of quantum
gas microscopes has revolutionized the access to quantum many-body systems
by detecting and addressing single particles on single lattice sites. The novel com-
plementary approach of quantum gas magnification expands this toolbox to 3D
systems and large occupation numbers. Here the atomic density distribution is
magnified via matter-wave optics before taking absorption images with effective
sub-lattice site resolution.

We report on the realization of an all-optical quantum gas magnifier for ul-
tracold Lithium-7 atoms in triangular optical lattices i.e. using an optical dipole
trap as matter-wave lens. The all-optical approach allows us to exploit the broad
Feshbach resonance of Lithium to control the interaction strength. With this
technique, we can access the coherence properties of the system. In the future,
the optical matter-wave lens will also allow to image spin mixtures. Further-
more, the addition of high numerical aperture optics will allow for single-atom
sensitivity via free-space fluorescence imaging.

Q 9.5 Mon 18:00 Aula
Site-resolved current and kinetic energy measurements using optical
superlattices — ∙Alexander Impertro1,2,3, Simon Karch1,2,3, Julian
Wienand1,2,3, SeungJung Huh1,2,3, Christian Schweizer1,2,3, Immanuel
Bloch1,2,3, and Monika Aidelsburger1,2,3 — 1Department of Physics,
Ludwig-Maximilians-Universität München, Schellingstr. 4, D-80799 Munich,
Germany — 2Munich Center for Quantum Science and Technology (MCQST),
80333 Munich — 3Max-Planck-Institut für Quantenoptik, Hans-Kopfermann-
Strasse 1, D-85748 Garching, Germany
Quantum gas microscopes naturally realize a measurement of the particle num-
ber density in an optical lattice. Further information about the underlying quan-
tum state can only be obtained bymeasuring additional, complementary observ-
ables. Here, we demonstrate how optical superlattice potentials can be used to
measure the expectation values of the current and the kinetic energy operator.
Our scheme is based on driving programmable rotations in isolated double wells
to rotate the measurement basis in an arbitrary direction. Furthermore, we show
that a local control enables to perform spatially varying rotations, which can
be used both to read out complex correlators as well as to engineer interesting
quantum states. The presented scheme will pave the way for a more flexible state
tomography and state engineering in optical lattices, and in particular to detect
exotic quantum many-body phases that have no signatures in the density.

Q 9.6 Mon 18:15 Aula
Interplay of topology and disorder in driven honeycomb lattices —
∙Johannes Arceri1,2,3, Alexander Hesse1,2,3, Christoph Braun1,2,3, Im-
manuel Bloch1,2,3, and Monika Aidelsburger1,2,3 — 1Fakultät für Physik,
Ludwig-Maximilians-Universität München, München — 2Munich Center for
Quantum Science and Technology (MCQST), München — 3Max-Planck-
Institut für Quantenoptik, Garching
Floquet engineering, i.e., periodic modulation of a system’s parameters, has
proven as a powerful tool for the realization of quantum systems with exotic
properties that have no static analog. In particular, the so-called anomalous
Floquet phase displays topological properties even if the Chern number of bulk
bands vanishes.

Our experimental platform involves bosonic atoms in a periodically-driven
honeycomb lattice. Depending on the driving parameters, several out-of-equil-

ibrium topological phases can be realized, among which an anomalous phase.
Chiral edge modes can be probed by releasing an atomic wavepacket from a

tightly focused optical tweezer in proximity of the potential step projected by
a digital micromirror device. The additional projection of an optical speckle
potential on the honeycomb lattice allows for the realization of disordered sys-
tems. We benchmark the robustness of edge modes to disorder across different
topological regimes and observe a disorder-driven transition from the Haldane
regime to the anomalous regime. Furthermore, we compare edge state dynamics
to the expansion of bulk states for increasing disorder strength.

Q 9.7 Mon 18:30 Aula
Quantum geometry of bosonic Bogoliubov quasiparticles— ∙Isaac Tesfaye
andAndré Eckardt—Institut fürTheoretische Physik, TechnischeUniversität
Berlin Hardenbergstraße 36, 10623 Berlin, Germany
Topological and geometrical features arising bosonic Bogoliubov-de Gennes
(BdG) systems have mainly been studied by utilizing a symplectic (generalized)
version of the Berry curvature and Chern number. These bosonic topological
features may even solely arise due to the non-particle number conserving terms
in the corresponding BdG Hamiltonian, making these systems inherently dis-
tinct from their non-interacting (fermionic) counterparts. Here, we propose
the notion of the symplectic quantum geometric tensor (SQGT) whose imag-
inary part leads to the previously studied symplectic Berry curvature, while the
real part gives rise to a symplectic quantum metric, providing a natural distance
measure in the space of bosonic Bogoliubov modes. Moreover, previous propos-
als to verify the topology of bosonic BdG systems have relied solely on probing
topologically protected chiral edge modes. Here, we propose how to measure all
components of the SQGT by the use of periodic modulation of the systems’ pa-
rameters in a linear response regime and connect the symplectic Berry curvature
to a generalized anomalous velocity term for Bogoliubov Bloch wave packets.
[1] R. Shindou et al., Phys. Rev. B 87, 174427 (2013).
[2] S. Furukawa and M. Ueda, New J. Phys. 17, 115014 (2015).
[3] T. Ozawa and N. Goldman, Phys. Rev. B 97, 201117 (2018).

Q 9.8 Mon 18:45 Aula
Dressed 171Yb+ Hyperfine Qubits in a Multi-layer Planar Ion Trap —
∙Elham Esteki1, Bogdan Okhrimenko1, Amado Bautista Salvador2,3,4,
Christian Ospelkaus2,3,4, Ivan Boldin1, and Christof Wunderlich1 —
1Dept. Physik, Nat.-Techn. Fak., Universität Siegen, 57068 Siegen (Germany)
— 2Leibniz Universität Hannover, Welfengarten 1, 30167 Hannover (Germany)
— 3Laboratory for Nano - and Quantum Engineering, Schneiderberg 39, 30167
Hannover (Germany) — 4Physikalisch-Technische Bundesanstalt, Bundesallee
100, 38116 Braunschweig (Germany)
Dressed atomic states - the eigenstates of the Hamiltonian of an atom subject to
a near-resonant driving field - protect atomic states against decoherence due to
common noise sources. We present a micro-fabricated ion-trap-chip, designed
for quantum information processing based on radiofrequency-dressed qubits us-
ing hyperfine states of 171Yb+ ions [1]. The trap-chip consists of multiple layers
[2], one of which includes an integrated RF resonator near 12.6GHz. It creates an
axial gradient of the microwave magnetic field amplitude which serves for indi-
vidual qubit addressing, as well as for qubit-qubit coupling. We experimentally
characterize this novel ion-trap-chip and demonstrate preparation, manipula-
tion and detection of RF-dressed single-and two-qubit gates.

1. S. Wölk et al., New J. Phys. 19, 083021 (2017)
2. A. Bautista-Salvador et al., New J. Phys. 21, 043011 (2019)

Q 10: Cavity QED
Time: Monday 17:00–19:00 Location: HS 1199

Invited Talk Q 10.1 Mon 17:00 HS 1199
Correlated light-matter states from first principles and their use for chirality,
and chemistry — ∙Christian Schäfer — Department of Physics, Chalmers
University of Technology, 412 96 Göteborg, Sweden.
Confining optical or plasmonicmodes results in a strong increase in light-matter
coupling and leads to the creation of hybrid light-matter states, called polari-
tons. Control over the electromagnetic confinement allows, therefore, to non-
intrusively control the correlated eigenstates. Here, we focus on two fascinating
applications that emerge from this realization. First, breaking chiral symmetry
with specifically designed electromagnetic environments paves the way for a new
direction in chiral recognition [1,2]. Second, we refine our theoretical tool-box
and investigate how vibrational strong coupling can control chemical reactivity
[3-7]. We conclude with an outlook on active research addressing plasmonic
catalysis and the quantization and treatment of macroscopic open quantum-
systems.

[1] C. Schäfer, D. Baranov, J. Phys. Chem. Lett. 2023, 14, 15, 3777-3784. [2]
D. Baranov, C. Schäfer, M. Gorkunov, ACS Photonics 2023, 10, 8, 2440-2455.
[3] C. Schäfer, Phys. Chem. Lett. 2022, 13, 30, 6905-6911. [4] C. Schäfer, F.

Buchholz, M. Penz, M. Ruggenthaler, and A. Rubio, PNAS 2021 Vol. 118 No. 41
e2110464118. [5] C. Schäfer, J. Flick, E. Ronca, P. Narang, and A. Rubio, Nature
Communications, (2022) 13:7817. [6] C. Schäfer, J. Fojt, E. Lindgren, and P. Er-
hart, arXiv:2311.09739, (2023). [7] M. Castagnola, T. Haugland, E. Ronca, H.
Koch, C. Schäfer, to be submitted (2023).

Q 10.2 Mon 17:30 HS 1199
Microcavity-mediated coupling of two molecules— ∙Jahangir Nobakht1,2,
André Pscherer1,2, Jan Renger1, Tobias Utikal1, Stephan Götzinger1,2,
and Vahid Sandoghdar1,2 — 1Max Planck Institute for the Science of Light,
Erlangen, D-91058, Germany. — 2Department of Physics, Friedrich-Alexander
University, Erlangen, D-91058, Germany.
We have successfully established efficient coupling between two individual or-
ganic molecules by harnessing their strong coupling to a Fabry-Perot micro-
cavity, thereby realizing the Tavis-Cummings model with dual emitters. This
achievement is marked by the collective enhancement of the vacuum Rabi split-
ting, accompanied by the emergence of a distinctive dark middle peak. Our
investigation further unveils the formation of subradiant/superradiant states
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within the dispersive regime of cavity quantum electrodynamics (QED), accom-
panied by a collectively enhanced Lamb shift in the superradiant state. Our work
demonstrates the potential for achieving a high density of solid-state emitters
with high individual cooperativity. This capability opens avenues for detecting
rich, long range, coherent multi-photon intermolecular processes.

Q 10.3 Mon 17:45 HS 1199
Cavity Polaritons Formation at the Gap Edge of a Quantum Material —
∙IgorGianardi1, Michele Pini1, and Francesco Piazza1,2 — 1Max-Planck-
Institut für Physik komplexer Systeme, 01187 Dresden, Germany— 2Institute of
Physics, Universität Augsburg, 86159 Augsburg, Germany
Quantum nonlinear optics is a rapidly expanding field, which offers significant
technological potential while engaging with intricate and novel many-body phe-
nomena. This area of research delves into optical nonlinearities arising from the
interactions between polaritons, hybrid quasi-particles which blend matter and
light properties. The formation and interaction of polaritons, while having been
extensively studied in various atomic platforms, remain largely unexplored in
the realm of quantum materials, where the influence of strong electron corre-
lations is particularly significant [1-3]. Our research concentrates on materials
that exhibit an ordered gapped phase, introducing a novel type of polariton. This
polariton is characterized by the hybridization of a cavity photon and a specific
electronic interband excitation. As a paradigmatic example we consider CDW-
insulators. Our findings reveal that polaritons located slightly below the energy
gap display remarkably large dispersion while exhibiting zero absorption. The
distinctive properties of these polaritons hint that their interactions will mani-
fest highly pronounced nonlinearities.

[1] M. Kiffner et al., New J. Phys. 21, 073066 (2019)
[2] A. Allocca et al., Phys. Rev. B 99, 020504(R) (2019)
[3] L. B. Tan et al., Phys. Rev. X 10, 021011 (2020)

Q 10.4 Mon 18:00 HS 1199
Cavity-mediated collective emission from few emitters in a diamond mem-
brane — ∙Kerim Köster1, Maximilian Pallmann1, Yuan Zhang2, Julia
Heupel3, Timon Eichhorn1, Cyril Popov3, Klaus Mølmer4, and David
Hunger1 — 1Karlsruhe Institute of Technology, Germany — 2Zhengzhou Uni-
versity, China— 3University of Kassel, Germany— 4University of Copenhagen,
Denmark
When an ensemble of quantum emitters couples to a common radiation field,
their polarizations can synchronize and a collective emission termed superfluo-
rescence can occur. Entering this regime in a free-space setting requires a large
number of emitters with a high spatial density as well as coherent optical tran-
sitions with small inhomogeneity. Here we show that by coupling nitrogen-
vacancy (NV) centers in a diamond membrane to a high-finesse microcavity,
also few, incoherent, inhomogeneous, and spatially separated emitters - as are
typical for solid state systems - can enter the regime of collective emission. We
observe a super-linear power dependence of the emission rate as a hallmark of
collective emission. Furthermore, we find simultaneous photon bunching and
antibunching on different timescales in the second-order auto-correlation func-
tion, revealing cavity-induced interference in the quantized emission from about
fifteen emitters. We develop theoretical models and find that the population of
collective states together with cavity enhancement and filtering can explain the
observations. Such a system has prospects for the generation of multi-photon

quantum states, and for the preparation of entanglement in few-emitter systems.
Related publication: arXiv:2311.12723v1

Q 10.5 Mon 18:15 HS 1199
Ultrafast Excitation Exchange in a Maxwell-Fish-Eye Lens— ∙Oliver Diek-
mann, Dmitry O. Krimer, and Stefan Rotter — Institute for Theoretical
Physics, TU Wien, Vienna A-1040, Austria
The strong coupling of quantum emitters to a cavitymode has been of paramount
importance in the development of quantum optics. Recently, also the strong cou-
pling tomore than a singlemode of an electromagnetic resonator has drawn con-
siderable interest. We investigate how this multimode strong coupling regime
can be harnessed to coherently control quantum systems. Specifically, we
demonstrate that a Maxwell-Fish-Eye lens can be used to implement a pulsed
excitation-exchange between two distant quantum emitters. This periodic ex-
change is mediated by single-photon pulses and can be extended to a photon-
exchange between two atomic ensembles, for which the coupling strength is en-
hanced collectively.

Q 10.6 Mon 18:30 HS 1199
Jaynes-Cummings Model for Chiral Cavity Quantum Electrodynamics —
∙Lara Marie Tomasch, Stefan Yoshi Buhmann, and Fabian Spallek —
Universität Kassel
We examine the effects of chirality on the interaction of a two-level quantum
system with a single mode of the quantised electrcomagnetic field inside a cav-
ity. Considering chiral standing waves inside a cavity and a chiral two-level
molecule, we develop a generalised Jaynes-Cummings model and study its mod-
ified coupling constants and Rabi oscillations. Our results imply an increase of
coupling for matching handedness of the field and molecule.

Q 10.7 Mon 18:45 HS 1199
Position-resolved pseudomode description of open cavities — ∙Lucas
Weitzel, Andreas Buchleitner, and Dominik Lentrodt — Physikalisches
Institut, Albert-Ludwigs-Universität Freiburg
Awide-spread quantum optical method to describe light matter interaction con-
sists in reducing the involved degrees of freedom to the absolute minimum, such
as those of a two-level atom (strongly) coupled to an isolatedmode of a cavity. All
other degrees of freedom are thus screened away as an “environment” which cou-
ples only weakly to the hybrid. Such separation is derived from first principles in
many textbook scenarios, and allows an efficient description of the dynamics e.g.
by Markovian Lindblad master equations. The system-environment separation
becomes ever more difficult, though, as the number of strongly coupled degrees
of freedom increases, e.g. for a two-level atom in a low-quality cavity where res-
onator modes may overlap or even drown in a continuum background. Given
the mathematically well-controlled framework of Markovian Lindblad master
equations, it is important to understand under which conditions the emerging
dynamics can still be understood as resulting from an effective interaction of
the atom with a set of broadened modes (pseudomodes), over a weakly coupled
environment. To settle this question, we construct a fully analytical pseudo-
mode representation of open cavities through “reverse-engeneering” from the
position-resolved atomic dynamics within the cavity. We discuss the versatility
of ourmethod and potential applications tomore complex atomic (ormolecular)
targets.

Q 11: Precision Measurements I (joint session Q/A)
Time: Monday 17:00–19:00 Location: HS 1221

Q 11.1 Mon 17:00 HS 1221
Search for variations of fundamental constantswith highly charged ion clocks
— ∙LuisHellmich1,2, Ullrich Schwanke1,2, StevenWorm1,2, and Lakshmi
Kozhiparambil Sajith2,3 — 1Humboldt-Universität Berlin— 2DESY Zeuthen
— 3MPIK Heidelberg
The measurement of the variation of fundamental constants would be strong
evidence for new physics. In particular, many different theories predict the vari-
ation the fine-structure constant α. Atomic clocks are a highly precise tool of
measuring variations of α, as the clock transitions may change with α.
We are aiming to compare a Sr-lattice clock as a reference to a highly charged

ion (HCI) clock. HCI clocks are expected to have extremely high sensitivities
to α-variations. We show how such a setup could set new limits on variations
of fundamental constants. Furthermore, we estimate with Monte-Carlo simula-
tions and real data how those limits translate to constraints on scalar darkmatter
models and models with Lorentz-invariance violation.

Q 11.2 Mon 17:15 HS 1221
A strontium optical clock based on Ramsey-Bordé spectroscopy — ∙Amir
Mahdian1, Oliver Fartmann1, Ingmari C Tietje1, Martin Jutisz1,
Conrad L Zimmermann2, Vladimir Schkolnik1,2, Marc Christ2, and

Markus Krutzik1,2 — 1Humboldt-Universität zu Berlin, Institut für Physik —
2Ferdinand-Braun-Institut, Leibniz-Institut für Höchstfrequenztechnik, Berlin
We are developing a Ramsey-Bordé based optical atomic clock where the long-
term stability relies on interrogating a stream of strontium atoms. Our choice of
the clock transition is the 5s2 1S0 → 5s5p 3P1 intercombination line of Sr at 689
nm, targeting an Allan deviation as low as 2 × 10−15 between 100 s and 1000 s,
and 10−15 for longer interogation times.

Following an overview of our atom interferometer’s current status, the latest
developments in the power and frequency stability of the relevant lasers and a
different readout mechanism will be presented. Additionally, I showcase the ob-
servation of Ramsey-Bordé fringes, accompanied by numerical simulations to
aid in interpreting the signal. Moreover, I discuss the stability comparison of
our atomic beam clock vs a Rb two-photon frequency reference.

This work is supported by the German Space Agency (DLR), with funds pro-
vided by the FederalMinistry for EconomicAffairs andClimateAction (BMWK)
under grant number DLR50WM1852, and by the German Federal Ministry of
Education and Research (BMBF) within the program quantum technologies -
from basic research to market under grant number 13N15725.
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Q 11.3 Mon 17:30 HS 1221
Electronic Bridge schemes in 229Th doped LiCAF — ∙Tobias Kirschbaum1,
Martin Pimon2, and Adriana Pálffy1 — 1Julius-Maximilians-Universität
Würzburg, Germany — 2Technische Universität Wien, Austria
Large band gap crystals such as CaF2 or LiCaAlF6 (LiCAF) are an ideal inert host
for the nuclear clock candidate 229Th. Among others, these crystals are transpar-
ent with respect to the clock transition at ≈ 8 eV and a large number of nuclei
can be interrogated at the same time [1]. However, DFT calculations indicate
that doping of 229Th in these crystals leads to the formation of localized elec-
tronic states in the band gap, so-called defect states [2]. Due to their vicinity to
the nuclear transition energy, these can be used for effective nuclear excitation
via the Electronic Bridge mechanism, as we could show for the case of Th-doped
CaF2 crystals [2,3].

Here, we investigate theoretically different driven Electronic Bridge schemes
for 229Th doped LiCAF crystals and present the corresponding excitation rates.
These schemes enable a more efficient nuclear excitation/deexcitation compared
to direct photoexcitation. The results are discussed in conjuncture with the de-
sign of a solid-state nuclear clock.
[1] G. A. Kazakov et al., New J. Phys. 14, 083019 (2012).
[2] B. S. Nickerson et al., Phys. Rev. Lett 125, 032501 (2020).
[3] B. S. Nickerson et al., Phys. Rev. A 103, 053120 (2021).

Q 11.4 Mon 17:45 HS 1221
Large ring lasers in geodesy and seismology — ∙Simon Stellmer1, Jannik
Zenner1, Andreas Brotzer2, Jan Kodet3, Heiner Igel2, and Karl Ulrich
Schreiber3 — 1Universität Bonn — 2LMUMünchen — 3Geodätisches Obser-
vatoriumWettzell und TU München
The rotation of Earth is not as constant as it may seem. On the contrary, it is
modulated through various processes at a large range of frequencies. Tradition-
ally, these variations are measured by astronomical techniques such as VLBI, but
there is a new kid on the block: large ring lasers have matured to a level that al-
lows for continuous monitoring of variations in the Earth rotation rate at the
level of 10−8 and below. We will give an overview on the three large ring lasers
currently operated in Germany, latest advances and technology development, as
well as applications and future perspectives.

Q 11.5 Mon 18:00 HS 1221
Quantum Memory Enhanced Velocimetry — ∙Yagiz Murat1, Arash
Ahmadi1, Mustafa Gündoğan1, and Markus Krtutzik1,2 — 1Humboldt
Universität zu Berlin, Institut für Physik — 2The Ferdinand-Braun-Institut,
Leibniz-Institut für Höchstfrequenztechnik
Optical interferometry is crucial in motion sensing. Recent progress has uti-
lized electromagnetically induced transparency (EIT) to measure the velocity of
amovingmedium, leveraging Fizeau’s light-dragging effect. This novel approach
opens new possibilities for quantum optical methods in velocimetry, Our work
is centered around EIT-based quantum memories. Light storage is realized by
tuning a probe and a control field to the Zeeman-split levels of the D1 transition
line of cesium atoms (F = 4 → F = 3). By monitoring the phase difference of
the beating signal of the probe field with a reference field, before and after storage
of the probe field, displacement of the cesium vapor cell can be measured down
to the nanometer scale. This work contributes to the frontiers of quantum optics
and motion sensing, promising advancements in precision measurements. This
work has been funded by the Deutsche Forschungsgemeinschaft (DFG, German
Research Foundation) under grant number 448245255.

Q 11.6 Mon 18:15 HS 1221
Suppression of scattered light through tunable coherence in Sagnac-Speed-
Meters — ∙Leonie Eggers, Daniel Voigt, and Oliver Gerberding — Uni-
versität Hamburg, Institut für Experimentalphysik, Germany

As scattered light noise is a dominating limitation for the sensitivity of gravi-
tational wave detectors, we investigate the use of tunable coherence as a new
concept to suppress scattered light.

Tunable coherence is realised by phase modulation following a pseudo-
random sequence, which artificially shortens the coherence length of stable
continuous wave lasers to the centimeter scale. While Sagnac-Speed-Meter
topologies provide a potential alternative for the currently used Michelson-
interferometers for future gravitational wave detectors, they suffer from the same
limitations through scattered light, as well as the effect of light backscattering
from themirrors and coupling into the counter-propagating beam. We are inves-
tigating the use of tunable coherence in Sagnac-Speed-Meters to suppress scat-
tered light through simulations and a tabletop experiment. We are presenting
our recent findings on using tunable coherence in Sagnac-Speed-Meters.

Q 11.7 Mon 18:30 HS 1221
Investigating a Tensegrity structure as a possiblemulti DoF inertial sensor—
∙Ben Becker, Oliver Gerberding, and Artem Basalaev— IExP, Hamburg,
Germany
One of the continued challenges for gravitational wave detectors is the advance-
ment of inertial sensors to improve the active isolation of the mirrors. Towards
that end we are investigating tensegrity structures as a possible multi degree
of freedom inertial sensor. Tensegrity structures are disconnected multi body
structures held together by tensioned wires. They offer the option of tuning their
mechanical properties by changing themoment of inertial as well as the wire ten-
sion. We’ve simulated a model tensegrity using Ansys multibody dynamics and
analyzed its mechanical response to excitation. We compare the direct simula-
tion result with the results of a simulated readout scheme. This readout scheme
will be realized on a real tensegrity model for further comparison. We’ve ob-
served and fitted the transfer functions of the system to get a more thorough
understanding with regards to its invertibility and thermal noise. The tensegrity
shows distinct transfer functionwith regimes of linear response formost relevant
degrees of freedom. Therefore it should indeed be viable as an inertial sensor.

Q 11.8 Mon 18:45 HS 1221
Full spatio-temporal description of Non-linear interference based on cas-
caded Spontaneous Parametric Down-Conversion. — ∙Carlos Sevilla1,2,
Purujit Chauhan1,2, and Fabian Steinlechner1,2 — 1Fraunhofer Institute
for Applied Optics and Precision Engineering IOF, Albert-Einstein-Str. 7, 07745
Jena, Germany — 2Abbe Center of Photonics, Friedrich-Schiller-University
Jena, Albert-Einstein-Str. 6, 07745 Jena, Germany
Non-linear interferometers are a powerful tool for quantum state engineering
and applications in quantum sensing with enhanced phase sensitivity [1]. The
typical configuration uses a cascade of non-linear processes such as spontaneous
parametric down-conversion (SPDC) combined with spatial or spectral disper-
sion. This architecture has been widely used, but only few studies have addressed
the complete spatiotemporal correlations of the output state of a nonlinear in-
terferometer. Here we extend our results on the spatiotemporal description of
SPDC based on the spectral dependence of Laguerre-Gauss modes [2] to the
output spatio-temporal state of nonlinear interferometers. For this, we take into
consideration realistic parameters such as phase difference between the three
fields, the optical system which might induce spatial transformation, and polar-
ization rotations inside then nonlinear interferometer. Furthermore, we show
experimental results validating our predictions. References:[1] Bernard Yurke et
al. Phys. Rev. A 33, 4033 (1986). [2] A. Ferreri et al. Quantum 5,461 (2021).
[3] C. Sevilla-Gutiérrez, et.al. Spectral Properties of Transverse Laguerre-Gauss
Modes in Parametric Down-Conversion. arXiv:2209.01913

Q 12: Quantum Communication II
Time: Monday 17:00–19:00 Location: HS 3118

Q 12.1 Mon 17:00 HS 3118
Ensemble based quantum protocol for ultra save quantummoney— ∙Bernd
Bauerhenne1, Malwin Xibraku1, Boris Naydenov2, Cyril Popov1, Mar-
tinGarcia1, and Kilian Singer1 — 1Universität Kassel, Heinrich-Plett Straße
40, 34132 Kassel — 2Helmholtz-Zentrum Berlin
We present a ensemble based quantum token protocol [1,2] that can detect coun-
terfeiting by analysing the measurement noise. A quantum token consists now
of identical qubits. Each quantum token is prepared by a bank by writing all
qubits into the same state. The angles are kept secret. Multiple ensemble-based
quantum tokens will have different secret states. During verification, the bank
measures the qubits of the quantum token with the secret angles and if more
than a given critical number of qubits are projected into the ground state, the
quantum token is accepted. If from the set of quantum tokens more than a given

number of quantum token is accepted, the whole set is accepted. We discuss
how big the probability is that the bank accepts the counterfeit tokens. We show
how resources must be scaled such that the probability that the bank accepts a
counterfeit token set becomes arbitrary small.
[1] https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/
diqtok
[2] K. Singer, C. Popov, B. Naydenov, Verfahren zum Erstellen eines Quanten-
Datentokens (DE 10 2022 107 528 A1) DE-Patent (2023)

Q 12.2 Mon 17:15 HS 3118
Robust Preparation of Ensemble-based Quantum Tokens with Trapped Ions
— ∙Manika Bhardwaj, Jan Thieme, Bernd Bauerhenne, Moritz Göb, Bo
Deng, and Kilian Singer — Institut für Physik, Universität Kassel, Heinrich-
Plett-Straße 40, 34132 Kassel, Germany

144



Quantum Optics and Photonics Division (Q) Monday

Quantum tokens are an important building block for securing identification de-
vices. Previous implementations were based on the quantum no-cloning theo-
rem. Here we present a novel quantum token protocol [1] and its implementa-
tion with an ensemble of trapped ions. Due to long coherence times and single-
shot readout, trapped ions are well-suited for implementing a robust quan-
tum token protocol. We aim to implement the quantum token protocol on the
42S1/2 − 32D5/2 transition of 40Ca+ ions. Uniform preparation of the entire en-
semble of trapped ions is crucial for the protocol because errors directly influence
the security of the quantum token protocol. We will present adapted composite
pulses [2, 3] that address different resonance frequencies and are robust against
intensity-based pulse area errors of the individual ions. [1] K. Singer, C. Popov,
and B. Naydenov, Verfahren zum Erstellen eines Quanten-Datentokens (DE 10
2022 107 528 A1) DE-Patent (2023). [2] B. T. Torosov, S. S. Ivanov, and N. V. Vi-
tanov, Narrowband and passband composite pulses for variable rotations, Phys.
Rev. A 102, 013105 (2020). [3] G. T. Genov, M. Hain, N. V. Vitanov, and T.
Halfmann, Universal composite pulses for efficient population inversion with an
arbitrary excitation profile, Phys. Rev. A 101, 013827 (2020).

Q 12.3 Mon 17:30 HS 3118
A Photonic-Integrated Quantum-Random Number Generator — ∙Ömer
Bayraktar1,2, Jonas Pudelko1,2, Christoph Pacher3, Winfried
Boxleitner3, and Christoph Marquardt1,2 — 1Friedrich-Alexander-
Universität Erlangen-Nürnberg, Erlangen, Germany — 2Max Planck Insitute
for the Science of Light, Erlangen, Germany — 3AIT Austrian Institute of Tech-
nology GmbH, Center for Digital Safety & Security, Vienna, Austria
A quantum-random number generator (QRNG) is a key componenent for
quantum-key distribution systems. In addition, compared to conventional true-
randomnumber generators, it offers advantages in generation rate andmodelling
of the entropy source.

We present an experimental QRNG based on balanced homodyne detection
of the quantum-optical vacuum state. This QRNG can also be operated under
the restrictive requirements of a CubeSat.

The optical part of the QRNG is monolithically integrated on an Indium-
Phosphide photonic-integrated circuit and is placed on a 10x10 cm2 printed-
circuit board accomodating necessary electronics. We show first conclusive re-
sults obtained with this system and discuss its operation in space.

Q 12.4 Mon 17:45 HS 3118
Tailored composite pulses for NV-colour centres towards the realization of
ensemble based quantum tokens — ∙Jan Thieme, Josselin Bernardoff,
Ricky-Joe Plate, Bernd Bauerhenne, and Kilian Singer—Universität Kas-
sel, Kassel, Germany
We present numerical and experimental results of the application of tailored
composite pulses [1] to robustly address ensembles of nitrogen-vacancy colour
centres used in a novel protocol for quantum tokens [2,3]. By using analytical
methods applied to the Rosen-Zener excitation model [4], we derive excitation
profiles for a broadband excitation profile with respect to detuning and pulse du-
ration to compensate for experimental deviations of resonance frequencies and
pulse area in the quantum token. Towards this goal we are using an arbitrary
waveform generator to supply these pulses to single nitrogen-vacancy colour
centres [5]. In the outlook we will describe how this scheme can be improved to
suppress sensitivity to technical limitations [6].

[1] B. T. Torosov and N. V. Vitanov, Phys. Rev. A 83, 053420 (2011). [2]
https://www.forschung-it-sicherheit-kommunikationssysteme.de/projekte/diqtok
[3] K. Singer, C. Popov, B. Naydenov, Verfahren zum Erstellen eines Quanten-
Datentokens (DE 10 2022 107 528 A1) DE-Patent (2023) [4] N. Rosen and C.
Zener, Phys. Rev. 40, 502 (1932). [5] A. Schmidt, J. Bernardoff, K. Singer, J.
P. Reithmaier and C. Popov, Physica Status Solidi A, 216, 1900233 (2019). [6]
G. T. Genov, M. Hain, N. V. Vitanov, and T. Halfmann, Phys. Rev. A, 101,
013827(2020).

Q 12.5 Mon 18:00 HS 3118
Nonlinear Quantum Photonics with a Tin-Vacancy Center Coupled to a Di-
amond Waveguide — Matteo Pasini, Nina Codreanu, ∙Tim Turan, Adria
Riera Moral, Christian F. Primavera, Lorenzo De Santis, Hans K. C.
Beukers, JuliaM. Brevoord, ChristopherWaas, Johannes Borregaard,
and RonaldHanson—QuTech and Kavli Institute of Nanoscience, Delft Uni-
versity of Technology, PO Box 5046, 2600 GA Delft, The Netherlands
Color-centers integrated with nanophotonic devices have emerged as a com-
pelling platform for quantum science and technology. Here we integrate tin-
vacancy centers in a fiber-coupled diamond waveguide and investigate the inter-
action with light at the single-photon level. We observe single-emitter-induced
extinction of the transmitted light up to 25% and measure the nonlinear effect
on the photon statistics.

With this system, we demonstrate fully tunable interference between the re-
flected single-photon field and laser light back-scattered at the fiber end. The re-
flected field shows a corresponding change between bunched and anti-bunched
photon statistics. Furthermore, we comment on progress towards using tin-
vacancy centers in diamond waveguides as efficient quantum network nodes.

Q 12.6 Mon 18:15 HS 3118
Microwave control of the Tin-Vacancy center using magnetic field alignment
— ∙Jeremias Resch1, Ioannis Karapatzakis1, Marcel Schrodin1, Luis
Kussi1, Philipp Fuchs2, Michael Kieschnick3, Jan Meijer3, Christoph
Becher2, WolfgangWernsdorfer1, and DavidHunger1 — 1Karlsruher In-
stitut für Technologie, DE — 2Universität des Saarlandes, DE — 3Universität
Leipzig, DE
Scalable quantum information processing requires spectrally stable interfaces
between photons and solid-state qubits. Group-IV color centers exhibit an in-
version symmetry protecting them from surface charge noise. By an optimized
spectroscopy method, we identify hour-long charge-state and spectrally stable
SnV centers with Fourier-limited optical linewidth using resonant excitation. To
control the electron spin with high fidelity, the use of microwave fields is re-
quired. However, the magnetic transitions are heavily suppressed in unstrained
emitters. This limitation can be circumvented by using naturally strained [1]
or strain-engineered [2] SnV centers. Alternatively, a precise alignment of the
DCmagnetic field orientation allows for manipulation of the electron spin using
microwave fields even at lower strain values. Hence, we implement a 3D vector
magnet in a confocal microscope setup at mK temperatures. By aligning the DC
magnetic field with respect to the SnV symmetry axis, we determine the angle
dependent splitting of the electron spin ground and excited state and show the
full fit to the SnV electron spin Hamiltonian. [1] Rosenthal et al., Phys. Rev. X
13, 031022 (2023) [2] Guo et al., arXiv:2307.11916v2 (2023)

Q 12.7 Mon 18:30 HS 3118
Coherent control of the Tin-Vacancy center with superconducting waveg-
uides at mK temperatures — ∙Ioannis Karapatzakis1, Jeremias Resch1,
Marcel Schrodin1, Luis Kussi1, Philipp Fuchs2, Michael Kieschnick3,
Jan Meijer3, Christoph Becher2, David Hunger1, and Wolfgang
Wernsdorfer1 — 1Karlsruher Institut für Technologie, DE— 2Universität des
Saarlandes, DE — 3Universität Leipzig, DE
Robust quantum networks require an interface between photons and long-lived
spin degrees of freedom. Due to its strong spin-orbit splitting, the Tin-Vacancy
center possesses long electron spin lifetimes around 1K. For high fidelity con-
trol, the use of microwave fields is required. However, the magnetic transitions
are heavily suppressed in unstrained emitters. This limitation can be overcome
by inducing strain and precisely aligning the DC magnetic field orientation. Re-
cent work has shown themanipulation of the electron spin using aluminumwire
bonds [1] and on-chip gold waveguides [2]. Both methods suffer from Ohmic
losses in the microwave line, restricting coherence through heat induction. To
overcome this challenge, we fabricate a superconducting coplanar waveguide
made from Niobium on a diamond membrane through all-optical lithography.
We induce strain in the diamond by using a polymer with a high coefficient of
thermal expansion for fixation. We demonstrate coherent manipulation of the
electron spin and evaluate the decoherence properties for differentmagnetic field
orientations at mK temperature. [1] Rosenthal et al., Phys. Rev. X 13, 031022
(2023) [2] Guo et al., arXiv:2307.11916v2 (2023)

Q 12.8 Mon 18:45 HS 3118
Addressing single nuclear spins at telecommunication wavelength —
AlexanderUlanowski1, ∙AdrianHolzäpfel2, OlivierKuijpers2, and An-
dreas Reiserer1,2 — 1Max-Planck-Institut für Quantenoptik, 85748 Garching,
Germany— 2TUMünchen andMunich Center for Quantum Science and Tech-
nology, 85748 Garching, Germany
Single emitters in solids are a particularly promising building block for large-
scale quantum networks because their integration in micro- and nanodevices
offers great potential for scalability. Previously, our group has demonstrated
the coherent manipulation and efficient optical interfacing of individual erbium
emitters in a micrometer-thin yttrium orthosilicate membrane by integrating it
into a high finesse Fabry-Perot resonator [1]. In recent devices, we achieve a
Purcell enhancement of their optical transition in the telecom C-band of up to
110. The coherence of our system could be greatly increased by encoding the
information stored onto long-lived nuclear spins. We investigate two different
approaches. First, we consider the superhyperfine interaction of a single erbium
electron spin with the nuclear spin of neighboring yttrium ions. In a second ap-
proach, we study the 7/2 nuclear spin of the isotope Er167, opening a promising
path to quantum repeater nodes with second-long coherence.

[1] A. Ulanowski, B. Merkel & A. Reiserer, Sci. Adv. 8, (2022).
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Q 13: Quantum Technologies
Time: Monday 17:00–19:00 Location: HS 3219

Q 13.1 Mon 17:00 HS 3219
Alternative approach to quantum pulse gates — ∙Ankita Khanda, Laura
Serino, Michael Stefszky, Benjamin Brecht, and Christine Silberhorn
— Integrated QuantumOptics, Institute for Photonic Quantum Systems, Pader-
born Univerisity, Warburger Str. 100, 33098 Paderborn, Germany
Deep space communications and time-of-flight LiDAR applications can utilize
ultrashort optical pulses for high bit rate and precision; however, successful im-
plementation of such systems is challenging and requires single- or few-photon
detection with very low mean photon numbers and high SNR. Noise rejection is
critical in free-space, where background light is present or detected photon count
is low. The most efficient method of noise elimination in the spectral-temporal
domain is coherent time-frequency filtering. A quantum pulse gate (QPG) is a
highly selective coherent temporal mode (TM) filter based on sum-frequency
generation in a periodically-poled lithium niobate (PPLN) waveguide capable of
single-photon level operation at telecom wavelengths without additional noise.
In this work, we investigate noise effects of frequency up-conversion in target TM
detection at telecom-only wavelengths in a PPLN QPG down to single-photon
level. The pump and signal photon location in the telecom-range with small
spectral separation allows for easy integration into the standard fiber-optic net-
works, but may give rise to additional noise channels. We will report progress
on the project, including first results.

Q 13.2 Mon 17:15 HS 3219
Maiman’s heritage, a thin disk cw singlemode Ruby laser for high pre-
cision metrology — ∙Walter Luhs1, Thomas Müller-Wirts2, Carsten
Reinhardt3, and Bernd Wellegehausen4 — 1Photonic Engineering Of-
fice, Herbert-Hellmann-Allee 57, 79189 Bad Krozingen, Germany — 2TEM
Messtechnik GmbH, Großer Hillen 38, 30559 Hannover, Germany —
3Hochschule Bremen, Neustadtswall 30, 28199 Bremen, Germany — 4Institut
für Quantenoptik, Leibniz Universität Hannover, Welfengarten 1, 30167 Han-
nover, Germany
Maiman’s three-level 694 nm Ruby laser is well known as a pulsed laser but is
considered to be difficult to operate as a cw system. This recently changed due to
successful cw operation pumped with 405 nm diode lasers, Ref. [1] and further
refs. therein. Here, we report on the first realization of a thin disk (microchip)
cw Ruby laser of only 0.5 mm crystal thickness, allowing highly stable single-
frequency operation without any further frequency selective element. Details of
the system will be presented, and applications for high-precision metrology will
be discussed.

[1] W. Luhs, B. Wellegehausen; Diode pumped compact single frequency cw
ruby laser, J. Physics Communications 7 (2023) 0055007

Q 13.3 Mon 17:30 HS 3219
Hybrid Fiber-Solid State Laser with 3D-Printed Intracavity Lenses— ∙Simon
Angstenberger, Pavel Ruchka, Mario Hentschel, Tobias Steinle, and
HaraldGiessen—4th Physics Institute and Stuttgart Research Center of Pho-
tonic Engineering, University of Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart,
Germany
Microscale 3D-printing has revolutionized micro-optical applications ranging
from endoscopy, imaging, to quantum technologies. In all these applications
miniaturization is key, and in combination with the nearly unlimited design
space it is opening novel avenues. Here, we push the limits of miniaturization
and durability by realizing the first fiber laser system with intra-cavity on-fiber
3D-printed optics. We demonstrate stable laser operation at over 20 mW out-
put power at 1063.4 nm with a full width half maximum (FWHM) bandwidth of
0.11 nm and a maximum output power of 37 mW. Furthermore, we investigate
the power stability and degradation of 3D-printed optics at Watt power levels.
The intriguing possibilities afforded by free-form microscale 3D-printed optics
allow us to combine gain in a solid-state crystal with fiber guidance in a hybrid
laser concept. Therefore, our novel ansatz enables the compact integration of
bulk active media in fiber platforms at substantial power levels.

Q 13.4 Mon 17:45 HS 3219
Ultra-low frequency noise diode-laser systems for quantum applications
— ∙Niklas Kolodzie1,2, Ivan Mirgorodskiy1, Kai Dietze2, Christian
Nölleke1, and Piet O. Schmidt2,3 — 1TOPTICA Photonics AG, Gräfelfing,
Germany — 2Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
— 3Institut für Quantenoptik, Leibniz Universität Hannover, Hannover, Ger-
many
Narrow-linewidth lasers are essential in many quantum applications which ex-
ploit ultra-cold atoms. Tasks like optical trapping or coherent qubitmanipulation
have high requirements on the laser frequency noise (FN). In many experiments
it is crucial to keep FN at a minimum level: slow FN is responsible for the long-
term stability, while fast FN ultimately limits the fidelity of qubit operations.

External-cavity diode lasers (ECDL) are the tool of choice for such applica-

tions due to their versatility and robustness: A wide range of atomic transitions
in the visible and infrared frequency ranges can be addressed. However, ECDLs
typically have a high level of FN due to relatively high cavity losses compared to
other laser concepts.

We demonstrate an ultra-low noise laser (ULNL) by applying weak optical
feedback from an additional external cavity to an ECDL. This method reduces
fast FN i.e. reducing the Lorentzian part of the linewidth. We investigate the
characteristics of the ULNL in detail: FN reduction with respect to different
feedback power-levels, mode-stability and frequency stabilization to an optical
reference. Finally, we integrate the ULNL into a calcium ion experiment and
compare the performance to a state-of-the-art laser.

Q 13.5 Mon 18:00 HS 3219
Performance Comparison of Polarization Compensation Devices on a
Deployed Inter City Fiber Link for Quantum Communication Applica-
tions — ∙Saili Naik1,2, Gregor Sauer1,2, Pritom Paul1,2, and Fabian
Steinlechner1,2 — 1Fraunhofer Institute for Applied Optics and Precision En-
gineering, Albert-Einstein-Str. 07, 07745 Jena, Germany — 2Friedrich Schiller
University, Institute of Applied Physics, Abbe Center of Photonics, Albert-
Einstein-Str. 15, 07745 Jena, Germany
Within a quantum network, different properties of photons can be used to trans-
mit quantum information. One such technique involves utilizing the polariza-
tion state of photons, due to ease of manipulation and detection. However, when
such qubits are transmitted over long optical fiber links, their polarization state
undergoes unpredictable changes caused by environmental factors. So, accurate
measurement of quantum correlations in the polarization basis necessitates fast
and precise compensation of these polarization drifts.

Several motorized polarization manipulation devices are available in the mar-
ket, distinguished by distinct operating principles. In this work, we examine a
range of performance parameters associated with these devices, including the
response linearity, hysteresis, and operation speed. We also run compensation
algorithms on these devices to assess their capacity for polarization compensa-
tion in low and high drift speed scenarios. This study aims to enhance our under-
standing of long-termbehavior of polarization-basedQKD systems in real-world
application environments.

Q 13.6 Mon 18:15 HS 3219
Development of micro-integrated optical systems for compact atom-
based quantum sensors — ∙Conrad Zimmermann, Marc Christ, Alisa
Ukhanova, and Markus Krutzik— Ferdinand-Braun-Institut (FBH), Berlin,
Germany
The miniaturization of atom-based quantum sensor experiments towards robust
and compact quantum sensor devices holds great potential to improve a variety
of applications, such as timekeeping, navigation and high-sensitivity field sens-
ing. Working on the physics packages, we develop and qualify necessary integra-
tion technologies to realizeminiaturized, ultra-stable optical systems to generate,
manipulate and detect atomic quantum gases. For further functionalization, ac-
tive optical components are investigated. We report on our technology toolbox
and the latest qualification efforts regarding the micro-integration of free-space
optical systems using adhesive bonding processes.

Towards higher grades of system integration, one approach is to integrate op-
tical subsystems within the ultra-high vacuum (UHV) system, requiring ultra-
low outgassing properties of all bonds and components. Furthermore, additive
manufacturing of ceramics and metals is utilized, e.g. to realize compact and
functionalized vacuum systems.

This work is supported by the German Space Agency (DLR) with funds
provided by the Federal Ministry for Economic Affairs and Climate Action
(BMWK) due to an enactment of the German Bundestag under grant numbers
DLR50WM1949, 50RK1978, 50WM2070 and 50WM2268.

Q 13.7 Mon 18:30 HS 3219
Investigation of diffraction gratings and additively manufactured vacuum
components for miniaturized atomic physics packages— ∙AlisaUkhanova,
Marc Christ, Conrad Zimmermann, Jörg Fricke, Olaf Brox, Robert
Smol, Daniel Bandke, Jenichi Clairvaux Felizco, Andrea Knigge, and
Markus Krutzik — Ferdinand-Braun-Institut (FBH), Leibniz-Institut für
Höchstfrequenztechnik, Berlin
Atom-based quantum devices allow precise timekeeping and field sensing. The
application of these sensors beyond the laboratory environment requires im-
provements of size, stability and user-friendliness. Here, we are developing
a technology toolbox towards miniaturized cm-scale physics package. In this
presentation we show results of the optical qualification of diffraction gratings
for GMOTs with varying periods, duty cycles and coatings. Furthermore, 3D-
printed ceramic and aluminum components for vacuum applications are inves-
tigated and a next generation compact physics package envisioned.
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This work is supported by FBH and partially supported by the German Space
Agency (DLR) with funds provided by the FederalMinistry for Economic Affairs
andClimate Action (BMWK) due to an enactment of the German Bundestag un-
der grant number 50WM1949 and 50WM2070.

Q 13.8 Mon 18:45 HS 3219
Industrially fabricated ion trap chips for double-well coupling experiments
— ∙Michael D.J. Pfeifer1,2, Simon Schey1,3, Matthias Dietl1,2, Fabian
Anmasser1,2, Jakob Wahl1,2, Marco Valentini2, Martin van Mourik2,
ThomasMonz2, Fabian Laurent1, Clemens Rössler1, YvesColombe1, and
Philipp Schindler2 — 1Infineon Technologies Austria AG, Villach, Austria —
2University of Innsbruck, Innsbruck, Austria — 3Stockholm University, Stock-
holm, Sweden

We present surface ion trap chips, industrially fabricated at Infineon Technolo-
gies [1,2], that are capable of trapping ions in two separate rf potential wells. The
chips are designed for investigating rf shuttling in the large separation and in the
coupling regimes as element of a scalable architecture [1]. The design parame-
ters of a surface ion trap in the rf coupling regime with optimal ion height and
ion-ion distance are investigated.

The ion traps are fabricated on the dielectric substrates Fused Silica and Sap-
phire. The status of the microfabrication on these materials is discussed, with a
focus on optical and electric properties, as well as on wafer bow.

[1] Ph. Holz, S. Auchter et al., Adv. Quantum Technol. 3, 2000031 (2020)
[2] S. Auchter, C. Axline et al., Quantum Sci. Technol. 7, 035015 (2022)

Q 14: Precision Spectroscopy of Atoms and Ions I (joint session A/Q)
Time: Tuesday 11:00–13:00 Location: HS 1098
See A 11 for details of this session.

Q 15: Optomechanics
Time: Tuesday 11:00–13:00 Location: HS 1015

Invited Talk Q 15.1 Tue 11:00 HS 1015
Levitated nanoparticles as testbeds for fundamental aspects of physics —
∙Julen S. Pedernales—University of Ulm, Ulm, Germany
Quantum mechanics has been enormously successful at describing the micro-
scopic world, however, at scales that exceed the mass of a few thousand atoms,
it remains largely unexplored. Recent progress in the quantum control of the
mechanical degrees of freedom of solids suspended in a vacuum suggests that
this situation might be changing in the near to mid-term future. Containing
billions of atoms, levitated nanoparticles might be able to perform quantum ex-
periments in an unprecedented mass regime, and thus, interrogate Nature about
fundamental aspects of physics for which we do not have an answer: does the
linearity of quantum mechanics hold at macroscopic scales? or, how does the
gravitational field of a source in superposition look like?

In my talk, I will examine the opportunities and challenges that this nascent
quantum platform presents to address these fascinating questions. First, I will
present a collection of proposed techniques to extend the coherence times and
shorten the duration of experiments aimed at realizing matter-wave interferom-
etry with levitated solids. Secondly, I will discuss the prospects of observing
gravitationally mediated entanglement between levitated solids–a route to ex-
plore the quantumness of gravity. Finally, I will introduce an alternative strategy
for the detection of the quantumness of gravity which does not rely on the gen-
eration of entanglement.

Q 15.2 Tue 11:30 HS 1015
Levitated optomechanics in microgravity — ∙Govindarajan Prakash1,
Sven Herrmann1, Claus Lämmerzahl1, and Christian Vogt2 — 1ZARM
(Zentrum für Angewandte Raumfahrttechnologie und Mikrogravitation), Uni-
versität Bremen— 2BIAS (Bremer Institut für angewandte StrahltechnikGmbH)
Optomechanical levitation of nanoparticles provides a promising platform to
perform tests with macroscopic particles on the interface between quantum and
classical regimes. Schemes of such tests involve optical trapping, feedback cool-
ing, and release and retrapping of nanoparticles. Here, we present how this al-
lows us to perform force sensing of the order of attonewtons in microgravity
conditions at the drop towers of ZARM in Bremen using silica nanoparticles.
We present our progress thus far where we discuss first results from micrograv-
ity and hypergravity conditions.

Q 15.3 Tue 11:45 HS 1015
The First Levitated Optomechanics Experiment in Space — Jack Homans1,
Govindarajan Prakash2, Chris Bridges3, Peter Nisbet-Jones4, Elliot
Simcox1, Simeon Modre1, Tiberius Georgescu1, ∙Christian Vogt2,5, and
Hendrik Ulbricht1 — 1School of Physics and Astronomy, University of
Southampton, Southampton SO17 1BJ, UK— 2ZARM, Center of Applied Space
Technology and Microgravity, Uni Bremen — 3Surrey Space Centre, OBDH
Group, University of Surrey, Guildford, U.K. — 4Twin Paradox Labs, London,
U.K. — 5BIAS, Institute of Applied Beam Technology, Bremen, Germany
Optically levitated nanospheres hold great promises for investigations of quan-
tum behavior of large masses. In order to observe these, the particles must be
isolated from sources of decoherence e.g. collisions with gas molecules or pho-
tons. The latter can hardly be suppressed in optical traps. One way to circumvent
this problem is to switch off the trap and allow for a free evolution of the particles’
wave packet as it can be done in space. A first demonstrator for this technology

will be launched by the end of 2024 with the reentry capsule Nyx, by the com-
pany TEC. This talk we will focus on our payload design, the given boundary
conditions and our mission goals.

Q 15.4 Tue 12:00 HS 1015
Testing Spontaneous CollapseModels with LevitatedNaphthalene— ∙Marit
O. E. Steiner, Julen S. Pedernales, andMartinB. Plenio—Institute ofThe-
oretical Physics, Ulm University
Spontaneous collapse models aim to address the quantum-to-classical transition
and the measurement problem through non-linear, stochastic modifications of
the Schrödinger equation. A promising route to test the existence of these mod-
ifications is through matter-wave interference experiments of increasing mass
and coherence length. In particular, the nascent field of levitated optomechan-
ics, promises the ability to perform matter-wave interference at unprecedented
scales.

In my presentation, I will advocate for an unconventional material in levi-
tated optomechanics: pentacene-doped naphthalene. Leveraging photo-excited
triplet states in pentacene, it is possible to achieve remarkable nuclear spin hy-
perpolarization, up to 80% polarization rates with relaxation times of T1=800
hours. These properties make it an ideal candidate for matter-wave interferom-
etry. Stronger spin-dependent forces allow shorter interference times, reducing
susceptibility to various noise sources. Additionally, the homogeneous spin dis-
tribution mitigates unwanted rotations in nanoparticles, an expected challenge
in experiments with fewer spins.

I will introduce a novel experimental protocol leveraging these properties,
as well as discuss the intricacies of the protocol and showcase its ability to im-
pose bounds on the free parameters of the Continuous Spontaneous Localization
model compared to existing methodologies.

Q 15.5 Tue 12:15 HS 1015
Classical phase-space model for gravity-mediated entanglement — ∙Marta
Maria Marchese, Martin Plávala, Matthias Kleinmann, and Stefan
Nimmrichter—Universität Siegen, Siegen, Germany
Whether gravity is fundamentally quantum or not is still a debated question.
On one side, there are several well-established quantum-gravity theories, on the
other, there are semi-classical descriptions that treat the gravity field as a classi-
calmeasurement-feedback channel. The lack of experimental evidence leaves the
problem still unresolved, but experiments with massive levitated particles have
been proposed: witnessing entanglement generated by the gravitational interac-
tion between two masses in a matter-wave interferometer is claimed to probe
the quantum nature of the gravitational field. Here, we argue that such a scheme
is not sufficient to rule out all possible classical descriptions of gravity. Indeed,
one can achieve the same entanglement built up through a classical evolution of
the Wigner function of the two gravitationally interacting masses, making use
of a second-order approximation of the Newtonian potential. This suggests that
alternative experimental schemes be developed to test the quantum nature of
gravity.
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Q 15.6 Tue 12:30 HS 1015
Dynamics of diamagnetically levitated superconducting ellipsoids — ∙Fynn
Köller1, KlausHornberger1, and Benjamin A. Stickler2 — 1University of
Duisburg-Essen, Faculty of Physics, Lotharstraße 1, 47058 Duisburg, Germany
— 2Ulm University, Institute for Complex Quantum Systems, Albert-Einstein-
Allee 11, 89069 Ulm, Germany
Superconducting bodies can be diamagnetically levitated in magnetic
quadrupole traps, where their dynamics are governed by the internal mag-
netization induced by the trapping field. We derive an analytical expression
for the magnetization in ellipsoids, which is fully characterized by the induced
dipole and quadrupole moments. These moments give rise to diamagnetic
forces and torques as well as spin-rotation coupling due to the Einstein-de
Haas and Barnett effects, enabling full three-dimensional alignment in the trap
centre. We study the resulting dynamics and show that signatures of strong
spin-rotational coupling will become observable in upcoming experiments with
levitated micron-sized superconductors.

Q 15.7 Tue 12:45 HS 1015
Decoherence of dielectric rotors by thermal emission — ∙Jonas Schäfer1,
BenjaminA. Stickler2, and KlausHornberger1 — 1Faculty of Physics, Uni-
versity of Duisburg-Essen — 2Institute for Complex Quantum Systems, Ulm
University

Levitated nanoparticles can be used for sensing applications and fundamental
tests of quantum theory [1,2]. The center-of-mass motion has already been
driven into the quantum ground state [1], while the full rotation dynamics are
expected to enter the quantum regime soon [2,3,4,5]. This talk presents the mas-
ter equation quantifying the impact of thermal emission on the ro-translational
quantum state of an arbitrarily sized dielectric rigid rotor. It involves only the
bulk permittivity, geometry, and temperature of the particle, and it accounts for
internal photon scattering to all orders. We find the orientation state to decohere
even for spheres in the point-particle limit, which can be understood a conse-
quence of the vector character of the thermally driven polarization currents.

[1] Gonzalez-Ballestero, Aspelmeyer, Novotny, Quidant, and Romero-Isart,
Science 374, eabg3027 (2021)

[2] Stickler, Hornberger, and Kim, Nat. Rev. Phys. 3, 589-597 (2021)
[3] Schäfer, Rudolph, Hornberger, and Stickler, PRL 126, 163603 (2021)
[4] Pontin, Fu, Toroš, Monteiro, and Barker, Nat. Phys. 19, 1003-1008 (2023)
[5] Kamba, Shimizu, and Aikawa, arXiv:2303.02831 (2023)

Q 16: Bosonic Quantum Gases III (joint session Q/A)
Time: Tuesday 11:00–13:00 Location: Aula

Q 16.1 Tue 11:00 Aula
Sub-unity superfluid fraction of a supersolid from self-induced Josephson ef-
fect — ∙Nicolò Antolini1,2, Giulio Biagioni2,3, Beatrice Donelli1,2,4,5,
Luca Pezzè1,2,4, Augusto Smerzi1,2,4, Marco Fattori1,2,3, Andrea
Fioretti2, Carlo Gabbanini2, Massimo Inguscio1,6, Luca Tanzi1,2, and
Giovanni Modugno1,2,3 — 1LENS, University of Florence — 2CNR-INO —
3Department of Physics and Astronomy, University of Florence — 4QSTAR —
5Università degli Studi di Napoli — 6Università Campus Bio-Medico di Roma
Many quantum materials in various systems feature a spatially modulated
macroscopic wavefunction resulting from spontaneous breaking of gauge and
translational symmetries. Their connection with supersolids has only been
traced in a few cases since a universal property able to quantify the differences
between supersolids, superfluids/superconductors, and crystals has not been es-
tablished. A key property is the superfluid fraction, measuring the reduction
in superfluid stiffness due to spatial modulations, leading to the non-standard
superfluid dynamics of supersolids. We employ the Josephson effect to locally
measure the superfluid fraction in a supersolid. Even without a physical barrier,
the Josephson effect arises spontaneously in a supersolid, and single lattice cells
act as self-induced Josephson junctions. We studied a cold-atom dipolar super-
solid, revealing a significant sub-unity superfluid fraction. Our results point to
new research directions, like the study of partially quantized vortices and su-
percurrents, and have an impact on the understanding of other supersolid-like
systems.

Q 16.2 Tue 11:15 Aula
Supersolidity in a driven quantum gas — ∙Nikolas Liebster1, Marius
Sparn1, Elinor Kath1, Keisuke Fujii2, Sarah Görlitz2, Tilman Enss2,
Helmut Strobel1, and Markus Oberthaler1 — 1Kirchhoff-Institut für
Physik, Universität Heidelberg, Im Neuenheimer Feld 227, 69120 Heidel-
berg, Germany — 2Institut für Theoretische Physik, Universität Heidelberg,
Philosophenweg 19, 69120 Heidelberg, Germany
Driven systems are of fundamental scientific interest, as they can display prop-
erties that are radically different from similar systems at equilibrium. However,
systems out of equilibrium are difficult to describe theoretically, as they are in-
herently time-dependent and deeply nonlinear. This makes the study of such
systems an ideal task for quantum field simulators, in which complex dynamics
emerge naturally and can be probed experimentally. Here, we demonstrate the
emergence of supersolidity in a driven, two-dimensional superfluid, that only
has contact interactions. The self-stabilized system is characterized by simulta-
neously broken translational and U(1) gauge symmetry, and emerges as a result
of large occupations of phononic modes due to driving. We characterize the
state by observing collective modes of the lattice as well as lattice phonon propa-
gation. We also show that the system maintains phase rigidity, a key property of
superfluidity. This work introduces a novel type of supersolid that is readily ex-
perimentally accessible, and establishes a conceptual framework for describing
elementary excitations of driven systems.

Q 16.3 Tue 11:30 Aula
Strong-coupling expansion for disordered Bose-Hubbard model — ∙Renan
da Silva Souza1, Axel Pelster2, and Francisco Ednilson Alves dos
Santos3 — 1Goethe-Universität, Institut für Theoretische Physik, Frankfurt
am Main, Germany — 2Physics Department and Research Center OPTIMAS,
RPTU Kaiserslautern-Landau, Germany — 3Departamento de Física, Universi-
dade Federal de São Carlos, Brazil
We identified the different ground states corresponding to the disordered Bose-
Hubbard model at zero and finite temperatures and for small tunneling ener-
gies. Employing a field-theoretical approach, we constructed a strong-coupling
expansion. By utilizing the Poincaré-Lindstedt method, we calculated a renor-
malized expression for the local density of states, providing clear differentiation
between the Mott-insulator and Bose-glass phases. Applying a resummation
technique, we computed the expression for the disorder ensemble average of
the spectral function. Its analysis shows that disorder leads to an increase in
the effective mass of both quasi-particle and -hole excitations of the Mott phase.
And it yields the emergence of damped states, which exponentially decay dur-
ing propagation in space and dominate the whole band when disorder becomes
comparable to interactions. We argue that such damped-localized states corre-
spond to single-particle excitations of the Bose-glass phase. Our results for the
phase boundary compare well against stochastic and local mean-field numerical
predictions.

[1] New J. Phys. 23, 083007 (2021) and 25, 063015 (2023)

Q 16.4 Tue 11:45 Aula
Dynamical analysis of the chaotic phase in the Bose-Hubbard model — Ós-
car Dueñas Sánchez1 and ∙Alberto Rodríguez1,2 — 1Departamento de
Física Fundamental, Universidad de Salamanca, E-37008 Salamanca, Spain —
2Instituto Universitario de Física Fundamental y Matemáticas (IUFFyM), Uni-
versidad de Salamanca, E-37008 Salamanca, Spain
We study the dynamical manifestation of the Bose-Hubbard model’s chaotic
phase [1] by analysing the temporal behaviour of connected two-point density
correlations on experimentally accessible time scales up to a few hundred tunnel-
ing times. The exact time evolution of initial states with unit density reveals that
the chaotic phase can be unambiguously identified from the ‘early’ time fluctu-
ations of the considered observable around its equilibrium value [2]. The emer-
gence of the chaotic phase is also seen to leave an imprint in the initial growth
of the time signals. Specifically, the short time evolution in systems with L ≳ 40
is scrutinized to investigate the potentially diffusive spreading of density corre-
lations within the chaotic phase.
[1] L. Pausch et al., Phys. Rev. Lett. 126, 150601 (2021)
[2] D. Peña Murillo, MSc Thesis, Universidad de Salamanca (2022)

Q 16.5 Tue 12:00 Aula
Emergence of fluctuating hydrodynamics in chaotic quantum systems —
∙Julian Wienand1,2,3, Simon Karch1,2,3, Alexander Impertro1,2,3, Chris-
tian Schweizer1,2,3, Ewan McCulloch4, Romain Vasseur4, Sarang
Gopalakrishnan5, Monika Aidelsburger1,2,3, and Immanuel Bloch1,2,3

— 1Fakultät für Physik, Ludwig-Maximilians-Universität, 80799 Munich, Ger-
many — 2Max-Planck-Institut für Quantenoptik, 85748 Garching, Germany
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— 3Munich Center for Quantum Science and Technology (MCQST), 80799
Munich, Germany — 4Department of Physics, University of Massachusetts,
Amherst, MA 01003, USA — 5Department of Electrical and Computer Engi-
neering, Princeton University, Princeton, NJ 08544, USA
A fundamental principle of chaotic quantum dynamics is that local subsystems
eventually approach a thermal equilibrium state. Large subsystems thermalise
slower: their approach to equilibrium is limited by the hydrodynamic build-up
of fluctuations on extended length scales. We perform large-scale quantum sim-
ulations that monitor particle-number fluctuations in tunable ladders of hard-
core bosons and explore how the build-up of fluctuations changes as the sys-
tem crosses over from ballistic to chaotic dynamics. Our results indicate that
the growth of large-scale fluctuations in chaotic far-from-equilibrium systems is
even quantitatively determined by equilibrium transport coefficients, in agree-
ment with the predictions of fluctuating hydrodynamics. This emergent hydro-
dynamic behaviour of fluctuations provides a novel test of fluctuation-dissipation
relations far from equilibrium.

Q 16.6 Tue 12:15 Aula
Extremewave events and spacetime defects in a spinor Bose-Einstein conden-
sate — ∙Yannick Deller, Ido Siovitz, Alexander Schmutz, Felix Klein,
Helmut Strobel, Thomas Gasenzer, and Markus K. Oberthaler —
Kirchhoff-Institut für Physik, Ruprecht-Karls Universität Heidelberg, Deutsch-
land
Many-body systems far from equilibrium can exhibit self-similar dynamics char-
acterized by universal exponents. Numerical studies of a quenched ferromag-
netic spinor BEC have revealed the appearance of extreme wave events on the
way to the universal regime [1]. Furthermore, as a result of these caustics, real-
time instanton defects are generated, which take on the form of space-time vor-
tices in the transversal spin order parameter. However, the random appearance
of real-time instantons in space and time makes it experimentally challenging
to study these excitations in a controlled way. Thus we aim for deterministic
preparation of a single instanton event. We employ local spin-dependent phase
imprints, which lead to excitations in the transversal spin length. We probe their
time evolution and characterize their structure with spatially resolved detection
of all relevant spin observables.

[1] Siovitz et. al. , PRL 131, 183402 (2023)

Q 16.7 Tue 12:30 Aula
Entrainment of a continuous time crystal—Anton Bölian1, ∙Phatthamon
Kongkhambut1, Jim Skulte1, Ludwig Mathey1, Jayson G. Cosme3, Hans

Kessler2, and AndreasHemmerich1 — 1Zentrum für OptischeQuantentech-
nologien and Institut für Quantenphysik, Universität Hamburg, Germany. —
2Physikalisches Institut der Universität Bonn, Germany. — 3National Institute
of Physics, University of the Philippines, Diliman, Quezon City, Philippines.
Discrete and continuous time crystals are novel dynamical many-body states,
that are characterized by robust self-sustained oscillations, emerging via spon-
taneous breaking of discrete or continuous time translation symmetry. Here, we
demonstrate dynamical control of a continuous time crystal by driving it into
a discrete time crystalline state. This transition is related to subharmonic en-
trainment of classical limit cycles, which arises here on the level of many-body
quantum systems. Specifically, we prepare a continuous time crystal in a pumped
atom-cavity system oscillating at a frequency ωCTC and subsequently modulate
the continuous pump intensity with a frequency ωdr close to 2ωCTC. For suffi-
ciently large modulation strengths, the emission frequency switches from ωCTC
to ωCTC = ωdr/2, which demonstrates the phase transition to a discrete time
crystal.

Q 16.8 Tue 12:45 Aula
Effects of quantum depletion and gradient corrections on the critical atom
number of dipolar droplets — Milan Radonjić1,2, Axel Pelster3, and
∙Antun Balaž2 — 1I. Institute of Theoretical Physics, University of Hamburg,
Germany — 2Center for the Study of Complex Systems, Institute of Physics
Belgrade, University of Belgrade, Serbia — 3Physics Department and Research
Center OPTIMAS, Rheinland-Pfälzische Technische Universität Kaiserslautern-
Landau, Germany
The first experimental realization of quantum droplets in dipolar condensates
[1] has highlighted the importance of quantum fluctuations [2], which were later
shown to be themain source of system’s stability against the dipolar collapse. The
droplets were predicted and shown to be self-bound beyond the critical atom
number even without the trap. However, there is a systematic difference in theo-
retical estimates of the critical atom number and experimental results [3]. Here
we use an approach based on the extended Gross-Pitaevskii equation, which in-
cludes quantumdepletion and beyond-LDA gradient corrections, to numerically
and variationally study their effects on the critical atom number.
[1] H. Kadau et al., Nature 530, 194 (2016).
[2] A. R. P. Lima and A. Pelster, Phys. Rev. A 84, 041604(R) (2011);

Phys. Rev. A 86, 063609 (2012).
[3] F. Böttcher et al., Phys. Rev. Research 1, 033088 (2019).

Q 17: Quantum Information I
Time: Tuesday 11:00–13:00 Location: HS 1199

Q 17.1 Tue 11:00 HS 1199
Deciding Observability in Quantum Dynamics Made Easy — ∙Thomas
Schulte-Herbrüggen and Markus Wiener — Technical University of Mu-
nich (TUM)
In quantum engineering a fundamental question arises: given a controlled quan-
tum dynamical system, for which observables can measurements give full infor-
mation for system identification?

In finite-dimensional closed systems, a unified (Lie) frame of quantum sys-
tems theory settles this observability problem—as will be illustrated in paradig-
matic n-qubit systems. Implications and generalisations will be outlined as well.

Q 17.2 Tue 11:15 HS 1199
Towards exact factorization of quantum dynamics via Lie algebras— ∙David
Edward Bruschi1, André Xuereb2, and Robert Zeier3 — 1Institute for
Quantum Computing Analytics (PGI-12), Forschungszentrum Jülich, Jülich,
Germany — 2Department of Physics, University of Malta, Malta — 3Quantum
Control (PGI-8), Forschungszentrum Jülich, Jülich, Germany
Determining exactly the dynamics of a physical system is the paramount goal
of any branch of physics. Quantum dynamics are characterized by the non-
commutativity of operators, which implies that the dynamics usually cannot be
tackled analytically and requirecad-hoc solutions or numerical approaches. A
priori knowledge on the ability to obtain exact results would be of great advan-
tage for many tasks of modern interest, such as quantum computing, quantum
simulation and quantum annealing.

In this work we lay the foundations for an approach to determine the dimen-
sionality of a Hamiltonian Lie algebra by appropriately characterizing its gen-
erating terms. This requires us to develop a new tool to construct sequences of
operators that determine the final dimension of the algebra itself. Our work is
exact and fully general, therefore providing statements on the ultimate ability to
exactly control the dynamics or simulate specific classes of physical systems. This
work has important implications not only for theoretical physics, but it also aids
our understanding of the structure of the Hilbert space, as well as Lie algebras.

Q 17.3 Tue 11:30 HS 1199
Analytical quantum dynamics of coupled harmonic oscillators — ∙David
Edward Bruschi — Institute for Quantum Computing Analytics (PGI-12),
Forschungszentrum Jülich, Jülich, Germany
Harmonic oscillators are paramount systems in quantum physics. They are used
to model a variety of physical systems, among which the modes of the electro-
magnetic field are a preeminent example. Dynamics of coupled quantum har-
monic oscillators have been studied extensively, however, simple exact analytical
solutions to problems of key interest have so far been lacking.

We employ symplectic geometry and the covariance matrix formalism in the
context of quantum dynamics of coupled harmonic oscillators to provide the
analytical solution to a few problems of interest: the validity of the rotating
wave approximation for bosonic systems; exact solutions to (multimode and
multi-oscillator) quantum optomechanical systems; dynamics of two coupled
harmonic oscillators with single and two-mode squeezing. We conclude by com-
menting on current research and future direction.

Q 17.4 Tue 11:45 HS 1199
Indistinguishability of identical bosons from a quantum information the-
ory perspective—Matthias Englbrecht1,2, Tristan Kraft1,2, Christoph
Dittel3,4,5, Andreas Buchleitner3,4, ∙Géza Giedke6,7, and Barbara
Kraus1,2 — 1Institute for Theoretical Physics, University of Innsbruck, Inns-
bruck, Austria — 2Department of Physics, QAA, TU Munich, Garching,
Germany — 3Physikalisches Institut, Albert-Ludwigs-Universität Freiburg,
Freiburg, Germany — 4EUCOR Centre for Quantum Science and Quan-
tum Computing, Albert-Ludwigs-Universität Freiburg, Freiburg, Germany —
5Freiburg Institute for Advanced Studies, Albert-Ludwigs-Universität Freiburg,
Freiburg, Germany — 6Donostia International Physics Center, San Sebastián,
Spain — 7IKERBASQUE, Basque Foundation for Science, Bilbao, Spain
We present a general theory of indistinguishability of identical bosons in exper-
iments consisting of passive linear optics followed by particle number detection.
Our approach uses tools from quantum information theory and the results do
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neither rely on additional assumptions on the input state of the interferometer,
such as fixed mode occupation number, nor on the degrees of freedom that po-
tentially make the particles distinguishable. We identify the expectation value of
the projector onto theN-particle symmetric subspace as an operationally mean-
ingful measure of indistinguishability, and derive tight and efficiently measure-
able lower bounds. We present a definition of perfect distinguishability and char-
acterize the corresponding set of states.

Q 17.5 Tue 12:00 HS 1199
Fourier analysis of many-body transition amplitudes and states— ∙Gabriel
Dufour and Andreas Buchleitner — Physikalisches Institut der Albert-
Ludwigs-Universität Freiburg
The Fourier transform over a finite group is a generalisation of the ordinary dis-
crete Fourier transformwhich allows the analysis of a function’s behaviour under
non-abelian transformations of its domain. We apply the Fourier transform over
the symmetric group SN to the set of multiparticle transition amplitudes arising
from the permutations of N identical particles. For indistinguishable particles,
these amplitudes add up coherently, giving rise to many-particle interference.
The Fourier transform provides an analysis of the counting statistics at the out-
put of multiparticle and multimode interferometers in terms of contributions
from irreducible symmetry types. We apply this formalism to the interference of
partially distinguishable bosons or fermions, whose states can likewise be sub-
mitted to a Fourier analysis, and to the determination of suppressed transitions
for states of a given symmetry type.

Q 17.6 Tue 12:15 HS 1199
Correlations in two-particle quantum tunneling — ∙Jonathan Brugger,
Christoph Dittel, and Andreas Buchleitner — Physikalisches Insti-
tut, Albert-Ludwigs-Universität Freiburg, Hermann-Herder-Straße 3, 79104
Freiburg, Germany
Quantum tunneling is key for our understanding of diverse processes in nature,
such as nuclear and chemical reactions. While the tunneling of a single parti-
cle is nearly perfectly understood, we still lack a comprehensive understanding
of the tunneling processes of two or more interacting particles: Under which
conditions do they tunnel individually or in a correlated way? What is the role
and influence of the particles’ interaction? And is there an underlying spectral
structure?

Here we answer these questions for the tunneling dynamics of two inter-
acting bosons via exact numerical diagonalization, for hard-core and soft-core
Coulomb, as well as contact interaction of variable strength. We find that cor-
related two-particle tunneling is the primary process, while uncorrelated single-
particle tunneling is due to resonances between the two-particle system’s eigen-
functions. We determine the necessary prerequisites for the latter and provide
an intuitive picture of the underlying spectral structure. As a corollary, we es-

tablish a diagnostic protocol to infer the particles’ interaction mechanism from
interaction-induced dynamical signatures, via an experimentally readily acces-
sible observable.

Q 17.7 Tue 12:30 HS 1199
Generalization of the Peres test: Multi-slit and multi-particle extension
— ∙Ece Ipek Saruhan1,2, Marc-Oliver Pleinert2, and Joachim von
Zanthier2 — 1Institute for Quantum Optics and Quantum Information
(IQOQI) Vienna, Boltzmanngasse 3, A-1090 Vienna, Austria — 2Quantum
Optics and Quantum Information Group, Friedrich-Alexander-Universität
Erlangen-Nürnberg, Staudtstr. 1, 91058 Erlangen, Germany
The axioms of quantum mechanics provide limited information regarding the
structure of the Hilbert space, such as the underlying number system, which
may be real, complex, or hyper-complex. Asher Peres proposed a method to
test hyper-complex quantum mechanics with a single particle and three scatter-
ers [1]. In this talk, we introduce a convenient way to derive the test and extend it
to a higher number of particles and scatterers (slits). We show that the sensitivity
to detect - still hypothetical - hyper-complex phases changes with the number of
slits and particles. In particular, we find that if one wants to test d vs. k dimen-
sional theories where d < k, one must use d + 1 ≤ s ≤ k slits. [1] A. Peres, Phys.
Rev. Lett. 42, 683 (1979)

Q 17.8 Tue 12:45 HS 1199
Demonstration of entanglement-enabled work extraction — ∙Alexander
Stahl1, Michael Kewming2, John Goold2, Daniel Pijn1, Ulrich
Poschinger1, and Ferdinand Schmidt-Kaler1 — 1Institut für Physik, Uni-
versität Mainz, Staudingerweg 7, 55128 Mainz, Germany — 2Department of
Physics, Trinity College Dublin, Dublin 2, Ireland
Trapped ion quantum computers provide an ideal platform for experimental
studies in the field of quantum thermodynamics. We experimentally realize a
work extraction protocol, converting entanglement into classical correlation and
then into work. In this protocol, a ’demon’ has access to an entangled ressource
state shared with an ’agent’. The agent has only local access, such that this
ressource appears to be thermal. By a sequence of manipulations, the demon
can betray the agent and use information gained about the agents state to extract
work. We show how this corroborates the work extraction protocol proposed in
[1] and that the maximum work extraction is indeed bound by the concurrence
as δW

E ≳ C2

2 . To enable the implementation of the protocol, the measurement
outcome of qubits has to be used for a classical decision logic, such that a co-
herent feedforward for the following operations can be realized. Specifically, in
the shuttling based trapped ion quantum computer this requires the capability to
decide on a μs-timescale about future ion transports and laser pulses to execute.

[1] G. Francica, J. Goold, F. Plastina, and M. Paternostro, npj Quantum Infor-
mation 3 (2017)

Q 18: Trapping and Cooling of Atoms (joint session Q/A)
Time: Tuesday 11:00–13:00 Location: HS 1221

Invited Talk Q 18.1 Tue 11:00 HS 1221
Continuous lasing and pinning of the dressed cavity resonance with strongly-
coupled 88Sr atoms in a ring cavity — ∙Vera Schäfer — JILA, University of
Colorado, Boulder, USA — Max Planck Institute for Nuclear Physics, Heidel-
berg, Germany
Superradiant lasers are a promising path for realising a narrow-linewidth, high-
bandwidth active frequency reference. They shift the phase memory from the
optical cavity, which is subject to technical and thermal vibration noise, to an
ultra-narrow optical atomic transition of an ensemble of cold atoms trapped in-
side the cavity. Our previous demonstration of pulsed superradiance on themHz
transition in 87Sr achieved a fractional Allan deviation of 6.7 ∗ 10−16 at 1s of av-
eraging. Moving towards continuous-wave superradiance promises to further
improve the short-term frequency stability by orders of magnitude. A key chal-
lenge in realizing a cw superradiant laser is the continuous supply of cold atoms
into a cavity, while staying in the collective strong coupling regime.

We demonstrate continuous loading and transport of cold 88Sr atoms inside
a ring cavity, after several stages of laser cooling and slowing. We further de-
scribe the emergence of zones of collective continuous lasing of the atoms on
the 7.5kHz transition, 7x narrower than the cavity linewidth, and pumped by
the cooling lasers via inversion of the motional states. The lasing is supported
by self-regulation of the number of atoms inside the cavity that pins the dressed
cavity frequency to a fixed value over >2MHz of raw applied cavity frequency. In
the process up to 80% of the original atoms are expelled from the cavity.

Q 18.2 Tue 11:30 HS 1221
Usingmultifrequency light for large cold atom traps— ∙David Johnson, Ben
Hopton, Nathan Cooper, and Lucia Hackermüller — University of Not-
tingham, Nottingham, UK

Magneto-optical trapping (MOT) and Bose-Einstein-Condensates (BECs) are
used for a wide range of applications, such as sensors for magnetic or gravita-
tional fields, as well as to test fundamental questions such as Quantum Gravity.
Larger atom clouds would allow for more precise sensors and test a larger range
of parameters of such theories. One limitation to the size of the trapped cold
atom cloud is the range of atom velocities that can be addressed by the trapping
beams. By using multiple frequencies each shifted by approximately 5MHz, we
expect an increase of the atom loading rate by a factor of 1000 or more, thus
leading to trapping 10-100 times more atoms in our MOT. A dark spot MOT
can be used to reduce the influence of collisional losses and fully demonstrate
the feasibility of our proposal.

Q 18.3 Tue 11:45 HS 1221
Dipole trapping of mercury — ∙Sascha Heider, Thorsten Groh, and Si-
mon Stellmer—Physikalisches Institut, Universität Bonn, Nußallee 12, 53115
Bonn, Germany
Mercury is the heaviest, non-radioactive laser-coolable element in the periodic
table. With seven naturally occuring isotopes and deep UV transitions (185 nm)
suitable for high resolution imaging, mercury is a promising candidate for real-
izing a future multipurpose quantum gas machine.

We already achieved laser cooling of all seven isotopes on the 1S0 →
3P1 (254

nm) transition to sub-Doppler temperatures and high atom numbers [PRA 105,
033106].

For further cooling we currently deploy a high power optical dipole trap (300
W at 1070 nm) to overcome the very low polarizability.
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Q 18.4 Tue 12:00 HS 1221
Towards light scattering experiments indense dipolar gases— ∙IshanVarma,
Marvin Proske, Rhutwik Sriranga, and PatrickWindpassinger— Insti-
tute of Physics, JGU Mainz
Dysprosium is a fascinating candidate for studying cooperative and collective ef-
fects in dense ultra-cold media. With the largest ground state magnetic moment
of all elements in the periodic table (10 Bohrmagnetons), it offers a platform
to study light scattering in a system where magnetic dipole-dipole interactions
(DDI) and light induced correlations are in mutual competition. At sufficiently
high atomic densities, the strong magnetic DDI significantly influence the prop-
agation of light within the sample. In particular, we want to look at signatures of
collective light scattering phenomena like super- and subradiance.

This talk reports on the progress made in generating dense samples of ultra-
cold dysprosium atoms. We plan to optically transport atoms into a home-built
science cell with high optical access. The creation and imaging of dense atomic
samples inside the science cell is achieved using high NA custom objectives, de-
signed and assembled in-house. We present the performance characterization
and discuss the development of these objectives in our experimental system.
Further, an outlook is given on future measurements exploring collective and
cooperative effects in the generated sample.

Q 18.5 Tue 12:15 HS 1221
Report on the construction of a new Erbium-Lithium machine —
∙Alexandre De Martino, Florian Kiesel, Kirill Karpov, Jonas Auch,
and Christian Gross — Eberhard Karls Universität Tübingen, Physikalisches
Institut, AG Groß, Auf der Morgenstelle 14, 72076 Tübingen
Fermionic gases are notoriously difficult to cool down below 10% of the Fermi
temperature with usual methods. Pushing the temperature limit and producing
colder gases is becoming essential for the study of strongly correlated systems.
Sympathetic cooling with a classical gas as an entropy reservoir may provide a
new direction to overcome the current limit.

Here we report on the ongoing development of a new Erbium-Lithium ma-
chine, whose purpose is to optimize the cooling of an ultracold Lithium gas with
an Erbium reservoir. This mixture has several promising features, that have not
yet been utilized for sympathetic cooling in other quantum mixtures.

Q 18.6 Tue 12:30 HS 1221
ORKA - Towards a cavity enhancedOptical Dipole Trap for evaporative cool-
ing of Rb87 in microgravity — ∙Jan Eric Stiehler, Marius Prinz, Marian
Woltmann, and SvenHerrmann—Center of Applied Space Technology and
Microgravity (ZARM), University of Bremen, Germany

Evaporative cooling in optical traps is a common method to prepare ultra-
cold quantum gases and generate Bose Einstein condensates (BEC). This usually
comes at the prize of an increased power budget for the trapping laser. For setups
that require to be energy efficient e.g. in space, magnetic chip traps are thus often
preferred. However, these also come with certain limitations and lack some of
the benefits of all-optical trapping and cooling. As an alternative we are investi-
gating the use of a resonantly enhanced optical dipole trap for Rb87 to mitigate
the power needs of all-optical evaporative cooling. We plan to employ a bow-tie
cavity for evaporative cooling to a BEC, to be used as a matterwave source for
interferometry in free fall experiments at the the Bremen Gravitower Pro facil-
ity. In this talk we will discuss the trade-off for our trapping scheme and present
the resulting experiment design as well as simulation results for the bow-tie cav-
ity trap. The ORKA project is supported by the German Space Agency DLR with
funds provided by the FederalMinistry for Economic Affairs and Climate Action
under grant number DLR 50 WM 2267.

Q 18.7 Tue 12:45 HS 1221
Confinement Induced Resonances in Spherical Shell Traps — ∙C. Moritz
Carmesin1 and Maxim A. Efremov2,1 — 1Institute of Quantum Physics and
Center for Integrated Quantum Science and Technology (IQST), Universität
Ulm, 89081 Ulm, Germany — 2German Aerospace Center (DLR), Institute of
Quantum Technologies, 89081 Ulm, Germany

We have computed exactly the energy spectrum and corresponding wave
functions of two bosonic particles, which are confined in a spherically symmet-
ric shell-shaped trap of the radius r0 and interact with each other via a three-
dimensional zero-range potential characterized by the s-wave scattering length
a0. Confinement induced resonances (CIRs) are found to occur at certain val-
ues of r0 and a0 as avoided crossings between the bound (molecular) and trap
(non-molecular) states, as well as between two trap states. The found CIRs origi-
nate entirely from the strong coupling of the relative and center-of-massmotions
of the two particles. By working close to a CIR, that is at a certain shell radius
and a given scattering length, these results offer a new way to increase the atom-
atom interaction and even to drive the formation ofmolecules in the shell-shaped
atomic gas.

Q 19: Ultracold Molecules and Precision Spectroscopy (joint session MO/Q)
Time: Tuesday 11:00–13:00 Location: HS 3044
See MO 6 for details of this session.

Q 20: Quantum Many-Body Dynamics
Time: Tuesday 11:00–13:00 Location: HS 3118

Q 20.1 Tue 11:00 HS 3118
Loss-tolerant photonic fusion networks for quantum computing with quan-
tum emitters — ∙Matthias C. Löbl, Stefano Paesani, and Anders S.
Sørensen—Center for Hybrid QuantumNetworks (Hy-Q), The Niels Bohr In-
stitute, University of Copenhagen, Blegdamsvej 17, DK-2100 Copenhagen, Den-
mark
Graph states are entangled states that enable measurement-based quantum com-
puting, an approach that is particularly promising for architectures using pho-
tons as qubits. However, generating the required large photonic graph states is
complicated by photon losses and the fact that photon-photon gates are difficult
to realize. To generate large graph states, we consider an approach that connects
small graph resource states by probabilistic entangling gates (Bell measurements
called fusions). To make the scheme practical, we use resource states that are
locally equivalent to GHZ states and readily can be generated using quantum
emitters. Furthermore, we consider fusion networks where all fusions are per-
formed at once which is advantageous as it minimizes the required adaptiveness
and the need for long memory time. We optimize the tolerance to photon loss of
several such schemes where either purely photonic graph states or spin-photon
entangled states are used. The latter approach is particularly suited for quantum
emitters with a spin degree of freedom and we find a tolerance to photon loss of
more than 6% for such architectures [1]. Finally, we also discuss algorithms to
simulate the photon loss threshold as a non-standard percolation model.

[1] Matthias C. Löbl et a., arxiv:2304.03796 (2023)

Q 20.2 Tue 11:15 HS 3118
Quantum stochastic resetting in lattices with long-range hopping — ∙Sayan
Roy1, Shamik Gupta2, and Giovanna Morigi1 — 1Theoretical Physics, De-
partment of Physics, Saarland University, 66123 Saarbrücken, Germany —
2Department of Theoretical Physics, Tata Institute of Fundamental Research, 1
Homi Bhabha Road, Mumbai, 400005, India
Stochastic resetting [1] is considered an efficient strategy for spatial search. The
corresponding quantum dynamics is a lively area of research [2]. In this work,
we analyze the dynamics of a quantum particle on a one-dimensional lattice with
long-range hopping. The hopping decays with the distance as 1/rα . The particle
is additionally subject to repeated projective measurements by a detector placed
at the target site and, in case of negative result, it is reset with constant rate to
the initial site. We determine the hitting time of the target as a function of α and
find the optimal resetting rate required to maximize the detection probability.
We further consider the effect of box disorder on the hopping rate and assess the
speed of the convergence time as a function of the disorder strength.

[1]. M.R. Evans and S.N. Majumdar, Phys. Rev. Lett. 106, 160601 (2011). [2].
R. Yin, E. Barkai, Phys. Rev. Lett. 130, 050802 (2023).

Q 20.3 Tue 11:30 HS 3118
Topological QuantumOptics in Atomic Emitter Arrays— ∙Jonathan Sturm
and Adriana Pálffy— Julius-Maximilians-Universität Würzburg
Quantum emitter arrays are a powerful platform enabling tailored control of
quantum optical phenomena, like super- and subradiance or efficient photon
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storage [1]. Since state-of-the-art experimental techniques allow the realization
of almost arbitrary lattice structures, a natural question is what physical effects
arise if the lattice has nontrivial topology.

Here, we study a one-dimensional chain of quantum emitters implementing
the Su-Schrieffer-Heeger model. Going beyond previous studies [2], we show
how the presence or absence of topologically protected edge states depends on
the orientation of the transition dipole moment with respect to the chain axis.
Moreover, we discuss how the deliberate breaking of inversion and sublattice
symmetry gives rise to non-Hermitian topological states and the emergence
of the non-Hermitian skin effect [3]. Our results demonstrate the potential of
atomic emitter arrays as a platform for topological quantum optics.
[1] M. Reitz et al., PRX Quantum 3, 010201 (2022).
[2] B. X. Wang and C. Y. Zhao, Phys. Rev. A 98, 023808 (2018).
[3] E. J. Bergholtz et al., Rev. Mod. Phys. 93, 015005 (2021).

Q 20.4 Tue 11:45 HS 3118
Exploring the phase structure of the three-flavor Schwinger model in the
presence of a chemical potential withmeasurement- and gate-based quantum
computing — ∙Stephan Schuster1, Stefan Kühn2, Lena Funcke3, Tobias
Hartung4, Marc-Oliver Pleinert1, Joachim von Zanthier1, and Karl
Jansen2 — 1Friedrich-Alexander-Universität Erlangen-Nürnberg, Staudtstr. 1,
91058 Erlangen, Germany— 2CQTA,Deutsches Elektronen-SynchrotronDESY,
Platanenallee 6, 15738 Zeuthen, Germany — 3Transdisciplinary Research Area
”Building Blocks of Matter and Fundamental Interactions” (TRA Matter), Uni-
versity of Bonn, Bonn, Germany — 4Northeastern University - London, Devon
House, St Katharine Docks, London, E1W 1LP, United Kingdom
We propose an variational quantum eigensolver (VQE) ansatz, allowing us to
explore the phase structure of the multi-flavor Schwinger model in the presence
of a chemical potential. The ansatz can incorporate relevant model symmetries
via constrains on the variational parameters, and can be implemented on circuit-
based as well as measurement-based quantum devices. Classical simulations of
the VQE show that our ansatz captures the phase structure of the model, and
can approximate the ground state to a high level of accuracy. Moreover, proof-
of-principle simulations on a superconducting, gate-based quantum hardware
allow to determine the critical points in the considered region of the phase dia-
gram with very good precision.

Q 20.5 Tue 12:00 HS 3118
Quantum state preparation via engineered ancilla resetting — Daniel
Alcalde Puente1, Felix Motzoi1, Tommaso Calarco1,2,3, Giovanna
Morigi4, and ∙Matteo Rizzi1,2 — 1Institute of Quantum Control, Peter Grün-
berg Institut (PGI-8) - Forschungszentrum Julich GmbH, Jülich, Germany —
2Institute for Theoretical Physics - University of Cologne, Köln, Germany —
3Dipartimento di Fisica e Astronomia - Universita di Bologna, Bologna, Italy —
4Theoretical Physics - Saarland University, Saarbrucken, Germany
In this study, we investigate a quantum resetting protocol for preparing ground
states of frustration-freeHamiltonians. The protocol uses a steeringHamiltonian
for local coupling to ancillary degrees of freedom, which are periodically reset.
For short reset times, the dynamics resemble a Lindbladian with the target state
as its steady state. We use Matrix Product State simulations and quantum trajec-
tory methods to assess the protocol’s efficiency in preparing the spin-1 Affleck-
Kennedy-Lieb-Tasaki state, focusing on convergence time, fidelity, and energy
evolution at various reset intervals. Our findings indicate that entanglement with
the ancillary system is crucial for rapid convergence, with an optimal reset time
for peak performance. The protocol also demonstrates robustness against small
deviations in reset time and dephasing noise. Our results suggest that quantum
resetting could be more advantageous than other methods like quantum reser-
voir engineering in certain contexts.

Q 20.6 Tue 12:15 HS 3118
Decoding the projective transverse field Ising model — ∙Felix Roser, Hans
Peter Büchler, and Nicolai Lang— Institute for Theoretical Physics III and
Center for Integrated Quantum Science and Technology, University of Stuttgart,
70550 Stuttgart, Germany

The competition between non-commuting projective measurements in discrete
quantum circuits can give rise to entanglement transitions. It separates a regime
where initially stored quantum information survives the time evolution from
a regime where the measurements destroy the quantum information. Here we
study one such system - the projective transverse field Ising model - with focus
on its capabilities as a quantum error correction code. The idea is to interpret
one type of measurements as errors and the other type as syndrome measure-
ments. We demonstrate that there is a finite threshold below which quantum
information encoded in an initially entangled state can be retrieved reliably. In
particular, we implement the maximum likelihood decoder to demonstrate that
the error correction threshold is distinct from the entanglement transition. This
implies that there is a finite regime where quantum information is protected by
the projective dynamics, but cannot be retrieved by using syndrome measure-
ments.

Q 20.7 Tue 12:30 HS 3118
Antiferromagnetic bosonic t-J models and their quantum simulation —
∙Timothy J. Harris1,2, Ulrich Schollwöck1,2, Annabelle Bohrdt2,3, and
Fabian Grusdt1,2 — 1Department of Physics and Arnold Sommerfeld Cen-
ter for Theoretical Physics (ASC), Ludwig-Maximilians-Universität München,
80333 München, München, Germany — 2Munich Center for Quantum Science
and Technology, 80799München, Germany— 3Institut für Theoretische Physik,
Universität Regensburg, 93035 Regensburg, Germany
Understanding the microscopic origins of the competition between spin and
charge degrees of freedom is a central challenge at the heart of strongly correlated
many-body physics. Recently, the combination of optical tweezer arrays with
systems exhibiting strong interactions, such as Rydberg atoms or ultracold polar
molecules, has opened the door for quantum simulation platforms to explore a
wide variety of spin models. A significant next step will be the combination of
such settings with mobile dopants, in order to study the physics of doped quan-
tum magnets. Here we present recent numerical results from large-scale density
matrix renormalization group (DMRG) calculations investigating the phase dia-
gram of the bosonic t-J model with cylindrical boundary conditions at low dop-
ing. By introducing antiferromagnetic (AFM) couplings between neighbouring
spins, we realize competition between the charge motion and magnetic order
similar to that observed in high-Tc cuprates.

Q 20.8 Tue 12:45 HS 3118
Non-Hermitian study of driven-dissipative topological semimetals —
∙Daniel Borrero Landazabal1,2, FloreK. Kunst2, and Sharareh Sayyad2

— 1Institute of Quantum Technologies, German Aerospace Center (DLR),
Wilhem-Runge-Str. 10, 89081 Ulm, Germany — 2Max Planck Institute for the
Science of Light, Staudtstraße 2, 91058 Erlangen, Germany.
One of the intriguing lines of research in recent years in quantum physics is
probing, manipulating, and optimizing topological phases under the influence
of ultrafast laser pulses. While in most cases the topological systems are theo-
retically treated as closed systems, explaining and interpreting some of recent
experimental observations were not viable without incorporating the formula-
tion of open quantum systems. Of particular interest is understanding 3D Weyl
and Dirac semimetals, like the TaAs, as well as chiral topological semimetals
like the RhSi, due to their particularities in electron transport phenomena. In
this project, we investigate such systems in a driven-dissipative configuration.
To achieve this, we employed various techniques from open quantum systems
and non-Hermitian physics. Using these methods, we could evaluate the dy-
namics of the density matrix, explore its relaxation dynamics, and characterize
the topological nature of the system with nonzero dissipation. In particular, we
explored the low-energy (k ⋅ p) models of the TaAs and the RhSi compounds
and implemented an effective non-Hermitian model. A key result is the discov-
ery of exceptional points (EPs) of high order in the complex spectrum of the two
compounds.

Q 21: Quantum Communication III
Time: Tuesday 11:00–13:00 Location: HS 3219

Q 21.1 Tue 11:00 HS 3219
Polarization entanglement in whispering gallery resonators — ∙Sheng-
Hsuan Huang1,2, Thomas Dirmeier1,2, Golnoush Shafiee1,2, Kaisa
Laiho3, Dmitry Strekalov1, Gerd Leuchs1,2, and Christoph
Marquardt1,2 — 1Max-Planck-Institute for the Science of Light, Erlan-
gen, Germany — 2Department of Physics, Friedrich-Alexander-Universität
Erlangen-Nürnberg, Erlangen, Germany — 3German Aerospace Center (DLR
e.V.), Institute of Quantum Technologies, Ulm, Germany

Cavity-assisted spontaneous parametric down conversion (SPDC) sources are a
key component to connect different nodes in quantum networks. Sources based
on crystalline whispering gallery mode resonators (WGMRs) have been shown
to be capable of generating SPDC states that are both narrow-band and sin-
gle mode[1,2] and interacting efficiently with alkali atoms[3]. However, to our
knowledge, polarization entanglement hasn’t been demonstrated in WGMRs.

In our work, we demonstrate the generation of polarization entangled states
from a WGMR in an interferometric scheme[4]. Using non-local two-photon
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interference effects, we demonstrate the generation of genuine entangled states.
We also evaluate the S parameter of the CHSH inequality to be 2.45± 0.07, which
violates the inequality by more than six standard deviations.

[1]J. U. Fürst, et al., Physical review letters 104.15 153901 (2010)
[2]M. Förtsch, et al., Nature communications 4.1 (2013)
[3]G. Schunk, et al., Optica 2.9 (2015)
[4]S-H. Huang, et al., arXiv preprint arXiv:2310.16589 (2023).

Q 21.2 Tue 11:15 HS 3219
Generation of indistinguishable single photons from a single 40Ca+-ion us-
ing short laser pulses — ∙Pascal Baumgart, Max Bergerhoff, Stephan
Kucera, and Jürgen Eschner — Universität des Saarlandes, Experimental-
physik, 66123 Saarbrücken
Hong-Ou-Mandel interference on a beam splitter, a key step in quantum repeater
schemes involving entanglement swapping, requires indistinguishability of sin-
gle photons [1]. A commonly used method to create single photons from single
atoms is continuous laser excitation of a Λ-type Raman transition. This renders
indistinguishability difficult, as multiple back-decays and re-excitations on the
driven transition, governed by the branching ratio of the excited state, lead to
an uncertainty in the photon emission time [2]. An alternative approach that
limits the number of back-decays is excitation by short laser pulses, on the or-
der of the excited state lifetime. Using a Raman transition in a single trapped
40Ca+-ion with an excited state lifetime of 7 ns, we investigate the feasibility of
this approach. We present an experimental setup to generate few-nanosecond
laser pulses at the excitation wavelength of 393 nm, and we examine the depen-
dence of the photon purity on the pulse length and amplitude.
[1] T. van Leent et al., Nature 607, 2022
[2] P. Müller et al., Phys. Rev. A 96, 2017

Q 21.3 Tue 11:30 HS 3219
Phase stabilization for high bandwidthfiber-based continuous variable quan-
tum key distribution— ∙Sophie Verclas, Benedict Tohermes, and Roman
Schnabel — Institut für Quantenphysik und Zentrum für Optische Quanten-
technologien, Universität Hamburg, Deutschland
Quantum Key Distribution (QKD) is a technology for secure communication
between two parties, using the principles of quantum mechanics. Our QKD ex-
periment implements a fiber-based, continuous variable QKD scheme, connect-
ing two laboratories in two separated buildings (building A and B). We set up
an EPR entanglement source in building A, consisting of two squeeze lasers and
overlapped their outputs at a 50/50 beamsplitter to generate two-mode squeezed
states, which are shared between the two buildings via optical fiber.

In both buildings, the entangled states are measured with balanced homodyne
detectors. Due to the entanglement, the results are random but also correlated
and can be used to generate a secret key. Attacks on the channel as well as on
devices in building B reduce the entanglement strength and can thus be quanti-
fied.
A major challenge in this setup is the phase stabilization and synchronization

between the two buildings. In this presentation I will introduce the experiment,
discuss the problem of phase noise and our approach to a control scheme for its
compensation.

Q 21.4 Tue 11:45 HS 3219
Controlling individual erbium dopants in silicon— ∙Johannes Früh1,2, An-
dreas Gritsch1,2, Alexander Ulanowski1,2, Fabian Salamon1,2, Adrian
Holzäpfel1,2, and Andreas Reiserer1,2 — 1Max-Planck-Institut für Quan-
tenoptik, 85748 Garching, Germany — 2TU München and Munich Center for
Quantum Science and Technology, 85748 Garching, Germany
Erbium dopants are promising candidates for the implementation of large-scale
quantum networks since they can combine second-long ground state coherence
(1) with coherent optical transitions at telecommunication wavelengths. So far,
the long lifetime of the excited state made it difficult to spectrally resolve and
control individual ions in order to harness them for quantum networks. To
overcome this challenge, we embed erbium dopants into silicon photonic crystal
resonators (2) and Fabry-Perot resonators (3) with small mode volume, which
facilitates the direct comparison of the two approaches. While the nanophotonic
resonators give Purcell enhancements up to 170, the Fabry Perot geometry avoids
the proximity of interfaces and thus offers better optical coherence and narrower
spectral diffusion linewidths down to 3 MHz. Reducting the latter down to life-
time limit, this approach is thus promising towards the entanglement of remote
dopants.

(1) M. Rancic, M. P. Hedges, R. L. Ahlefeldt, M. J. Sellars, Nat. Phys. 14, 50
(2018)
(2) A. Gritsch, A. Ulanowski, A. Reiserer, Optica 10, 783-789 (2023)
(3) A. Ulanowski, B. Merkel, A. Reiserer, Sci. Adv, 8 (2022)

Q 21.5 Tue 12:00 HS 3219
Spectroscopy and cavity-enhanced emission of Eu-based molecular systems
— ∙Evgenij Vasilenko, Vishnu Unni C, Weizhe Li, Nicholas Jobbitt,
Senthil Kuppusamy, Mario Ruben, and David Hunger—KIT Karlsruhe

Rare-earth ions in solid-state hosts are a promising candidate for optically ad-
dressable spin qubits, owing to their excellent optical and spin coherence times.
Recently, also REI-based molecular complexes have shown excellent optical co-
herence properties [1]. However, Eu ions have a long optical lifetime of the 5D0-
7F0 transition (T1,opt ∼ms) and a low branching ratio (< 1%), limiting single-ion
experiments. Both issues can be solved by high-finesse fiber-basedmicrocavities.
We study Eu-dopedmolecular crystallinematerials, including a Trensal complex
that yields 7 min spin lifetime and a homogeneous linewidth of 2.8 MHz at 4.2
K [2]. On a single, macroscopic molecular crystal [Eu(Ba)4(pip)] [1], we mea-
sure narrow inhomogeneous linewidths, hour-long spinT1 and photon echoes at
< 1K. Steps to integrate molecular crystals into a fiber cavity at cryogenic opera-
tion are reported. Open-access fiber cavities have been demonstrated to achieve
high quality factors and low mode volumes, while simultaneously offering large
tunability and efficient collection of the cavity mode [3]. The results are impor-
tant steps towards single-ion readout and control being necessary for scalable
quantum registers.

[1] Serrano et al., Nature, 603, 241-246 (2022)
[2] Kuppusamy et al., J. Phys. Chem. C 127, 22 (2023)
[3] Hunger et al., New J. Phys 12, 065038 (2010)

Q 21.6 Tue 12:15 HS 3219
Frequency Conversion in a high pressure hydrogen gas — ∙Anica
Hamer1, Priyanka Yashwantrao1, SeyedMahdi Razavi Tabar1, Alireza
Aghababaei1, Frank Vewinger2, and Simon Stellmer1 — 1Physikalisches
Institut, Nussallee 12, Universität Bonn, 53115 Bonn, Germany — 2Institut für
Angewandte Physik, Wegelerstraße 8, Universität Bonn
Quantum networks, as envisioned for quantum computation and quantum com-
munication applications, are based on a hybrid architecture. Such a layout may
include solid-state emitters, network nodes based on single or few atoms or ions,
and photons as so-called flying qubits. This concept requires an efficient and
entanglement-preserving exchange of photons between the individual compo-
nents, which often entails frequency conversion of the photon.

Our approach is based on coherent Stokes and anti-Stokes Raman scattering
(CSRC and CARS) in dense molecular hydrogen gas. This four-wave mixing
process sidesteps the limitations imposed by crystal properties, it is intrinsically
broadband and does not generate an undesired background. We have demon-
strated conversion between 434 nm (F donors in ZnSe) to 370nm (Yb+ ions) and
between 863 nm (InAs/GaAs quantum dots) and the telecom O-band. We will
present first steps towards integrated frequency conversion in gas-filled hollow-
core fibers.

Q 21.7 Tue 12:30 HS 3219
Co-doping a Crystalline Membrane for Improved Spectral Multiplexing
of Rare-earth Emitters — Alexander Ulanowski1,2, Johannes Früh1,2,
∙Fabian Salamon1,2, Adrian Holzäpfel1,2, and Andreas Reiserer1,2 —
1Max-Planck-Institut für Quantenoptik, Hans-Kopfermann-Str. 1, 85748
Garching, Germany — 2Technische Universität München, TUM School of Nat-
ural Sciences, James-Franck-Straße 1, 85748 Garching, Germany
Erbium dopants in solids exhibit a coherent optical transition at a telecommu-
nication frequency and spin coherence times exceeding a second. This offers an
exceptional potential for extended quantum networks [1].

To realise an efficient spin-photon interface, a 10 μm thin crystalline mem-
brane is embedded into a Fabry-Perot resonator. The narrow optical transitions
of the emitters then allow for spectral multiplexing [2]. In this context, we show
that the spectral density and thus the number of individually resolvable qubits
can be tailored by co-doping an erbium-doped YSO crystal with europium [3].
Using this technique, more than 360 emitters with an optical coherence that
reaches the lifetime limit can be optically resolved with Purcell factors up to 110.

These advances constitute a key step towards large-scale multiplexed entan-
glement generation for a global quantum network.

[1] A. Reiserer, Rev. Mod. Phys. 94, 041003 (2022). [2] A. Ulanowski, B.
Merkel & A. Reiserer, Sci. Adv. 8, eabo4538 (2022). [3] A. Ulanowski, J. Früh, F.
Salamon, A. Holzäpfel & A. Reiserer, arXiv:2311.16875 (2023).

Q 21.8 Tue 12:45 HS 3219
A compact and portable room temperature atomic vapor quantum memory
— ∙Alexander Erl1,2, Martin Jutisz3, Elisa Da Ros3, Luisa Esguerra2,1,
Leon Messner2, Mustafa Gündoğan3, Markus Krutzik3,4, and Janik
Wolters2,1 — 1Technische Universität Berlin, Institut für Optik und Atomare
Physik, Berlin — 2Deutsches Zentrum für Luft- und Raumfahrt e.V. (DLR), In-
stitut für Optische Sensorsysteme, Berlin — 3Humboldt-Universität zu Berlin,
Institut für Physik, Berlin — 4Ferdinand-Braun-Institut, Institut für Hochstfre-
quenztechnik, Berlin
In recent years, considerable progress has beenmade in the field of room temper-
ature quantummemories. The inherent simplicity of this platform makes it very
promising for use outside of laboratory environments, including in space-based
applications. As an essential component of quantum repeaters, space-compatible
memories could advance global quantum communication networks [1]. Here
we present the implementation and performance analysis of a portable rack-
mounted system, operated inside and outside of lab environment. This optical
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memory utilizes a lambda-scheme based on the Cesium D1 line transitions at
895 nm [2]. We achieve internal memory efficiencies of >40% for storage times
of 500 ns. Employing attenuated coherent pulses, we observe storage and re-
trieval fidelities exceeding the classical threshold [3].

[1] M. Gündoğan et. al., npj Quantum Information 7, 128 (2021)
[2] L. Esguerra et al., Phys. Rev. A 107, 042607 (2023)
[3] M. Jutisz et. al., in preparation (2024)

Q 22: Members’ Assembly
Time: Tuesday 13:15–14:15 Location: HS 1199
All members of the Quantum Optics and Photonics Division are invited to participate.

Q 23: Poster I
Time: Tuesday 17:00–19:00 Location: Tent B

Q 23.1 Tue 17:00 Tent B
Continuous entanglement generating superradiant SU(4) laser — Jarrod
Reilly1, ∙Gage Harmon2, John Wilson1, Murray Holland1, and Si-
mon Jäger3 — 1University of Colorado Boulder — 2Saarland University —
3University of Kaiserslautern-Landau
We present a cross-cavity system in which steady-state superradiance is achieved
with solely collective dissipative dynamics. The cavities symmetrically couple
an ensemble of four-level atoms by driving transitions between two electronic
and two motional states. We demonstrate that the system continuously gener-
ates both interparticle entanglement between the constituent particles and in-
traparticle entanglement between the internal and external degrees of freedom.
We use innovative techniques to examine the two types of entanglement and, re-
markably, we find that the system in steady-state is Heisenberg limit scaled with
nearly maximal entanglement entropy between the internal and external degrees
of freedom. Lastly, we discuss potential applications of our proposed model to
the prominent fields of quantum metrology and quantum information science.

Q 23.2 Tue 17:00 Tent B
Speeding Up Squeezing with a Periodically Driven Dicke Model — Jar-
rod T. Reilly1, ∙Simon B. Jäger2, John D. Wilson1, John Cooper1, Sebas-
tian Eggert2, and Murray J. Holland1 — 1JILA, NIST, and Department of
Physics, University of Colorado Boulder — 2Physics Department and Research
Center OPTIMAS, University of Kaiserslautern-Landau
We present a simple and effective method to create highly entangled spin states
on a faster timescale than that of the commonly employed one-axis twisting
(OAT) model. We demonstrate that by periodically driving the Dicke Hamilto-
nian at a resonance frequency, the system effectively becomes a two-axis counter-
twisting Hamiltonian which is known to quickly create Heisenberg limit scaled
entangled states. For these states we show that simple quadrature measurements
can saturate the ultimate precision limit for parameter estimation determined
by the quantum Cramér-Rao bound. An example experimental realization of
the periodically driven scheme is discussed with the potential to quickly gener-
atemomentum entanglement in a recently described experimental vertical cavity
system. We analyze effects of collective dissipation in this vertical cavity system
and find that our squeezing protocol can be more robust than the previous real-
ization of OAT.

Q 23.3 Tue 17:00 Tent B
Quantum Master Equation for Self-organization in Cavity QED — ∙Tom
Schmit1, Simon Jäger2, andGiovannaMorigi1 — 1Theoretische Physik, Uni-
versität des Saarlandes, 66123 Saarbrücken, Germany — 2Physics Department
and Research Center OPTIMAS, Technische Universität Kaiserslautern, 67663
Kaiserslautern, Germany
Ensembles of atoms strongly coupled with the electric field of an optical cavity
offer a formidable laboratory for studying the out-of-equilibrium dynamics of
long-range interacting systems in the quantum regime. In this work, we extend
the theoretical framework of Refs. [1,2] to derive a unifying quantum master
equation describing cavity cooling and self-organization of atomic ensembles in
high-finesse resonators. Our approach is valid for a broad range of parameters,
from temperatures of laser-cooled atoms to the ultra-cold quantum degenerate
regime. We discuss in detail the validity of our description as a function of the
cavity’s detuning and lifetime. At ultra-low temperatures, the model predicts
that the coupling with the dissipative resonator gives rise to an effective, long-
range decoherence that tends to heat up the atoms. We determine the dynamics
for a small system and analyse the effect of long-range cavity-induced dissipative
forces on metastability.
[1] S. Schütz, H. Habibian, and G. Morigi, Phys. Rev. A 88, 033427 (2013).
[2] S. B. Jäger, T. Schmit, G. Morigi, M. J. Holland, and R. Betzholz, Phys. Rev.
Lett. 129, 063601 (2022).

Q 23.4 Tue 17:00 Tent B
A Tensor Network Perspective on the Micromaser — ∙Andreas J.
C. Woitzik1, Edoardo Carnio1,2, and Andreas Buchleitner1,2 —
1Physikalisches Institut, Albert-Ludwigs-Universität Freiburg, Freiburg im
Breisgau, Federal Republic of Germany — 2EUCOR Centre for Quantum Sci-
ence and Quantum Computing, Albert-Ludwigs-Universität Freiburg, Freiburg
im Breisgau, Federal Republic of Germany
The one-atom (or micro-) maser – in which a stream of (Rydberg) atoms inter-
acts sequentially and in resonance with a quantizedmode of a high-quality cavity
– is a pioneering experiment on the interaction between light and matter at the
level of single quanta, and the archetypal quantum collision model. Our contri-
bution introduces a tensor networkmodel for themicromaser that represents the
incoming atomic string as a Matrix Product State (MPS). We leverage the tensor
network formalism, employing aDMRG-like optimization technique, to identify
optimal atomic strings to prepare the cavity in a sought-after target state. When
the target state of the cavity is a Fock state, we find an analytic relation between
its Fock number and the bond dimension of the optimal MPS.

Q 23.5 Tue 17:00 Tent B
Quantum optics model mapping for thin-film x-ray cavities — ∙Julien
Spitzlay1, Hanns Zimmermann1,2, Fabian Richter1, and Adriana Pálffy1
— 1Julius-Maximilians-Universität Würzburg — 2Universität der Bundeswehr
München
Thin-film cavities with one or several embedded layers of Mössbauer nuclei are
promising platforms for the quantum control of x-ray photons. At grazing inci-
dence, incoming resonant x-rays couple evanescently to the cavity, while the re-
sulting cavity field drives the nuclear transitions. Several quantum optics models
have been developed in the past decade to describe the resonant x-ray scatter-
ing in these nanostructures, for instance a cavity QED model [1] or an ab-initio
formalism based on the electromagnetic Green’s function [2,3].

In this work we investigate parallels between the x-ray thin-film cavity mod-
els and well-known quantum optics models for coherent phenomena in few-
level systems such as electromagnetically induced transparency (EIT) or Autler-
Townes-Splitting (ATS). The aim is to identify parameter regimes where thin-
film x-ray cavities can display a behaviour reminiscent to these phenomena and
the relations between the coupling constants of the respective underlying quan-
tum optics models.
[1] K. Heeg and J. Evers, Phys. Rev. A 88, 043828 (2013)
[2] D. Lentrodt, K. Heeg, C. H. Keitel, J. Evers, Phys. Rev. Research 2, 023396
(2020)
[3] X. Kong, D. Chang, A. Pálffy, Phys. Rev. A 102, 033710 (2020)

Q 23.6 Tue 17:00 Tent B
Coupled states of cold Yb atoms in a high-finesse cavity — ∙Saran Shaju,
Dmitriy Sholokhov, Simon B Jäger, and Jürgen Eschner—Universität des
Saarlandes, Experimentalphysik, 66123 Saarbrücken
We study the atom-cavity interaction of cold Yb atoms inside a 5-cm long optical
high-finesse cavity that is resonant with its 1S0 →

3P1 intercombination transi-
tion at 556 nmwavelength. The atoms are magneto-optically trapped and cooled
on their 1S0 → 1P1 transition at 399 nm. We record the cavity output as well
as the free-space fluorescence when a probe on 1S0 →

3P1 drives the cavity on
axis. By varying the cavity and probe frequency, we observe coupled atom-cavity
states with atom number-dependent splitting. We associate the observation to
the existence of collective strong coupling of the atoms with the single mode of
the resonator. We extend our understanding by simulating the problem using a
quantum mechanical mean-field model.

Q 23.7 Tue 17:00 Tent B
Chiral cavities: an extendible and simple theoretical model— ∙Carlos Bus-
tamante, Dominik Sidler, Michael Ruggenthaler, and Angel Rubio —
Max Planck Institute for the Structure an Dynamics of Matter, Hamburg
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Over the past decade, we have witnessed a huge growth in cavity quantum elec-
trodynamics phenomena. This growing interest is centered around the formation
of polaritons in these cavities –a hybrid quantum state resulting from the strong
interaction between light andmatter. Polaritons’ hybrid nature offers a new alter-
native to change matter properties by tailoring light. For instance, it is possible
to impart spin-angular momentum on photon modes to get circularly polarized
light (CPL). Cavities capable of confining CPL are known as chiral cavities. De-
spite the absence of experimental results, some theoretical studies have already
shown that this kind of cavities could be useful in chemistry. However, the sim-
ulations conducted thus far are quite challenging due to the necessity of employ-
ing beyond-dipole approximations and high levels of accuracy. In this work,
we propose a chiral cavity Hamiltonian derived using dipole approximation and
a hybrid gauge. To test this Hamiltonian, we worked with a one-dimensional
atom, placed in a spring topology, in order to get a chiral symmetry. The results
demonstrate that, despite some limitations of the model, our Hamiltonian can
capture properties dependent on the polarization of the cavity or the chirality of
the matter system. The simplicity of our Hamiltonian offers an efficient way to
explore the fundamental physical properties of these systems.

Q 23.8 Tue 17:00 Tent B
Towards deterministic strong coupling between single trapped atoms and
a Whispering-Gallery-Mode microresonator — ∙xinxin hu, luke masters,
gabriele maron, arno rauschenbeutel, and juergen volz—Department
of Physics, Humboldt-Universität zu Berlin, Berlin, Germany
In the past decades, coupling between single trapped atoms and high Q factor
microresonators has been a strong research focus because a resonator can signif-
icantly enhance of light-atom interaction and realize strong coupling. More re-
cently, aided by the progress of materials and microfabrication technology, more
integratable resonator types, e.g. photonic crystal cavities and optical nanofiber-
based cavities, have been explored in single-atom CQED systems, and many
breakthroughs have been achieved in such systems. Of particular interest are
whispering-gallery-mode resonators, such as microsphere or microtoroid res-
onators that exhibit extremely high Q-factors exceeding 10^9. Here, we present
the work of our group towards deterministic strong coupling of single trapped
atoms to a bottle-typeWGMmicroresonator. In our experiment we load a single
atom from a magneto optical trap into an optical tweezer. Subsequently, using a
focus tunable lens, we move the trapped atoms over a distance of ~1mm into the
evanescent field of the WGM resonator. We will report on the efficiency of the
atom transport close to and into the evanescent field of the resonator.

Q 23.9 Tue 17:00 Tent B
Design and realization of a high-finesse optical resonator for cavity-assisted
readout of atomic arrays— ∙JacopoDe Santis1,2, MehmetÖncu1,2, Balázs
Dura-Kovács1,2, Sebastian Ruffert1,2, and Johannes Zeiher1,2 — 1Max-
Planck-Institut fürQuantenoptik, 85748Garching, Germany— 2MunichCenter
for Quantum Science and Technology (MCQST), 80799 München, Germany
The ability to read out a subset of a quantum register during the execution of an
algorithm is a fundamental ingredient for fault tolerant quantum computation.
But for this mid-circuit measurement to be effective, it should satisfy some spe-
cific requirements: be fast compared to the qubit decoherence time, have low er-
ror rates and be nondestructive of the qubits which are not being read out. How-
ever, free spacemeasurements of qubits encoded in neutral atoms are rather slow,
or destructive of nearby atoms due to the heating associated with scattered pho-
tons. Coupling an atomic array to a high-finesse optical resonator is a promising
solution to these problems: thanks to the Purcell effect, not only can we detect a
higher fraction of the fluoresced photons, but the directionality of the emission
makes it less likely for the scattered photons to be reabsorbed by other atoms in
the array. In this poster I will focus on the design criteria for such a cavity and
describe how it can be used for qubit readout. Lastly, I will present some of the
more practical aspects in the realization of a high-finesse optical resonator. In
particular, I will introduce the setup I developed for testing and assembling a
near-concentric cavity with cooperativity C ≥ 7.

Q 23.10 Tue 17:00 Tent B
A cavity-integrated microwave antenna for spin manipulation of Nitrogen-
Vacancy center in diamond — ∙Andras Lauko1, Kerim Köster1, Jeremias
Resch1, Julia Heupel2, Cyril Popov2, and David Hunger1 — 1Karlsruher
Institut für Technologie, Karlsruhe, DE — 2Universität Kassel, Kassel, DE
In the competitive field of research for the realization of a quantum repeater,
nitrogen-vacancy color centers in diamonds are a promising candidate for their
optically addressable spin states. A possible platform to enhance the spin-photon
interactions is an optical fiber based, tuneable Fabry-Perot cavity, allowing for
an open access to the sample. This motivates the integration of a microwave
antenna into the resonator, combining the sophisticated coherent control of the
spin states of the nitrogen-vacancy center with the benefits provided by the cav-
ity, namely the spatially and spectrally improved emission.

This work arrives at the cavity-integrated microwave antenna in two stages.
First, a widely used antenna design, called the wire loop antenna design is mod-
ified and fabricated. Then the antenna is integrated into a confocal microscopy

setup and experiments involving the measurement of Rabi oscillations are pre-
sented.

Lastly, the antenna is mounted into an optical fiber-based microcavity and
Rabi frequencies surpassing 10 MHz are measured. The optical performance is
unaffected by the antenna and the thermal effects on the cavity caused by the
microwave excitation are investigated.

Q 23.11 Tue 17:00 Tent B
Self-consistent Red Shift – an Alternative Feature of Light-matter Coupling?
— ∙Jacob Horak, Dominik Sidler, Michael Ruggenthaler, and Angel
Rubio — Max Planck Institute for the Structure and Dynamics of Matter and
Center for for Free-Electron Laser Science, Luruper Chaussee 149, 22761 Ham-
burg, Germany
Polaritonic chemistry is a new field which was established when experiments
showed a change in chemical reactivity merely due the different electromagnetic
environment inside an optical cavity. The effect is attributed to the formation of
hybrid particles, polaritons, made up of a molecular excitation strongly coupled
to the resonance mode of a cavity. Compared to an empty cavity, resonances are
always shifted depending on the filling and this has been used to monitor the
progress of reactions, e.g, with IR spectroscopy.[1]

Here, we show that an analytic expression of the self-consistent red shift de-
rived from the Pauli-Fierz Hamiltonian for harmonic molecules deviates from
the Lorentz model. Traditionally, observing a Rabi split, i.e., the energy separa-
tion between the polaritons, has been the hallmark of experimentally quantifying
light-matter coupling. Could measuring the red shift become another avenue to
monitor strong light-matter coupling experimentally?

[1] A. Thomas, J. George, A. Shalabney, M. Dryzhakov, S. J. Varma, J. Moran,
T. Chervy, X. Zhong, E. Devaux, C. Genet, J. A.Hutchison, T.W. Ebbesen,Angew.
Chem. Int. Ed. 2016, 55, 11462-11466.

Q 23.12 Tue 17:00 Tent B
Spectral properties of a cold-atom laser — Dmitriy Sholokhov, Saran
Shaju, ∙Ke Li, and Jürgen Eschner—Universität des Saarlandes
We investigate optical gain and lasing emission from an ensemble of a few thou-
sand Ytterbium-174 atoms which are magneto-optically trapped, using the 1S0 -
1P1 transition at 399 nm, inside a 5-cm long high-finesse cavity. When the atoms
are pumped on the 1S0 -

3P1 intercombination transition at 556 nm, continuous-
wave lasing on the same transition is observed [1]. By heterodyne analysis, we
measure the cavity output spectra for a range of trap and pump light powers and
detuning. From the data, we extract the gain profile for the cold ytterbium laser
and compare its properties with our theoretical model.

Q 23.13 Tue 17:00 Tent B
A Superradiant Gas of Driven-Dissipative Two-Level Atoms as a Source of
Non-Classical Light— ∙ChristopherMink and Michael Fleischhauer—
University of Kaiserslautern-Landau, Kaiserslautern, Germany
Motivated by the recent experimental observation of non-Gaussian correlations
in the light emitted by a driven-dissipative cigar shaped cloud of two-level atoms
[Ferioli et. al, arXiv:2311.13503] we theoretically investigate the dynamics and
steady state properties of this system using a dissipative extension of the well-
established Discrete Truncated Wigner Approximation. This allows us to de-
termine the interatomic correlations as well as the radiated light field and its
symmetrically ordered first and second order correlation functions д(1)(τ) and
д(2)(τ). We verify a violation of the Siegert relation for the light emitted along the
main axis of the cloud. Furthermore we show that in the steady state the atoms
emit a negligible electric field which therefore does not contribute to the reduc-
tion of д(2)(τ). This is instead due to non-Gaussian statistics. Finally, theWigner
function of the radiated field is extracted and the quadratures are investigated to
demonstrate generation of non-classical light.

Q 23.14 Tue 17:00 Tent B
Optimal control of arbitrary perfectly entangling gates for openquantumsys-
tems— ∙Adrian Köhler and Christiane P. Koch—Freie Universität Berlin,
Berlin, Germany
Perfectly entangling gates (PE) are crucial for various applications in quantum
information. One method to realize these gates is with the help of an external
control field, whose concrete shape is found using optimal control theory. In-
stead of optimizing the shape that realizes a specific gate, the optimization target
can be extended to the full set of PE. This increases the flexibility of optimization
and allows to find the best PE from the set of all PE. For unitary dynamics, the
PE optimization functional can readily be evaluated. In contrast, for non-unitary
dynamics, one has to approximate the unitary part of the dynamics first. We em-
ploy this technique to superconducting qubits, where we apply a cross-resonant
drive to two coupled fixed-frequency transmons to generate entangled states.

Q 23.15 Tue 17:00 Tent B
A graph-based approach to dissipative production of multipartite entangled
states in trapped ions— ∙Antoine Guinchard, Karl Horn, Daniel Reich,
and Christiane Koch— Freie Universität Berlin, Berlin, Deutschland
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Entanglement is a key ingredient for quantum technologies. We study the cre-
ation of entangled states on trapped ion qubits, where logical states are encoded
in the ionic hyperfine states which are coupled via common vibrational modes.
By leveraging dissipative processes in this system, schemes to generate both two-
and three-partite entanglement have recently been developed by Karl P Horn et
al [2018 New J. Phys. 20 123010] and Daniel C Cole et al [2021 New J. Phys. 23
0730].

We developed a graph-theoretical approach which allows us to find dissipa-
tive protocols to generate entangled states in a computationally efficient way by
representing the population flow on the logical state space. This method allows
us to both reproduce the previously derived protocols for the three-qubit case
and even find entirely new schemes. By adding an extra transition per qubit, we
are able to show that one of our new schemes is scalable to an arbitrary number
of qubits. Due to the graph-based and system-agnostic nature of our method,
our protocols can be generalised to a wide variety of experimental setups.

Q 23.16 Tue 17:00 Tent B
Role of dephasing in optimal transport of spin excitations in a two-
dimensional, lossy lattice — ∙Andrei Skalkin, Razmik Unanyan, and
Michael Fleischhauer— RPTU, Kaiserslautern
Noise is commonly regarded as an adverse effect disrupting communication and
limiting efficiency of many processes. However, it has been shown [P. Rebentrost
et al., New Journal of Physics 11, 2009] that decoherence processes can play a sig-
nificant role in quantum transport facilitation. We study how a dephasing noise,
acting on all sites with equal rate, improves spin excitation transport efficiency in
a two-dimensional lattice with dipole-dipole long-range interaction. We provide
a newmechanism of dephasing-assisted transport in ordered systems. The study
includes both numerical and analytical approaches and may serve as a bench-
mark for experiments in the framework of optical lattices.

Q 23.17 Tue 17:00 Tent B
Fermionic coherent state path integral for ultrashort laser pulses and trans-
formation to a field theory of coset matrices including disorder-noise —
∙BernhardMieck—Keine Institution
A coherent state path integral of anti-commuting fields is considered for a two-
band, semiconductor-related solid including an ensemble-averagewith disorder-
noise. A ultrashort, classical laser field is the driving source term for the ini-
tial states. We describe the generation of exciton quasi-particles from the driv-
ing laser field as anomalous pairings of the fundamental, fermionic fields. This
gives rise to Hubbard-Stratonovich transformations from the quartic, fermionic
interaction to various Gaussian terms of self-energy matrices; the latter self-
energymatrices are solely coupled to bilinear terms of anomalous-doubled, anti-
commuting fields which are subsequently removed by integration and which
create the determinant with the one-particle operator and the prevailing self-
energy. We accomplish path integrals of even-valued self-energy matrices with
Euclidean integration measure where three cases of increasing complexity are
classified (scalar self-energy variable, density-related self-energymatrix and also
a self-energy including anomalous doubled terms). The SSB is performed with
hinge-fields which factorizes the total self-energy matrix by a coset decomposi-
tion into density-related, block diagonal self-energy matrices of a background
functional and into coset matrices with off-diagonal block generators for the
anomalous pairings of fermions. This allows to derive a classical field theory
for the self-energy matrices.

Q 23.18 Tue 17:00 Tent B
Selfconsistent diagrammatic transport for light includingtime reversal sym-
metric entropy production— ∙Regine Frank1,2 and Bart A. van Tiggelen3

— 1College of Biomedical Sciences, Larkin University, Miami, Florida, USA —
2Donostia International Physics Center, 20018 Donostia-San Sebastian, Spain—
3University Grenoble Alpes, Centre National de la Recherche Scientifique, LP-
MMC, Grenoble, France
We present novel theory and numerics for transport of light in random complex
media, where the production of entropy is positive under time reversal, an On-
sager scenario. Time and space resolved numerical solutions based on weighted
essentially non-oscillatory solvers (WENO) are introduced and discussed with
respect to Anderson localization. [1] R. Frank, A. Lubatsch, Phys. Rev. Research
2, 013324 (2020). [2] D. Vollhardt and P. Woelfle, Phys. Rev. B 22, 4666 (1980).
[3] P. D. Lax and R. D. Richtmyer, Commun. Pure Appl. Math. 9, 267 (1956).
[4] A. Lubatsch, J. Kroha, K. Busch, Phys. Rev. B.71, 184201 (2005) [5] R. Frank,
A. Lubatsch, J. Kroha, Phys. Rev. B 73, 245107 (2006). [6] B. A. van Tiggelen, A.
Lagendijk, and A. Tip, Phys. Rev. Lett.71, 1284 (1993). [7] B. A. Van Tiggelen,
Diffuse Waves in ComplexMedia, 1-60 (1999)

Q 23.19 Tue 17:00 Tent B
A vacuum-integrated fiber cavity setup for characterizing Q-optimized
polymer-based mechanical resonators — ∙Florian Giefer, Daniel
Stachanow, Lukas Tenbrake, Sebastian Hofferberth, and Hannes
Pfeifer— Institute of Applied Physics, University of Bonn, Germany
Optomechanical platforms with high-quality mechanical and optical resonators
have a wide application potential ranging from quantum limited sensing to long-

lived storage of quantum information. Whilst exceptionally high quality factors
have been realized with structures in thin layers of dielectric or semiconduct-
ing materials, their geometries are limited by the capacity of lithographic fab-
rication. Recent developments in polymer-based 3D direct laser-written struc-
tures allow for new paradigms in manufacturing micromechanical resonators,
but so far suffer from strong mechanical dissipation. We show viable routes for
improving this platform, including dissipation dilution, and present a scanable
vacuum-integrated fiber cavity setup for probing high quality-factor mechanical
resonators. To interface resonators we build a platform for flexible cavity con-
struction between a fiber mirror and a DBR substrate in vacuum. Compared to
previous designs, we improved the locking quality and flexibility of the optical
cavity and added several additional features. Using this tool, optimized mechan-
ical resonators and multi-resonator structures will be investigated in the near
future.

Q 23.20 Tue 17:00 Tent B
Otto cycles with a quantum rotor as theworkingmedium— ∙MichaelGaida
and Stefan Nimmrichter—Universität Siegen, Deutschland
Quantum rotors possess genuine features such as a non-uniform energy level
spectrum and quantum revivals under free rotation. Experimental progress in
levitated optomechanics has made the orientation of anisotropic nanoparticles
amenable to optical control and cooling and promises to reach the quantum
regime in the near future. We investigate how the working regimes of an Otto
engine changes due to quantum effects. As the main result we present two Otto
cycles with a planar rotor as the working medium. We distinguish between the
three operation modes Engine, refrigerator and heater. A comparison of a quan-
tum rotor with its classical counterpart reveals significant changes in the oper-
ation regimes: While one of the presented Otto cycles shows genuine quantum
disadvantage, the other becomes only useful in the quantum case.

Q 23.21 Tue 17:00 Tent B
Controlled phonon dynamics in optomechanical systems — ∙Victor Ceban
— Institute of Applied Physics, Moldova State University, Academiei str. 5,
Chisinau, Moldova
There is a plethora of quantum optic phenomena enabling the control of the
spontaneous emission effect, which results in suppression or increase of the
spontaneous emission decay rate. Here, we show that this kind of phenomena
can be explored in order to control the phonon behaviour in an optomechanical
setup. Namely, the phonons seams to follow the changes introduced to the pop-
ulation decay dynamics of a considered emitter. Two different open quantum
systems are presented.

In the first case, long-lived phonons are obtained when slowing-down the
atomic decay of an emitter. An optomechanical setup made of an aromatic
molecule embedded within an organic crystal is considered. Spontaneous emis-
sion suppression is achieved by placing the setup in a cavity and by modulating
the emitter*s transition frequency. This effect becomes prominent for mechani-
cal resonators with high damping rates, such as organic crystals.

In the second case, fast phonon dynamics is obtained when superradiant
conditions are considered. An optomechanical system made of a collection of
closely-spaced quantum dots placed on a vibratingmembrane is considered. The
quantum dot sample exhibits superradiance features which are transferred to the
phonon dynamics

Q 23.22 Tue 17:00 Tent B
Enhancing the purity of single photons in parametric down-conversion
through simultaneous pump-beam and crystal-domain engineering —
∙Baghdasar Baghdasaryan1, Fabian Steinlechner1,4,5, and Stephan
Fritzsche1,2,3 — 1FSU Jena — 2HI Jena — 3TPI Jena — 4Fraunhofer IOF, Jena
— 5IAP Jena
Spontaneous parametric down-conversion (SPDC) has shown great promise in
the generation of pure and indistinguishable single photons. Photon pairs pro-
duced in bulk crystals are highly correlated in terms of transverse space and fre-
quency. These correlations limit the indistinguishability of photons and result
in inefficient photon sources. Domain-engineered crystals with a Gaussian non-
linear response have been explored to minimize spectral correlations. Here we
study the impact of such domain engineering on spatial correlations of generated
photons. We show that crystals with a Gaussian nonlinear response reduce the
spatial correlations between photons. However, the Gaussian nonlinear response
is not sufficient to fully eliminate the spatial correlations. Therefore, the devel-
opment of a comprehensive method to minimize these correlations remains an
open challenge. Our solution to this problem involves simultaneous engineering
of the pump beam and crystal. We achieve purity of single-photon state up to
99% without any spatial filtering. Our findings provide valuable insights into the
spatial waveform generated in structured SPDC crystals, with implications for
applications such as boson sampling.

Q 23.23 Tue 17:00 Tent B
Weyl su(3) diamonds are knit and woven— ∙CarstenHenkel—Universität
Potsdam, Institut für Physik und Astronomie
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Multiplets of the symmetry groups SU(2) (rotations) and SU(3) (color or flavour
symmetry) are well-known examples where the abstract theory of group rep-
resentations (actually of the Lie algebra) provides an organising viewpoint for
physical applications [1]. We discuss an explicit algorithm that constructs the
matrices that represent the su(3) generators in an arbitrary irreducible represen-
tation [2]. They can be visualised with the help of “ladder operators” (also known
as “roots” in representation theory) that map one basis state to another one. The
two-dimensionalmultiplets of su(3) (quark triplets, meson octets or a baryon de-
cuplets, for example) “hide” certain selection rules for the ladder operators that
can be visualised intuively in a three-dimensional projection: multiplets become
polyhedra that look like diamonds.

[1] Hermann Weyl, Gruppentheorie und Quantenmechanik (Hirzel 1928)
[2] S. Coleman, Fun with SU(3), in: High-Energy Physics and Elementary

Particles, (IAEA proceedings, Vienna 1965), pp331–52

Q 23.24 Tue 17:00 Tent B
Direct measurement of pseudothermal light violating Siegert relation— ∙Xi
JieYeo1, MingzeQing1, JustinPeh1, DarrenKoh1, JaesukHwang1, Chris-
tian Kurtsiefer1,2, and Peng Kian Tan1 — 1Centre for Quantum Technolo-
gies, Singapore, Singapore — 2National University of Singapore, Singapore, Sin-
gapore
We present a technique to directly measure the violation of Siegert relation, re-
lating the first and second order photon correlation of thermal light. Specifically,
we extract correlations between photoevents detected at the output ports of an
asymmetric Mach-Zehnder interferometer. Using this technique, we observe a
violation of Siegert relation by laser light scattered off a rotating ground glass,
while Siegert relation is obeyed for light from a mercury vapor lamp.

Q 23.25 Tue 17:00 Tent B
Dimensional Reduction in Quantum Optics — ∙Jannik Ströhle and
Richard Lopp — Institut für Quantenphysik and Center for Integrated Quan-
tum Science and Technology (IQST), Universität Ulm, Albert-Einstein-Allee 11,
D-89069 Ulm, Germany
One-dimensional quantum optical models usually rest on the intuition of large
scale separations associated with the different spatial dimensions, for example
when studying quasi one-dimensional atomic motion, potentially resulting in
the violation of 3 + 1D Maxwell’s theory. In this paper, we provide a rigorous
foundation for this approximation by means of the light-matter interaction. We
show how the quantized electromagnetic field can be decomposed – without ap-
proximation – into an infinite number of one-dimensional subfieldswhen study-
ing axially symmetric setups, such as a fiber cavity, a laser beam or a waveguide.
The dimensional reduction approximation then corresponds to a truncation in
the number of such subfields that in turn, when considering the interaction with
for instance an atom, corresponds to an approximation to the atomic spatial pro-
file. We explore under what conditions the standard dimensional reduction ap-
proximation of a single subfield is justified, and when corrections are necessary
in order to account for the dynamics due to the neglected spatial dimensions. In
particular we will examine what role vacuum fluctuations play in the validity of
the approximation.

Q 23.26 Tue 17:00 Tent B
Influence of direct dipole-dipole interaction on the optical response of 2D
materials in inhomogeneous infrared cavity fields — ∙Sofia Ribeiro1,2,
Javier Aizpurua2, and Ruben Esteban2 — 1Max Planck Institute for the Sci-
ence of Light, Erlangen, Germany — 2Centro de Física de Materiales, Centro
Mixto CSIC-UPV/EHU, Donostia, Spain
The interaction between light and matter can be strongly enhanced by using
nanophotonic cavities that localize light at the nanoscale. Our work considers a
2Dmaterial formed, by a self-assembledmolecularmonolayer or by a single layer
of a Van der Walls material, coupled to an infrared nanophotonic cavity, poten-
tially reaching the strong coupling regime. Important effects can arise from the
direct dipole-dipole interactions between the molecules, such as the emergence
of new collective modes. The main effect of considering direct dipole-dipole in-
teractions on the optical properties of the hybrid system for homogeneous or
slowly varying cavity fields is the renormalization of the effective energy of the
bright collective mode of the 2D material that couples with the nanophotonic
mode. However, we find that, for situations of extreme field confinement, fully
including the direct interactions within the 2D material becomes critical to cor-
rectly capture the optical response, with many collective vibrational states par-
ticipating in the response. Further, we derive a simple analytical equation which
establishes the criteria for the need of dipole-dipole interactions in the descrip-
tion of the hybrid system beyond the standard renormalization.

Q 23.27 Tue 17:00 Tent B
Wave-particle duality in weighted two-way interferometers: Which-way
knowledge increase via delayed observable choice — ∙Elisabeth Meusert,
Marc-Oliver Pleinert, and Joachim von Zanthier — Quantum Optics
and Quantum Information Group, Friedrich-Alexander-Universität Erlangen-
Nürnberg, Staudtstr. 1, 91058 Erlangen, Germany

The concept of wave-particle duality lies at the heart of quantummechanics and
appears, for example, in Young’s well-known double slit experiment. There, the
simultaneous observations of a visible interference pattern and the acquisition
of which-way knowledge about the photon’s path are limited by an inequal-
ity, dubbed the duality relation. Previous studies on symmetric interferometers
showed that the obtained which-way knowledge can be correlated to the quan-
tum object’s phase for certain observables, and used this phase-dependency to
increase the which-way knowledge above the duality relation-limit via delayed
observable choice.

Our studies generalize these findings to arbitrarily weighted interferometers.
We find again that the now weight- and phase-dependent which-way knowledge
can be increased beyond the duality-relation limit. Moreover, we find that spe-
cific observables provide the highest improvement in which-way knowledge at
asymmetric interferometer weights. These findings suggest that both the maxi-
mum achievable which-way knowledge and the highest possible knowledge in-
creasemight be available in unbalanced interferometers, at a value not obtainable
from symmetry arguments.

Q 23.28 Tue 17:00 Tent B
Many-particle coherence and higher-order interference — ∙Marc-Oliver
Pleinert1, Eric Lutz2, and Joachim von Zanthier1 — 1Quantum Optics
and Quantum Information Group, Friedrich-Alexander-Universität Erlangen-
Nürnberg, Staudtstr. 1, 91058 Erlangen, Germany — 2Institute for Theoretical
Physics I, University of Stuttgart, 70550 Stuttgart, Germany
Quantummechanics is based on a set of only a few postulates, which can be sep-
arated into two parts: one part governing the inner structure, i.e., the definition
and dynamics of the state space, the wave function and the observables; and one
part making the connection to experiments. The latter is known as Born’s rule,
which simply put relates detection probabilities to the modulus square of the
wave function. The resulting structure of quantum theory permits interference
of indistinguishable paths; but, at the same time, limits such interference to cer-
tain interference orders. In general, quantum mechanics allows for interference
up to order 2M in M-particle correlations. Depending on the mutual coherence
of the particles, however, the related interference hierarchy can terminate ear-
lier. Here, we show that mutually coherent particles can exhibit interference of
the highest orders allowed. We further demonstrate that interference of mutu-
ally incoherent particles truncates already at order M+1 although interference of
the latter is principally more multifaceted. Finally, we demonstrate the disparate
vanishing of such higher-order interference terms as a function of coherence in
experiments with mutually coherent and incoherent sources.

Q 23.29 Tue 17:00 Tent B
Quantum dynamics of nuclear many-body systems driven by an XFEL —
∙Miriam Gerharz and Jörg Evers — Max-Planck-Institut für Kernphysik,
Heidelberg, Germany
Ensembles of Mössbauer nuclei form a promising platform for quantum optics
in extreme parameter regimes because of their narrow transitions in the hard x-
ray regime. These narrow transitions feature long lifetimes, which results in the
system being essentially decoherence free. However, because of those narrow
resonances at synchrotrons on average there is less than one resonant photon
per pulse. This situation has recently changed with first experiments at X-ray
free electron lasers (XFEL), where there are up to hundreds of resonant photons
per pulse, such that qualitatively new regimes of higher nuclear excitations can
be explored. Here we present recent progress in the theoretical modelling of the
dissipative nuclear many-body dynamics after XFEL excitation.

Q 23.30 Tue 17:00 Tent B
AFiber-basedMicrocavity Platform toPurcell-enhanceDiamondColorCen-
ters — ∙Yanik Herrmann1, Julius Fischer1, Julia M. Brevoord1, Stijn
Scheijen1, Colin Sauerzapf1,2, Leonardo G. C. Wienhoven1, Laurens
J. Feije1, Matteo Pasini1, Martin Eschen1,3, and Ronald Hanson1 —
1QuTech and Kavli Institute of Nanoscience, Delft University of Technology,
2628 CJ Delft, The Netherlands — 2Present address: 3rd Institute of Physics and
Research Center SCoPE, University of Stuttgart, 70049 Stuttgart, Germany —
3Netherlands Organisation for Applied Scientific Research (TNO), P.O. Box 155,
2600 AD Delft, The Netherlands
Quantum networks are promising both for applications like secure communi-
cation and for basic science tests of quantum mechanics at a large scale. Color
centers in diamond, like the Nitrogen- or Tin-Vacancy center are excellent node
candidates, because of their optically accessible spin with a long coherence time,
but the collection of coherent photons is limited. Integration into an optical cav-
ity can boost both the coherent emission via the Purcell effect and the collection
efficiency due to a well-defined cavity mode. Here we present a low temperature
platform, which is in particular designed to provide a low vibration level while
maintaining high flexibility over the cavity and fiber control. Such a system is
expected to significantly speed up entanglement rates in present day networks,
a critical step towards large scale quantum networks with solid state emitters.
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Q 23.31 Tue 17:00 Tent B
Recent developments on microfabricated Penning trap electrodes for
matter-antimatter comparison tests. — ∙Nima Hashemi1,2,3, Julia-Aileen
Coenders1,2, Jacob Stupp1,2, Friederike Giebel3, Jan Schaper1,2, Juan
Manuel Cornejo1,2, Stefan Ulmer4,5, and Christian Ospelkaus1,2,3
— 1Leibniz Universität Hannover, Germany — 2LNQE, Hannover, Ger-
many — 3Physikalisch Technische Bundesanstalt, Braunschweig, Germany —
4Ulmer Fundamental Symmetries Laboratory, Riken, Japan— 5Heinrich-Heine-
Universität Düsseldorf, Germany
Penning ion traps have proven to be an excellent tool for д-factor comparison
tests of matter and antimatter in the baryonic sector of the Standard Model
[1,2]. At Leibniz University of Hannover, within the BASE collaboration [3],
we are working on the development of quantum-logic inspired methods based
on Coulomb coupling of single (anti-)protons to a laser-cooled beryllium ion
for better particle localization and detection on these д-factor experiments [4].
Microfabricated Penning trap electrodes of 800 μm inner diameter and a thick-
ness of 200 μm are necessary to gain full control over the coupling process. A
challenging part of the microfabrication are the processes of photolithography
because of three-dimensional structures and double-sided geometry of the elec-
trodes. In this contribution recent methods for optimization of these processes
are analyzed and evaluated.

[1] G. Schneider et al., Science 358, 1081 (2017) [2] C. Smorra et al., Nature
550, 371 (2017) [3] Eur. Phys. J. Spec. Top. 224, 3055-3108 (2015) [4] Juan M
Cornejo et al 2021 New J. Phys. 23 073045

Q 23.32 Tue 17:00 Tent B
Nonlinear characterization of in-house fabricated thin film lithium niobate
waveguides — ∙Alexej Widajko, Laura Bollmers, Harald Herrmann,
Laura Padberg, and Christine Silberhorn — Paderborn University, Inte-
gratedQuantumOptics, Institute for PhotonicQuantumSystems (PhoQS),War-
burger Str. 100, D-33098 Paderborn
Thin film lithium niobate (TFLN) is an evolving platform for photonic circuits
for different application areas. In particular, the high nonlinearity and the wide
transparency range of LiNbO3 together with the tight confinement in nanopho-
tonic waveguides enable the realization of efficient frequency converters e.g. for
applications in quantum computing and quantum cryptography.

However, to exploit the full potential of nonlinear TFLN devices the fabrica-
tion process, which includes the fabrication of the optical waveguides and the
periodic poling for phase-matching of the targeted nonlinear process, must be
optimized.
In this work we are focussing on the development of an efficient nonlinear

characterization setup for TFLN, which allows to assess the quality of the de-
vices. We primarily use second harmonic generation (SHG) with the funda-
mental wave in the telecom wavelength range to study the nonlinear properties
of in-house fabricated TFLN devices. We give a short overview of the fabrica-
tion process, discuss some first results on SHG characterization and initial work
on photon pair generation via parametric down-conversion using the fabricated
devices.

Q 23.33 Tue 17:00 Tent B
Integrated electro-optic modulators in LiNbO3 as fundamental building
blocks for quantum photonic circuits — ∙Noel Heinen, Michelle Kirsch,
Sattibabu Romala, Sebastian Lengeling, Harald Herrmann, Laura
Padberg, and Christine Silberhorn — Universität Paderborn, Integrierte
Quantenoptik, Institut für Photonische Quantensysteme, Warburger Str. 100,
D-33098 Paderborn
Numerous applications in quantum communication and quantum processing
require electric manipulation of photonic quantum states. Thus, electro-optic
modulators (EOMs) are key components for photonic integrated circuits (PICs).
A suitable and widely used material platform for EOMs is lithium niobate (LN)
due to its high electro-optic coefficient and broad transparency window. Recent
developments in integrated optics show that thin film lithium niobate (TFLN) is
a highly versatile and promising material platform. Due to a drastically higher
mode confinement than in titanium indiffused LN waveguides, nonlinear ef-
fects and integration density are further enhanced. The increase in modulation
efficiency leads to higher modulation speeds and power efficiencies, as lower
modulation voltages are required. Therefore programmable circuits for quan-
tum information processing can be realized, as fast modulation is needed. As the
fundamental building block of EOMs are phase shifters, we cover the fabrication
process of TFLN phasemodulators and compare their benefits over conventional
diffused LN phase modulators with respect to their optical and electrical prop-
erties.

Q 23.34 Tue 17:00 Tent B
N Scaling of Large-Sample Collective Decay in Inhomogeneous Ensembles
— Sergiy Stryzhenko1,2, Alexander Bruns1, and ∙Thorsten Peters1 —
1Institut für Angewandte Physik, TechnischeUniversität Darmstadt, Hochschul-
straße 6, 64289 Darmstadt, Germany— 2Institute of Physics, National Academy
of Science of Ukraine, Nauky Avenue 46, Kyiv 03028, Ukraine

We experimentally study collective decay of an extended disordered ensemble
of N atoms inside a hollow-core fiber. We observe up to 300-fold enhanced de-
cay rates, strong optical bursts and a coherent ringing. Due to inhomogeneities
limiting the synchronization of atoms, the data does not show the typical scaling
with N . We show that an effective number of collective emitters can be deter-
mined to recover the N scaling known to homogeneous ensembles over a large
parameter range. This provides physical insight into the limits of collective decay
and allows for its optimization in extended ensembles as used, e.g., in quantum
optics, precision time-keeping or waveguide QED.

Q 23.35 Tue 17:00 Tent B
Second-order correlations of scattering electrons — ∙Florian
Fleischmann1, Mona Bukenberger2, Raul Corrêa3, Anton Classen4,
Simon Mährlein1, Marc-Oliver Pleinert1, and Joachim von Zanthier1
— 1Friedrich-Alexander-Universität Erlangen-Nürnberg, Quantum Optics and
Quantum Information, 91058 Erlangen, Germany— 2ETH Zürich, Department
of Environmental Systems Science, 8092 Zürich, Switzerland — 3Federal Uni-
versity of Minas Gerais, Departamento de Física, 31270-901 Belo Horizonte,
Brazil — 4University of Utah, Health Science Core, UT 84112 Salt Lake City,
USA
We investigate the spatial second-order correlation function of two scattering
electrons in the far field. First, we consider semi-classically the effects of the
Pauli exclusion principle and Coulomb repulsion on the expected correlation
pattern. This is followed by a full quantum-mechanical treatment of the prob-
lem. For this, we separate the system into center-of-mass and relative coordinates
in analogy to the hydrogen atom ansatz. While the center-of-mass system is de-
scribed as a free particle, we solve the Coulomb scattering problem in the relative
system. We expand the respective initial state of the electrons in the eigenstates
of the scattering problem. After incorporating the time evolution, the function
is evaluated in the far field. We show the formal solution to the problem and
discuss the current state of the numerical investigations.

Q 23.36 Tue 17:00 Tent B
Cryogenic spectroscopy of novel organic molecules doped with Yb3+ for
quantum information processing applications — ∙Robin Wittmann1, Jan-
nis Hessenauer1, Sören Schlittenhardt1, Senthil Kumar Kuppusamy1,
Mario Ruben1,2, and David Hunger1 — 1KIT, Karlsruhe, Germany —
2CNRS-Université, Strasbourg, France
Rare earth ions (REI) doped into crystals have proven to be a promising system
for quantum information processing due to their long optical coherence time
stemming from the shielding of the partially filled 4f electron shell by the fully
occupied 5s and 5p orbitals. Yb3+ is a REI that is particularly interesting as a mi-
crowave to optical photon interface due to it being aKramers ionwith an electron
spin of 1/2. Benefits of trivalent Ytterbium are its simple energy level structure
consisting of only two electronic multiplets, as well as its favorable branching
ratio. In addition, long electron spin coherence times were observed for Yb171
due to its zero magnetic field clock transition in low symmetry crystals. Here
we investigate the optical lifetime, coherence time and optical linewidth of novel
organic molecules tailored to host REIs. Measurements are done at cryogenic
temperatures on ensembles of Yb3+ doped molecular crystal powder to test its
viability for quantum information processing tasks. We observe narrow inhomo-
geneous linewidths and individually addressable subspecies sensitive to different
excitation wavelengths.

Q 23.37 Tue 17:00 Tent B
A nanosecond pulsed light source as pump source for narrowband, decorre-
lated photon pairs — ∙Jasmin Sommer, Michelle Kirsch, Kai Hong Luo,
Harald Herrmann, and Christine Silberhorn — Universität Paderborn,
Integrated Quantum Optics, Institute for Photonic Quantum Systems (PhoQS),
Warburger Str. 100, D-33098 Paderborn
Narrowband and spectrally decorrelated photon pairs are a prerequisite formany
applications in quantum processing. A common way to generate single photon
pairs is to use parametric down conversion (PDC) sources. Exploiting cluster-
ing within a cavity allows the generation of spectrally narrowband photon pairs.
Decorrelated pure states can be further obtained by pumping the source with
pulses of well-defined properties. We have developed a pump source dedicated
for pumping cavity-enhanced PDC in a periodically poledwaveguide in LiNbO3.
To generate photon pairs in the telecom range, this requires Gaussian shaped
pulses around 775 nm with an adjustable pulse length in the nanosecond range.
We have constructed such a pump source starting with a cw laser at 1550 nm.
An electro-optical modulator is used to generate specifically tailored pulses of
well-defined duration. These are amplified in erbium doped fiber amplifiers and
converted to the 775 nm range via second harmonic generation in a periodically
poled bulk LiNbO3 crystal. We report details on the design and characterization
of the pump source and initial experiments towards the generation of decorre-
lated photon pairs.
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Q 23.38 Tue 17:00 Tent B
Quantum pulse gate conversion efficiency — ∙Dana Echeverría-Oviedo1,
Hiroko Tomoda2, Felix Moor1, Michael Stefszky1, Benjamin Brecht1,
and Christine Silberhorn1 — 1Paderborn University, Integrated Quantum
Optics, Institute of Photonic Quantum Systems (PhoQS), Warburger Str. 100,
33098, Paderborn, Germany. — 2Department of Applied Physics, School of En-
gineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656,
Japan
The quantum pulse gate (QPG) is a dispersion-engineered guided-wave de-
vice, based on sum-frequency generation (SFG) between spectrally shaped light
pulses. It can implement time-frequency mode-selective projections of single
photons on user-defined modes. These are useful for quantum applications in,
e.g., metrology, communications and simulations, where high efficiencies are
crucial. The SFG conversion efficiency η, that is the ratio between the number
of upconverted photons over the number of input photons (assuming no pump
depletion and neglecting propagation losses), is given by η = sin2(ηnormPp L),
where ηnorm is η normalized per pump power Pp and sample length L. Consider-
ing identical experimental conditions (geometry and material of the waveguide;
spatial, temporal and spectral overlap; and pulse characteristics) to increase η it
is necessary to increase L, which is a challenge due to the accumulation of fabri-
cation inhomogeneities of longer samples. In this work, we measured η of a 71
mm long QPG, the longest reported until now, which reaches η of up to 64% for
a Pp of only 12.5 mW. Here, we report on the progress of the project.

Q 23.39 Tue 17:00 Tent B
Hong-Ou-Mandel interference in the spectral domain — ∙Patrick Folge,
Abhinandan Bhattacharjee, Michael Stefszky, Benjamin Brecht, and
Christine Silberhorn — Paderborn University, Integrated Quantum Optics,
Institute for Photonic Quantum Systems (PhoQS), Warburger Straße 100, 33098
Paderborn, Germany
The Hong-Ou-Mandel (HOM) effect describes the quantum interference of in-
distinguishable photons on a beam splitter, and is one of the most celebrated
effects in quantum optics. It provides a fundamental building block of many
technological applications, including linear optical quantum computation and
(Gaussian) boson sampling. In this work we explore the implementation of
HOM type effects in the spectral domain of optical fields, which could help
in the efforts of scaling up the dimensionality of the mentioned technologies.
Our spectral domain approach achieves the required beam splitter like opera-
tion between different frequency bins, using a so called multi-output quantum
pulse gate (mQPG). This is a frequency conversion based device, implemented
in dispersion engineered LiNbO3 waveguides, which allows to interfere pro-
grammable superpositions of frequency bins in different output frequency chan-
nels. In our scheme we consider frequency entangled photon pairs generated in
a type-0 parametric down conversion source as the input to the frequency beam
splitter to observe the bunching in the output channels of the mQPG. Here, we
report the progress of this ongoing project.

Q 23.40 Tue 17:00 Tent B
Designing a two-output Quantum Pulse Gate— ∙Theresa Keuter, Patrick
Folge, Laura Serino, Benjamin Brecht, and Christine Silberhorn —
Paderborn University, Integrated Quantum Optics, Institute of Photonic Quan-
tum Systems (PhoQS) Warburger Str. 100, 33098 Germany
Time-frequency modes serve as a versatile basis for numerous quantum tech-
nology protocols. Yet, the simultaneous detection of distinct time-frequency
modes poses a significant challenge. Addressing this issue, a multi-output quan-
tum pulse gate (mQPG) has recently been implemented, which has the capability
to map different time-frequency modes to distinct output frequencies, enabling
their separation. The mQPG was implemented in dispersion-engineered peri-
odically poled LiNbO3 waveguides by alternating between poled and unpoled
regions, generating multiple phase-matching peaks corresponding to different
output frequencies. However, this approach is not optimized for maximal con-
version efficiencies due to the presence of unpoled regions in the waveguide. In
scenarios where the mQPG operates on quantum states, such as those generated
by parametric down conversion, maximizing conversion efficiencies is desire-
able. Here, we explore an alternative approach by modulating the poling struc-
ture with a square wave, which promises higher efficiencies. We focus on the
design and optimization of mQPGs with two output channels. We investigate
the influence of various parameters on the resulting efficiencies and report on
the progress of our ongoing project.

Q 23.41 Tue 17:00 Tent B
Fabrication of a surface-electrode ion trap for quantum information
processing — ∙Nora D. Stahr1,3, Jacob Stupp1,3, Eike Iseke2, Nila
Krishnakumar2, Friederike Giebel2, Konstantin Thronberens2, Chloë
Allen-Ede1,3, Amado Bautista-Salvador2, and Christian Ospelkaus1,2,3
— 1Leibniz Universität Hannover, Germany — 2Physikalisch-Technische Bun-
desanstalt, Braunschweig, Germany — 3Laboratory of Nano and Quantum-
Engineering, Hannover, Germany
Surface-electrode ion traps are a promising platform for the realisation of quan-

tum computers, as the underlying microfabrication techniques are scalable [1].
The MIQRO project is developing surface-electrode ion traps for scalable quan-
tum computers that utilise microwave fields and static magnetic fields for quan-
tum logic gates [2]. For future applications, the number of integrated electrodes
needs to be increased and additional functional units are required to be inte-
grated into the ion trap substrates to enable better connectivity and optimised
optical access. In addition, the assembly and connection technology needs to be
adapted to the increasing requirements. We present microfabrication techniques
for the production of multi-layer quantum processor chips [3] with the aim of
implementing different technologies in one process flow.

[1] S. Seidelin et al., Physical Review Letters 96, 253003 (2006). [2] F. Mintert,
& C. Wunderlich, Physical Review Letters 87, 257904 (2001). [3] A. Bautista-
Salvador et al., New Journal of Physics 21, 043011 (2019).

Q 23.42 Tue 17:00 Tent B
Phase transition and higher-order mean-field theory of chiral waveg-
uide QED — ∙Kasper Jan Kusmierek1, Max Schemmer2, Sahand
Mahmoodian3, and Klemens Hammerer4 — 1Institute for Theoretical
Physics, Leibniz University Hannover, Germany— 2Istituto Nazionale di Ottica
del ConsiglioNazionale delle Ricerche (CNR-INO), 50019 Sesto Fiorentino, Italy
— 3Centre for Engineered Quantum Systems, School of Physics, The University
of Sydney, Sydney, NSW 2006, Australia — 4Institute for Theoretical Physics,
Leibniz University Hannover, Germany
Waveguide QED with cold atoms provides a potent platform for the study of
non-equilibrium, many-body, and open-system quantum dynamics. Even with
weak coupling and strong photon loss, the collective enhancement of light-atom
interactions leads to strong correlations of photons arising in transmission. Here
we apply an improvedmean-field theory based on higher-order cumulant expan-
sions to describe the experimentally relevant, but theoretically elusive, regime of
weak coupling and strong driving of large ensembles. We determine the trans-
mitted power, squeezing spectra and the degree of second-order coherence. In
the regime of very large drive and atom numbers we observe an non-equilibrium
phase transition. This reveals the important role of many-body and long-range
correlations between atoms in steady state.

Q 23.43 Tue 17:00 Tent B
Superradiant bursts of light from cascaded quantum emitters: Theoretical
modelling of photon-photon correlations — Constanze Bach, Christian
Liedl, Arno Rauschenbeutel, Philipp Schneeweiss, and ∙Felix Tebbenjo-
hanns—Department of Physics, Humboldt-Universität zu Berlin, 10099 Berlin,
Germany
A fully inverted ensemble of two-level emitters coupled to a common radiation
mode emits its energy as a superradiant burst of light [1]. Recently, we have ob-
served experimentally that a similar collective dynamics prevails in the case of a
cascaded quantum system [2]. Due to the large number of up to 1200 emitters,
the theoretical modeling of our experiments is challenging. Here, we present two
novel numerical models with favorable computational complexity that allow us
to quantitatively predict the observed burst dynamics. The first model approxi-
mates the light field between adjacent atoms as a probabilistic mixture of coher-
ent states. This mixed coherent state approximation (MCSA) correctly predicts
the emitted power and the field-field correlations. In addition, we implement the
discrete truncated Wigner approximation, which was recently developed in [3].
This inherently stochastic model agrees with the predictions of our MCSA and
additionally computes the photon-photon correlations, in agreement with our
experimental data. In the future, we plan to test the applicability of our models
to other experiments with cascaded quantum systems.

[1] R. H. Dicke, Phys. Rev. 93, 99 (1954).
[2] C. Liedl et al., arXiv:2211.08940 (2023).
[3] C. D. Mink and M. Fleischhauer, arXiv:2305.19829 (2023).

Q 23.44 Tue 17:00 Tent B
Chromatic suppression of spontaneous emission— ∙Thomas Lafenthaler1,
Yannick Weiser1, Tommaso Faorlin1, Lorenz Panzl1, Rainer Blatt1,2,
Thomas Monz1,3, and Giovanni Cerchiari1,4 — 1Institut für Experimental-
physik, Universität Innsbruck, Technikerstrasse 25, 6020 Innsbruck, Austria —
2Institut für Quantenoptik undQuanteninformation, Technikerstrasse 21a, 6020
Innsbruck, Austria — 3AQT, Technikerstraße 17, 6020 Innsbruck, Austria —
4Department of Physics, University of Siegen, Walter-Flex-Str. 3, 57068 Siegen,
Germany
We control the spontaneous emission of trapped Ba+ Ions with reflective bound-
ary conditions. By reflecting the fluorescence light of the ion onto itself, the sin-
gle photons emitted by the ions interfere with themselves, making it possible to
control the emission rate. The control depends on the solid angle in which the
emitted photons are retro-reflected and, to achieve complete control, we utilize
a hemispherical mirror that can oversee the ion from every direction of space.
When themirror radius is adjusted to obtain destructive interference at the emit-
ted photons wavelength, fluorescence, and consequently, the corresponding en-
ergy transition, can be suppressed. Here, I present our current effort to control
the decay of the 6p1/2 state of the Ba+ ion which can relax by emitting 493 nm or
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650 nm photons. Our aim is to demonstrate control over the decay branching ra-
tio, which could find application in other experiments, for example, to suppress
an unwanted relaxation branch or simplify its energy structure.

Q 23.45 Tue 17:00 Tent B
Multi-commodity transport and the role of the dynamical metric— ∙Joshua
Ganz, GiovannaMorigi, and Frederic Folz— Theoretische Physik, Univer-
sität des Saarlandes, 66123 Saarbrücken, Germany
The interplay of nonlinear dynamics and noise is at the basis of coherent
phenomena, such as stochastic resonance, synchronization, and noise-induced
phase transitions. While the effect of noise in these phenomena has been par-
tially analyzed, the impact of the specific form of the nonlinear dynamics on
noise-induced phase transitions is unknown. In this work, we analyze multi-
commodity transport on a noisy network where the nonlinearity enters through
a dynamical metric that depends nonlinearly on the local current. We determine
network self-organization for different functional forms of the metric in a geom-
etry of constraints simulating two transportation demands. We perform an ex-
tensive study of the emerging network topologies for the deterministic case and
for the case of adding Gaussian noise to the nonlinear dynamics. To characterize
the network topologies, we introduce performance measures such as robustness.
We show that the resulting dynamics exhibits noise-induced resonances, which
manifest as self-organization into the most robust network with a resonant re-
sponse to a finite value of the noise amplitude. We analyze in detail the specific
features and perform a comparative assessment. Our study sheds light on the
interplay between nonlinear dynamics and stochastic forces, highlighting how
their joint effect determines noise-induced coherence.

Q 23.46 Tue 17:00 Tent B
Multiwavelength Characterization of Polarization Optics for Broadband
Superconducting Detector Calibration — ∙Isabell Mischke, Timon
Schapeler, and Tim Bartley — Institute for Photonic Quantum Systems,
Department of Physics, Paderborn University, Warburger Str. 100, 33098 Pader-
born, Germany
Intrinsically, superconducting detectors can detect a broad spectrum. But it re-
mains an open question whether the detector behaves the same to one photon at
a certain energy or two photons of half the energy. To investigate the difference
in the behaviour, it is important to understand the operation of the detector for
different wavelengths. Our aim is the multiwavelength characterization of su-
perconducting nanowire single-photon detectors (SNSPDs), with respect to the
polarization and wavelength dependence of the setup. This requires exploring
the wavelength and polarization dependence of all components, to extract the
intrinsic spectral response of the SNSPD alone. We present initial data towards
this aim.

Q 23.47 Tue 17:00 Tent B
Light propagation through ensembles of nuclear two-level systems— ∙Deniz
Adigüzel, Miriam Gerharz, and Jörg Evers — Max-Planck-Institut für
Kernphysik, Heidelberg, Germany
Recent experiments at X-ray free electron lasers allow one to access new excita-
tion regimes. The light-matter interactions can be studied by solving the optical-
Bloch equations. Observing an ensemble of atoms, the light is scattered off of
these atoms either coherently or incoherently. By comparing the intensities of
these quantities, one can show that in the low-excitation regime their ratio re-
mains constant in time[1]. However, [1] focused on settings in which propaga-
tion effects could be neglected. Here we study the light propagation through an
ensemble of atoms beyond the low excitation regime in situations in which prop-

agation effects are of relevance and compare the coherent/incoherent radiation.
[1] L. Wolff and J. Evers. ”Characterization and detection method for x-ray

excitation of Mössbauer nuclei beyond the low-excitation regime”, Physical Re-
view A 108(4), 043714 (2023)

Q 23.48 Tue 17:00 Tent B
Fabrication of Solid Immersion Lenses for the cryogenic Investigation of
the NV center — ∙Judith de Vries, Katharina Senkalla, Stefan Dietel,
Michael Olney-Fraser, Lev Kazak, and Fedor Jelezko — Institute for
Quantumoptics, Ulm University, Ulm, Germany
TheNitrogen-Vacancy (NV) center in diamond has shown great potential for ap-
plications in quantum information processing, sensing, and imaging. A known
application of NV center in cryogenic environment is the quantum repeater. As
the entanglement rate is limited by the photon-collection efficiency of the NV
centers, improving this efficiency through the use of solid immersion lenses can
greatly enhance the performance of quantum repeaters. Here we investigate the
performance of the fabricated SILs in particular in cryogenic environment.

Q 23.49 Tue 17:00 Tent B
Investigations of fluorescence lifetimes, thermal lensing, and laser perfor-
mance of directly diode pumped cw ruby laser — Carsten Reinhardt and
∙Sönke Metelmann — Hochschule Bremen City University of Applied Sci-
ences
Recently, the first laser ever, Maiman*s 694 nm ruby laser, regained new interest
due to successful cw operation by pumping with high-power 405 nm laserdiodes
[1]. Investigation on compact plane-plane Ruby laser[2] indicate stabilization of
the resonator by thermal lensing, induced by the pump laser diode. Here we
present results of studies on pump laserdiode performances for optical pump-
ing of ruby crystals. Temperature dependend fluorescence lifetimes have been
measured for different pump powers. First results on measurements of thermal
lensing are presented. [1] W. Luhs, B. Wellegehausen; Diode pumped cw ruby
laser, OSA Continuum 184, Vol.2, No.1 (2019) [2] W. Luhs, B. Wellegehausen;
Diode pumped compact single frequency cw ruby laser, J. Physics Communica-
tions 7 (2023) 0055007

Q 23.50 Tue 17:00 Tent B
Bridging Quantum Optics and Environmental Physics: Insights into Argon
Trap Trace Analysis — ∙Magdalena Winkelvoss and Alexandra Beikert
—Kirchhoffinstitut für Physik Heidelberg
Tracer experiments are an important tool to understand environmental trans-
port processes. A particularly widely used class of tracers are radioactive iso-
topes, which can be used for dating. 39Ar has a half life of 268 years making it
suitable for the time range of 50 to 1000 years and dating processes like ocean
circulation or glacier flow. But as the relative abundance of 39Ar is in the range
of 10−16, a ultra sensitive and selective detection method is required. This can be
done by Argon Trap Trace Analysis (ArTTA), by capturing single 39Ar atoms in
a magneto-optical trap (MOT). Here, the slight difference in excitation frequen-
cies between the different isotopes is exploited. In combination with the high
number of scattered photons, this gives a high isotopic selectivity and makes
ArTTA an ideal method for dating 39Ar.

Opposed tomany other atom trapping experiments the amount of 39Ar is lim-
ited due to sample size, thus it is important to capture a high percentage of the
atoms. With this poster we present the working principle of the ArTTA tech-
nique and will highlight the challenges of addressing argon atoms. Specifically,
we will address the most crucial challenges of the measurement technique: the
atom beam collimation and focusing apparatus to reach a high trapping rate in
the MOT.

Q 24: Poster II
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Q 24.1 Tue 17:00 KG I Foyer
Spectroscopy of Heteronuclear Xenon-Noble Gas Dimers - Towards Bose-
Einstein Condensation of VUV-Photons — ∙Eric Boltersdorf, Thilo vom
Hövel, Jeremy Andrew Morín Nenoff, Frank Vewinger, and Martin
Weitz—University of Bonn, Institute for Applied Physics, 53115 Bonn
Photons confined in a dye-filled optical microcavity can exhibit Bose-Einstein
condensation upon thermalization through repeated absorption and (re-
)emission processes by the dye molecules. This has been experimentally demon-
strated for photons in the visible spectral regime in 2010. In this work, an ex-
perimental approach is investigated to realize Bose-Einstein condensation of
vacuum-ultraviolet (100 nm-200 nm; VUV) photons via repeated absorption
and (re-)emission cycles between two electronic state manifolds of xenon-noble
gas excimer molecules in dense gaseous ensembles (pressure of up to 100 bar).
(Re-)emission and absorption to achieve thermalization are considered to occur
between the quasi-molecular states associated with the xenon 5p6 and 5p56s(J =

1) states, respectively. We plan to pump the photon gas inside a high-pressure
optical microcavity with light at near 129 nm wavelength, which can be gener-
ated by third-harmonic generation of near-ultraviolet light around 387 nm. The
pump drives the 5p6 → 5p56s(J = 1) transition in xenon. We report on the
results of spectroscopic measurements, indicating the formation of heteronu-
clear noble gas excimers. Also, the fulfillment of the thermodynamic Kennard-
Stepanov relation, a fundamental prerequisite for a gas to serve as a thermaliza-
tion medium, has been successfully investigated.

Q 24.2 Tue 17:00 KG I Foyer
Realization of Effective Interactions in Bose-Einstein Condensates of Pho-
tons — ∙Niels Wolf, Andreas Redmann, Christian Kurtscheid, Frank
Vewinger, Julian Schmitt, and Martin Weitz — Institut für Angewandte
Physik, Universität Bonn, Wegelerstr. 8, D-53115 Bonn, Germany
Bose-Einstein condensation can be observed with ultracold atomic gases, po-
laritons, and since about a decade ago also with low-dimensional photon gases.
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In atomic Bose-Einstein condensates thermal equilibrium is obtained by inter-
particle collisions. Since photon-photon interactions remain vanishingly small
in the experimental cavity system, thermalization of photons is achieved via
thermal contact of the photons with molecules in liquid solution filled into a
microcavity [1]. Nevertheless, via strong photon-photon interaction, i.e. a Kerr-
interaction, lattices of photon gases could in future enable the creation of highly
entangled resource states for multiple partner quantum connectivity [2].

Our experiment uses a triply resonant optical parametric oscillator setup,
which independently controls cavities for the pump and subharmonic wave-
length respectively. In this way, a Kerr-nonlinearity originating from cascaded
second order nonlinearities to subharmonics of the incident optical radiation has
been experimentally demonstrated.
[1] J. Klaers et al., Nature 468, 545 (2010) [2] C. Kurtscheid et al., Science 366,

894 (2019)

Q 24.3 Tue 17:00 KG I Foyer
Dimensional Crossover in a Quantum Gas of Light — ∙Kirankumar Kark-
ihalli Umesh1, Julian Schulz2, Julian Schmitt1, Martin Weitz1, Georg
von Freymann2,3, and FrankVewinger1 — 1Institut für Angewandte Physik,
Universität Bonn, Wegelerstrasse 8, 53115 Bonn, Germany — 2Physics Depart-
ment and Research Center OPTIMAS, RPTU Kaiserslautern Landau, 67663
Kaiserslautern, Germany — 3Fraunhofer Institute for Industrial Mathematics
ITWM, 67663 Kaiserslautern, Germany
We experimentally study the properties of a harmonically trapped photon gas
undergoing Bose-Einstein condensation along the dimensional crossover from
one to two dimensions. The photons are trapped inside a dye microcavity, where
polymer nanostructures provide a harmonic trapping potential for the photon
gas. By varying the aspect ratio of the trap we tune from an isotropic two-
dimensional confinement to an anisotropic, highly elongated one-dimensional
trapping potential. Along this transition, we determine caloric properties of the
photon gas, and find a softening of the second-order Bose-Einstein condensa-
tion phase transition observed in two dimensions to a crossover behaviour in
one dimension.

Q 24.4 Tue 17:00 KG I Foyer
Observation of topological edge states of photons by controlled coupling
to the environment — ∙Nikolas Longen1, Helene Wetter2, Michael
Fleischhauer3, Stefan Linden2, and Julian Schmitt1 — 1Institut für Ange-
wandte Physik, Universität Bonn, Wegelerstr. 8, 53115 Bonn, Germany —
2Physikalisches Institut, Universität Bonn, Nussallee 12, 53115 Bonn, Germany
— 3Fachbereich Physik, RPTU Kaiserslautern-Landau, Erwin-Schrödinger Str.
46, 67663 Kaiserslautern, Germany
Topology is an important paradigm for our understanding of phases of matter in
condensed matter, cold atoms and photonic systems. Here we present a new ap-
proach to realize topological states, which result from coupling the system to an
environment. In a proof-of-principle study, we first eperimentally demonstrate
open-system topological states using a plasmon-polariton waveguide plattform.
The underlying, a priori topologically trivial lattice consists of a unit cell of four
lattice sites which is equipped with spatially varied losses leading to a topologi-
cal band structure. By tuning the hopping and the dissipation in the waveguide
system, we observe both the emergence and the breakdown of a localized topo-
logical edge state. Moreoever, we present ongoing work, in which we develop an
experimental platform to study non-Hermitian topological states in lattices of
photon Bose-Einstein condensates within a dye-filled optical microcavity. The
coupling to the reservoir of dye molecules here allows for gain, thermalization
and tunable coherence properties of the photons, opening new pathways for the
exploration of topological states in open systems.

Q 24.5 Tue 17:00 KG I Foyer
Collective oscillationmodes of dipolar quantumdroplets— ∙DenisMujo and
Antun Balaž—Center for the Study of Complex Systems, Institute of Physics
Belgrade, University of Belgrade, Serbia
Since the first experimental realization of quantum droplets in dipolar Bose sys-
tems [1], it was shown [2] that they are stabilized against the collapse due to
quantum fluctuations that correspond to the shift of the chemical potential [3].
We examine the behavior of collective oscillation modes of self-bound dipolar
quantum droplets using a variational and numerical approach. We focus on
cylindrically symmetric states and variationally derive frequencies and eigenvec-
tors of low-lying collective modes, i.e., the breathing and the quadrupole mode.
The obtained results are compared to full 3D numerical simulations based on the
extended Gross-Pitaevskii equation, which includes both the quantum fluctua-
tion and condensate depletion terms.
[1] H. Kadau et al., Nature 530, 194 (2016).
[2] I. Ferrier-Barbut et al., Phys. Rev. Lett. 116, 215301 (2016).
[3] A. R. P. Lima and A. Pelster, Phys. Rev. A 84, 041604(R) (2011);

Phys. Rev. A 86, 063609 (2012).

Q 24.6 Tue 17:00 KG I Foyer
String Theory Applied: The Holographic Superfluid in One Spatial Di-
mension — ∙Florian Schmitt1, Gregor Bals2, Andreas Samberg2,3,
Carlo Ewerz2,3, and Thomas Gasenzer2,1 — 1Kirchhoff-Institut für Physik,
Ruprecht-Karls-Universität Heidelberg, Im Neuenheimer Feld 227, 69120 Hei-
delberg, Germany — 2Institut für Theoretische Physik, Universität Heidelberg,
Philosophenweg 16, 69120 Heidelberg — 3ExtreMe Matter Institute EMMI, GSI
Helmholtzzentrum für Schwerionenforschung, Planckstraße 1, 64291 Darm-
stadt
This contribution is concerned with the investigation of non-equilibrium dy-
namics of superfluids in one spatial dimension enabled by the holographic de-
scription in terms of field theory in higher-dimensional black-hole-anti-de-Sitter
spacetimes. We perform numerical solutions, applying the famous AdS/CFT
duality of string and large-N field theory in a bottom-up fashion. Following
the principles of holography this leads us to a way of calculating dynamics
matched to the standard Gross-Pitaevskii-equation (GPE) based methods. The
one-dimensional holographic superfluid is of peculiar fashion due to the renor-
malization needed on the boundary, which is due to the Weyl anomaly on the
boundary not only consisting of the expected central charge. Of particular inter-
est to us are topological defects, therefore we imprint solutions to the GPE, such
as solitons, onto the superfluid and investigate how they evolve.

Q 24.7 Tue 17:00 KG I Foyer
Ultracold Quantum Gases in Spatially and Temporally Engineered Environ-
ments— ∙Erik Bernhart, Marvin Röhrle, MarcoDecker, Jian Jiang, and
HerwigOtt—Department of Physics and Research Center OPTIMAS, RPTU
Kaiserslautern-Landau, 67663 Kaiserslautern, Germany
Ultracold quantum gas experiments combined with high resolution and highly
controllable optical techniques offer a unique platform to study quantum phe-
nomena in driven quantum systems. Here, we report on the experimental re-
alization of a Kapitza trap for ultracold 87Rb atoms, where the dynamical sta-
bilization of the atomic motion by a time periodically modulated potential is
demonstrated. While the time average of the potential vanishes, the correspond-
ing Floquet-Hamiltonian results in a non-trivial effective time independent po-
tential, which acts as a trap for the atoms.

To continue the investigations on driven systems and extend them to trans-
port processes in timemodulated optical potentials, we have upgraded our setup,
which now combines a scanning electron microscope and a high resolution op-
tical objective, through which we can imprint arbitrary repulsive potential land-
scapes, generated by an AOD. We have implemented a weakly coupled bosonic
Josephson junction, with tunable andmovable tunneling barrier and benchmark
our system by observing the DC Josephson effect.

Q 24.8 Tue 17:00 KG I Foyer
Anomalous non-thermal fixed point in a quasi-2d dipolar Bose gas —
∙Niklas Rasch1, Santo Maria Roccuzzo1,2, Wyatt Kirkby1,2, Lauriane
Chomaz2, and ThomasGasenzer1,3 — 1Kirchhoff-Institut für Physik, Univer-
sität Heidelberg, Im Neuenheimer Feld 227 — 2Physikalisches Institut, Univer-
sität Heidelberg, Im Neuenheimer Feld 226 — 3Institut für Theoretische Physik,
Universität Heidelberg, Philosophenweg 16
In this work we focus on anomalous non-thermal fixed-points in the tempo-
ral evolution of a 2d dipolar Bose gas, exhibiting slow, subdiffusive coarsening
characterized by algebraic growth of a characteristic length scale L(t) ∼ tβ with
β ≪ 1/2. Starting from variously sampled vortices on a uniform background, we
evolve the Bose gas using the semi-classical truncated-Wigner approach. In the
classical regime we reproduce the anomalous scaling exponent β ≃ 1/5 known
from the single-component Bose gas with contact interactions, for various dipo-
lar strengths and tilting angles. In the quantum regime we also recover such
anomalously slow, subdiffusive scaling but find a dependence on the tilting an-
gle, which leads to different scaling exponents and less stable scaling regimes.
Within a quasi-2d setting, we analyze the dependence of the observed scaling
exponents on the effects of anisotropy and on the long-range nature of the dipo-
lar interaction. Anisotropy in the vortex configuration emerges; however, it is
not reflected in the self-similar scaling. We focus on the role of vortex (anti-
)clustering and observe regimes of strong clustering without correlation with
the emergence of anomalously slow scaling.

Q 24.9 Tue 17:00 KG I Foyer
A new dysprosium quantum gas experiment — ∙Lucas Lavoine1, Jens
Hertkorn1, Paul Uerlings1, Kevin Ng1, Fiona Hellstern1, Tim
Langen1,2, Ralf Klemt1, and Tilman Pfau1 — 15. Physikalisches Institut,
Universität Stuttgart — 2Atominstitut, TU Wien
Dysprosium offers the possibility to study degenerate quantum gases with
anisotropic and long-range dipolar interactions competing with contact interac-
tions. Tuning the relative interaction strength has led to the observation of new
many-body states, including droplets and supersolids. While most of the experi-
ment have been done in one-dimensional traps, recent theoretical works predict
an exotic phase diagram in two-dimensional traps (2D), including honeycomb,
labyrinthine, supersolid phases. The labyrinthine patterns are characterized by
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amorphous spatial structures consisting of elongated and bent density stripes
and support superfluid flows along the stripes. We have recently built up a new
dysprosiummachine. With our new setup, we produce large Bose-Einstein con-
densates (BEC) with faster cycle times. By means of a high-NA (0.5) objective
and a phase-contrast imaging technique, we are able to resolve spatial structures
of about 0.5 micrometers. We plan to load the BEC in tailored potentials made
by a digital micro-mirror device (DMD) with the aim to explore both the phase
diagram of a 2D dipolar quantum gas and study the superfluid properties of the
supersolid states by means of persistent currents in rotating ring-shaped poten-
tials. On this poster we present the new experimental setup and report our recent
experimental achievements.

Q 24.10 Tue 17:00 KG I Foyer
Resummations of the two-particle irreducible quantum effective action —
∙Hannes Köper1 and Thomas Gasenzer1,2 — 1Kirchhoff-Institut für Physik,
Im Neuenheimer Feld 227, 69120 Heidelberg — 2Institut für Theoretische
Physik, Philosophenweg 16, 69120 Heidelberg
The two-particle irreducible quantum effective action can be formulated in terms
of the Luttinger-Ward functional, which is diagrammatically given by the se-
ries of all two-particle irreducible vacuum Feynman diagrams. In this work,
we reformulate infinite series of vacuum Feynman diagrams for scalar quantum
field theories, whose potentials admit discrete frequency spectra such as the sine-
Gordon model, in terms of spin systems on graphs. While the frequencies of the
potential directly correspond to the possible spin values, the graph’s topology is
tightly connected to the class of vacuum diagrams that is being summed over.
Different graph topologies thus correspond to different selective resummations
of diagrams. In particular, cycle graphs correspond to "ring"-type resummations
often encountered in next-to-leading order in 1/N expansions. This allows us
to compute a closed form expression for the Luttinger-Ward functional within
"ring-approximation" in terms of the eigenvalues of an associated transfer op-
erator. We also present how the formalism may be applied to polynomial and
O(N)-symmetric potentials.

Q 24.11 Tue 17:00 KG I Foyer
Optical quantum gases in box and ring potentials — ∙Patrick Gertz, Leon
Espert Miranda, Andreas Redmann, Kirankumar Karkihalli Umesh,
Frank Vewinger, Martin Weitz, and Julian Schmitt — Institut für Ange-
wandte Physik, Universität Bonn, Wegelerstraße 8, 53115 Bonn, Germany
Quantum gases provide exquisite experimental control over dimensionality,
shape of the energy landscape or the coupling to reservoirs, which opens the
door to investigate novel states of matter both in and out of equilibrium. Here
we report on the experimental realization of a quantum gas of photons inside
box and ring-shaped potentials within a dye-filled optical microcavity. The trap-
ping potential for the particles is provided by imprinting static nanostructures
on the cavity mirror surface using a laser-induced delamination of the mirror
coating. In a corresponding box-shaped cavity geometry, we have realized a 2D
optical quantum gas at room temperature with uniform density and measured
its compressibility and equation of state. In more recent work, we have achieved
the quasi-1D, periodically closed confinement of photon gases in ring poten-
tials. Prospects of this work include studies of the Kibble-Zurek mechanism and
of flux qubits.

Q 24.12 Tue 17:00 KG I Foyer
Low-Energy Effective FieldTheory for a Spin-1 BECFar FromEquilibrium—
∙Anna-Maria Elisabeth Glück, Ido Siovitz, Hannes Köper, and Thomas
Gasenzer—Kirchhoff-Institut für Physik, Ruprecht-Karls-Universität Heidel-
berg, Im Neuenheimer Feld 227, 69120 Heidelberg
The spin-1 Bose gas quenched far from equilibrium displays remarkable uni-
versal spatio-temporal self-similar scaling, which we hypothesize to be due to
the system’s vicinity to a non-thermal fixed point during its evolution back to
equilibrium. This study introduces a low-energy effective field theory for the de-
scription of the phase-excitation dynamics in a one-dimensional spin-1 Bose gas
following a quench from the polar to the easy-plane phase. In particular, we ex-
plore the incorporation of density fluctuations beyond the 1-loop order. Through
numerical simulations, we subsequently compare the far-from-equilibrium scal-
ing behavior of the effective theory to that of the fundamental theory.

Q 24.13 Tue 17:00 KG I Foyer
Pattern formation in dipolar quantum gases — ∙Andreea-Maria Oros1,
Niklas Rasch1, Wyatt Kirkby1,2, Lauriane Chomaz2, and Thomas
Gasenzer1,3 — 1Kirchhoff-Institut für Physik, Universität Heidelberg, Im
Neuenheimer Feld 227 — 2Physikalisches Institut, Universität Heidelberg, Im
Neuenheimer Feld 226 — 3Institut für Theoretische Physik, Universität Heidel-
berg, Philosophenweg 16
Ultracold dipolar gases have garnered increasing interest over the past years.
The anisotropic and long-range character of the dipolar interaction and the sta-
bilizing nature of LHY corrections give rise to supersolidity, superglasses, and
exotic states of matter. Different supersolid ground states, such as triangular,
honeycomb, or even labyrinthine ones, were already theoretically predicted, de-

pending on the atom number, scattering length, and trapping frequency. Our
work expands on these phases by considering the out-of-equilibrium dynamics
of a harmonically trapped, three-dimensional dipolar condensate. Following a
quench in the scattering length across a phase transition boundary, we inves-
tigate the dynamical formation of supersolids, including those exhibiting novel
crystalline structures. We further search for far-from-equilibrium phenomena,
e.g., non-thermal fixed points, self-similar scaling, and the spontaneous forma-
tion of vortices in the pattern-forming regime. At the moment, quenches into
the triangular and stripe phases have proven to be successful and promise in-
sights into new physics, where time oscillations akin to a quadrupole mode of
the droplets have been observed.

Q 24.14 Tue 17:00 KG I Foyer
Dynamical phases emerging from light-mediated interaction — ∙Anton
Bölian1, Phatthamon Kongkhambut1, Jim Skulte1, Ludwig Mathey1,
Jayson G. Cosme3, Hans Kessler2, and Andreas Hemmerich1 — 1Zentrum
für Optische Quantentechnologien and Institut für Quantenphysik, Universität
Hamburg, Germany. — 2Physikalisches Institut der Universität Bonn, Germany.
— 3National Institute of Physics, University of the Philippines, Diliman, Quezon
City, Philippines.
We are experimentally exploring the light-matter interaction of a Bose-Einstein
condensate (BEC) with a single light mode of an ultra-high finesse optical cavity.
The key feature of our cavity is the very small field decay rate (κ/2π = 3.5 kHz),
which is in the order of the recoil frequency (ωrec/2π = 3.6 kHz). This leads to
a unique situation of a recoil-resolved cavity. Pumping the system with a steady
state light field, red detuned with respect to the atomic resonance, the Dicke
model is implemented including the self-organisation phase transition. Start-
ing in the self-ordered superradiant phase and modulating the amplitude of the
pumpfield, we observe a dissipative discrete time crystal, whose signature is a ro-
bust subharmonic oscillation between two symmetry-broken states. Modulation
of the phase of the pump field gives rise to an incommensurate time crystalline
behaviour. For a blue-detuned pump light with respect to the atomic resonance,
we observe limit cycles (LCs). Since the pump protocol is time-independent,
the emergence of LCs demonstrates the breaking of continuous time-translation
symmetry.

Q 24.15 Tue 17:00 KG I Foyer
A Digital Micromirror Device setup and feedback algorithm for enhanced
control of two-dimensional potentials in cold atoms experiments— ∙Marcel
Kern, Marius Sparn, Nikolas Liebster, Elinor Kath, Jelte Duchêne,
Helmut Strobel, and Markus Oberthaler—Kirchhoff-Institut für Physik,
Heidelberg, Deutschland
Spatial light modulators are widely used in ultracold atom experiments to pro-
duce arbitrary optical traps. A seemingly simple, but important example is the
box potential. Also, for dynamic processes, such as the injection of vortices,
more complicated, time-dependent potentials are needed. However, imperfec-
tions in the incident light and projection system perturbs the expected potential,
requiring finer control of the light potential along with active correction.

In our two-dimensional Bose-Einstein condensate (BEC) experiment of 39-
K atoms, a Digital Micromirror Device (DMD) illuminated with off-resonant
light is used to configure the in-plane potential. A second DMD that uses near-
resonant light will allow manipulations on different energy scales to optimize
the existing potential and manipulate the BEC locally. Additionally, feedback
algorithms optimizing on light and atom distributions will further increase the
quality of the created light potentials. We present the planning and characteri-
zation of a second DMD setup, as well as the optimization algorithms developed
for our experiment.

Q 24.16 Tue 17:00 KG I Foyer
Time evolution in the Bose-Hubbard model using Matrix Product States —
∙Óscar Dueñas Sánchez1 and Alberto Rodríguez1,2 — 1Departamento de
Física Fundamental, Universidad de Salamanca, E-37008 Salamanca, Spain —
2Instituto Universitario de Física Fundamental y Matemáticas (IUFFyM), Uni-
versidad de Salamanca, E-37008 Salamanca, Spain
The dynamical evolution of out of equilibrium configurations in the Bose-
Hubbardmodel is studied usingMatrix Product States and Time-Evolving Block
Decimation (TEBD). The goodness of the method is benchmarked against the
exact dynamics implemented via an expansion of the time-evolution operator
using Chebyshev polynomials for ‘small’ systems. We determine the optimal
truncation value of the onsite modes’ occupation number as a function of the
interaction strength in order to capture faithfully the short time evolution across
the chaotic phase using TEBD. Considering systems at unit density, sizes L ≳ 40,
and times t ≲ 3 (tunneling times) we analyse the fingerprint of the emergence
of the chaotic phase from the potentially diffusive spreading of density-density
correlations at early times.
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Q 24.17 Tue 17:00 KG I Foyer
A new experimental platform to explore dipolar quantum phenomena in ul-
tracold gases of magnetic atoms — Shuwei Jin, Jianshun Gao, Karthik
Chandrashekara, Christian Gölzhäuser, Sarah Philips, Joschka
Schöner, and ∙Lauriane Chomaz — Physikalisches Institut, Universität Hei-
delberg, Im Neuenheimer Feld 226
Ultracold quantum gases of highly magnetic atoms, such as dysprosium (Dy),
have opened new avenues for the study of quantum phenomena. In particular,
they bring into play the competition of anisotropic long-range dipole-dipole in-
teractions, tunable short-range contact interactions, geometry, mean-field and
beyond-mean-field effects. Mastering these competitions has led to the discov-
ery of novel many-body quantum states in recent years, including liquid-like
droplets, droplet crystals, and supersolids.

With my new group at the University of Heidelberg, we have designed and
implemented a novel compact setup in which we have successfully produced
large quantum degenerate gases of bosonic Dy atoms, achieved fine control of
the dipolar and contact interactions, and are currently mastering their imaging
with submicron resolution. We plan to load these quantum degenerate gases into
tailorable traps that cross from 3D to 2D and have versatile in-plane potentials.
Here I will present the design and implementation of our novel experimental
setup, report on our recent achievements, and discuss prospective investigations
we plan to undertake both in and out of equilibrium.

Q 24.18 Tue 17:00 KG I Foyer
Curved and Expanding Spacetimes studied with a Quantum Field Simulator
— Celia Viermann1, Marius Sparn1, Nikolas Liebster1, Maurus Hans1,
∙Elinor Kath1, Álvaro Parra-López3, Mireia Tolosa-Simeón4, Natalia
Sánchez-Kuntz5, Tobias Haas6, Christian Schmidt2, Helmut Strobel1,
Stefan Floerchinger2, and Markus K. Oberthaler1 — 1KIP, Uni Heidel-
berg, Germany — 2ITP, Uni Jena, Germany — 3DFT, Uni Madrid, Spain —
4LTPIII, Ruhr-Uni Bochum, Germany — 5ITP, Uni Heidelberg, Germany —
6CQIC, Uni libre de Bruxelles, Belgium
In most cosmological models, a rapid expansion of space in the early history of
our universe is responsible for the creation of first structures. As the description
of the involved processes is a theoretical challenge, quantumfield simulators have
proven to be valuable tools that offer an experimental approach to complex dy-
namics. We present such an experimental platform, based on a two-dimensional
BEC, in which the phononic field simulates the evolution of a free, massless,
scalar field in an FLRW spacetime. Positive and negative spatial curvatures can
be implemented through specific atomic density distributions and can be made
visible by observing the propagation of wave packets. An expanding spacetime
can be simulated by decreasing the interatomic interactions. These expansions
give rise to phononic excitations in a process analogue to cosmological particle
production. We show that a statistical analysis of the resulting density fluctua-
tion allows to differentiate between different expansion histories, which can be
understood by mapping the process onto a stationary Schrödinger equation.

Q 24.19 Tue 17:00 KG I Foyer
Spin- and momentum-correlated atom pairs mediated by photon exchange
and seeded by vacuum fluctuations— ∙Rodrigo Rosa-Medina, Fabian Fin-
ger, Nicola Reiter, Jacob Fricke, Panagiotis Christodoulou, Tobias
Donner, and Tilman Esslinger — Institute for Quantum Electronics, ETH
Zürich, 8093 Zürich, Switzerland
Engineering pairs of massive particles that are simultaneously correlated in their
external and internal degrees of freedom is a major challenge, yet essential for
advancing fundamental tests of physics and quantum technologies. Experiments
with ultracold atoms provide a versatile platform for manipulating and detecting
such correlations at a microscopic level.

In our experiment, we couple a spinor Bose-Einstein condensate of Rb-87
atoms to a high-finesse optical cavity. By leveraging the strong light-matter in-
teractions, we engineer correlated pairs of atoms both in their internal (spin) and
external (momentum) degrees of freedom through the exchange of virtual cavity
photons. The measured pair statistics are compatible with pair production being
seeded by vacuum fluctuations in the corresponding atomic modes. We observe
a collectively enhanced formation of atom pairs and demonstrate their corre-
lated nature by probing momentum-space noise correlations. Furthermore, we
optically control the interplay between unitary and competing dissipative pro-
cesses, and observe coherent pair oscillations. Our findings provide prospects
for quantum-enhanced matterwave interferometry and quantum simulation ex-
periments with correlated atoms.

Q 24.20 Tue 17:00 KG I Foyer
Polarons and bi-polarons in strongly interacting 1D Bose gases — ∙Dennis
Breu, Martin Will, and Michael Fleischhauer — Department of Physics
and Research Center OPTIMAS, University of Kaiserslautern-Landau, 67663
Kaiserslautern, Germany
We investigate the ground state, the dynamics and effective interactions of quan-
tum impurities immersed in an interacting 1DBose gas utilising TensorNetwork
simulations. The algorithm allows us to theoretically probe Bose polarons in the

regime of strong interactions in the Bose gas for the full range of Tonks param-
eters γ. We calculate the polaron binding energy as well as Born-Oppenheimer
polaron interaction potentials and bi-polaron bound states and compare them
to analytical predictions in the weak and strong coupling regimes. Furthermore
we investigate the dynamics of a single finite mass impurity inside a finite size
1D Bose gas. Here we find a crossover to a localised impurity at the edges of the
system instead of one that is spread over the whole system. Finally bymaking use
of time-evolving block decimation (TEBD) we study the dynamics of impurities
accelerated by a constant force inside a strong interacting 1D Bose gas and find
oscillations reminiscent of Bloch oscillations.

Q 24.21 Tue 17:00 KG I Foyer
Spinor Bose-Einstein condensate as Platform for Studying Extreme Wave
Events — Yannick Deller, Ido Siovitz, ∙Alexander Schmutz, Felix
Klein, Helmut Strobel, Thomas Gasenzer, and Markus K. Oberthaler
—Kirchhoff Institut for Physics, Ruprecht-Karls-University Heidelberg
Many-body systems far from equilibrium can exhibit self-similar dynamics char-
acterized by universal exponents. Studies of the 1D spinor Bose gas have shown
[1], that the value of these exponents is connectedwith the occurrence of extreme
wave excitations in themutually coupledmagnetic components. Numerical sim-
ulations showed that real-time instanton defects appear as a result of the caustics,
manifesting as spin-1 vortices in space-time. To characterize these experimen-
tally, we employ local spin-dependent phase imprints. We investigate the result-
ing deterministic excitations and their connections to real-time instantons.

[1] Siovitz at. al., PRL 131, 183402 (2023)

Q 24.22 Tue 17:00 KG I Foyer
TheQuantumGasMagnifier as aCoherenceMicroscope— ∙Mathis Fischer,
Justus Brüggenjürgen, and ChristofWeitenberg—Institute for Quantum
Physics, University of Hamburg, Luruper Chaussee 149, 22761 Hamburg, Ger-
many
Imaging is crucial for gaining insight into physical systems. In the case of ultra-
cold atoms in optical lattices, the novel technique of quantum gas magnification
opens the way to explore 3D systems with large occupation numbers with sub-
lattice site resolution.

We report on the realization of an all-optical quantum gas magnifier for ultra-
cold Lithium-7 atoms. The all-optical approach allows us to address the broad
Feshbach resonance of Lithium to control the interaction strength. With this
technique, we directly image the Talbot carpet that forms when releasing the
atoms from an optical lattice. After certain ballistic expansion times, the wave
packets originating from each lattice site overlap and constructively interfere
with each other, such that an image of the original density distribution is ob-
tained. We map out the spatial coherence by analyzing the contrast of consecu-
tive Talbot copies. The technique should also allow to reconstruct the fluctuating
phase profile of individual samples imaged at a single Talbot copy. This will real-
ize a coherence microscope with spatially resolved access to phase information
allowing to study domain walls, thermally activated vortex pairs, or to locally
evaluate coherence in inhomogeneous quantum many-body systems.

Q 24.23 Tue 17:00 KG I Foyer
The smallest possible heat engine — James Anglin and ∙Viviane Bauer —
Landesforschungszentrum OPTIMAS, RPTU Kaiserslautern-Landau, Germany
Microscopic engines are a research focus in both biochemistry and nanotechnol-
ogy. While other forms of engines besides heat engines are also being considered,
the fully microscopic limit of a heat engine is a fundamentally important prob-
lem in physics. What happens to thermodynamics when not only the working
fluid and mechanism of a heat engine are microscopic, but even the hot and
cold reservoirs are? We have found a theoretical model for such fully micro-
scopic heat engines in the form of two coupled three-mode Bose-Hubbard sys-
tems (two trimers). Such subsystems can equilibrate in chaotic ergodization. If
coupled together they exhibit energy and particle transport: the processes, which
heat engines exploit to perform work. We can also couple a weight to the Bose-
Hubbard system, in a way which uses this transport to lift the weight. Moreover
we have identified a dynamic mechanism which can stabilise this lifting process.
The result is a system which operates just like a heat engine, except for being
fully microscopic. The structure of coupled chaotic subsystems both supports
and requires an understanding of the fully microscopic heat engine in terms of
open-system control.

Q 24.24 Tue 17:00 KG I Foyer
HeidelbergQuantumArchitecture: Highly controlled light potentials in a 2D
Fermi gas — ∙Johanna Schulz, Juan Carlos Provencio Lameiras, Suraj
Iyer, Tobias Hammel, Maximilian Kaiser, Matthias Weidemüller, and
Selim Jochim— Physikalisches Institut, Heidelberg University
Heidelberg Quantum Architecture (HQA) is a new 6Li quantum gas experi-
ment providing a fast, versatile, and expandable experimental platform for pro-
grammable quantum simulation. In this poster we present two optical modules
that allow for creating various potentials, an accordion lattice and a Digital Mi-
cromirror Device.
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A lot of interesting physics arises in lower-dimensional systems and in the
crossover between dimensions. Going to 2D can be conducted using an opti-
cal accordion that creates an interference pattern with tuneable lattice spacing
between 1.2μm and 15μm. That way, we can create quickly varying potentials,
allowing for optimized loading and wide control of the 2D system. This we re-
alize in a highly compactified optical module increasing stability and enhancing
maintainability.

To generate nicely controllable light potentials, one can use, among other de-
vices, a digital micromirror device (DMD).We present an exceptionally compact
setup to create arbitrary potentials. One physical system that we want to simulate
is a box potential in a scale of up to 200μm and as small as 50μm to confine the
atoms.

Q 24.25 Tue 17:00 KG I Foyer
Signatures of Anderson localization in a degenerate Fermi gas beyond ex-
ponential density distributions — ∙Sian Barbosa, Maximilian Kiefer-
Emmanouilidis, Felix Lang, JenniferKoch, and ArturWidera—Depart-
ment of Physics and Research Center OPTIMAS, RPTU, Kaiserslautern, Ger-
many
Disorder can fundamentallymodify the transport properties of a system. A strik-
ing example is Anderson localization, suppressing transport due to destructive
interference of propagation paths. Especially in inhomogeneousmany-body sys-
tems, not all particles will localize for finite-strength disorder, and the system
can become partially diffusive. Even for extended, i.e. non-localized states, ex-
ponential tails can develop after purely diffusive transport and falsely simulate
localization, especially when the diffusion coefficient becomes energy depen-
dent. I will present the results of our experimental investigation of a degenerate,
spin-polarized Fermi gas released into a disorder potential formed by an opti-
cal speckle pattern. Using standard observables, such as diffusion exponent and
coefficient, localized fraction, or localization length, we find that some show sig-
natures for a transition to localization above a critical disorder strength, while
others show a smooth crossover to a modified diffusion regime. In laterally dis-
placed disorder, we spatially resolve different transport regimes simultaneously
which allows us to extract the subdiffusion exponent expected for weak local-
ization. Our work suggests alternative measures to the misleading concept of
exponential tails.

Q 24.26 Tue 17:00 KG I Foyer
Fermi accelerating an Anderson-localized Fermi gas to superdiffusion —
Sian Barbosa, Maximilian Kiefer-Emmanouilidis, ∙Felix Lang, Jennifer
Koch, and ArturWidera—Department of Physics and Research Center OP-
TIMAS, RPTU, 67663 Kaiserslautern, Germany
Disorder can have dramatic impact on the transport properties of quantum sys-
tems. Anderson localization, arising from destructive quantum interference of
multiple scattering paths suppresses the transport entirely. Processes involving
time-dependent random forces such as Fermi acceleration, proposed as a mech-
anism for high-energy cosmic particles, can expedite particle transport signifi-
cantly. The competition of these two effects in time-dependent inhomogeneous
or disordered potentials can give rise to fascinating dynamics. Experimental ob-
servations are paramount, although scarce. Here, I present our experimental
study of the dynamics of an ultracold, non-interacting Fermi gas expanding in-
side a disorder potential with finite spatial and temporal correlations. Depending
on the disorder’s strength and rate of change, we observe several distinct regimes
of tunable anomalous diffusion, ranging fromweak localization and subdiffusion
to superdiffusion. Especially for strong disorder, where the expansion reveals ef-
fects of localization, an intermediate regime is present in which quantum inter-
ference appears to counteract acceleration. Our system connects the phenom-
ena of Anderson localization with second-order Fermi acceleration and paves
the way toward experimentally investigating Fermi acceleration when entering
the regime of quantum transport.

Q 24.27 Tue 17:00 KG I Foyer
Rapid Fermionic Quantum Simulation for Random Unitary Observables —
∙Marcus Culemann1,2, Daniel Dux1, Xinyi Huang1,2, Jonas Kruip1,3, Na-
man Jain1, Jin Zhang1, and Philipp Preiss1,4 — 1Max Planck Institute of
Quantum Optics, Garching — 2Ludwig-Maximilians-Universität, Munich —
3ETH Zurich — 4Munich Center for Quantum Science and Technology
Ultracold atoms in optical lattices provide an experimental platform to perform
controlled single-particle operations in many-body systems. The UniRand ex-
periment aims to leverage this control to study physics at the interface between
condensed matter physics and quantum information science. One exciting av-
enue towards this goal are measurements in random bases using so-called ran-
dom unitary protocols. They are predicted to give access to global density ma-
trix properties and provide a general way of characterizing many-body systems
in and out of equilibrium. We report on the progress of building a fermionic
quantum simulator capable of realizing random unitaries with high repetition
rates and a high-fidelity readout process. At present, the experiment demon-
strates the use of 2D-MOT as a cold atom source, capable of loading with high
rates into the 3D-MOT, and atom counting capability with single atom resolu-
tion. The envisaged system combines evaporative cooling in optical tweezer ar-

rays followed by quantum state assembly in a tunable optical lattice. The readout
process aims to reach single site resolution by using matter wave magnification
and spin-resolved free-space imaging. The poster will summarize the current
status and future prospects of the experiment.

Q 24.28 Tue 17:00 KG I Foyer
Identification of Quantum Phases with Unsupervised Machine Learning —
∙Niklas Käming1,3, Paolo Stornati2, Klaus Sengstock1,3,4, and Christof
Weitenberg1,3,4 — 1IQP - Institut für Quantenphysik, Universität Hamburg,
Luruper Chaussee 149, 22761 Hamburg, Germany — 2ICFO - Institut de Cièn-
cies Fotòniques, The Barcelona Institute of Science and Technology, Av. Carl
FriedrichGauss 3, 08860Castelldefels (Barcelona), Spain— 3TheHamburgCen-
tre for Ultrafast Imaging, Luruper Chaussee 149, 22761 Hamburg, Germany —
4ZOQ - Zentrum für Optische Quantentechnologien, Universität Hamburg, Lu-
ruper Chaussee 149, 22761 Hamburg, Germany
Machine learning techniques are a versatile tool to identify many-body quan-
tum states without knowledge of the order parameters. Using such techniques
to identify phases of matter has gained high popularity in many-body physics
and the cold quantum gas community. In this poster, we present unsupervised
machine-learning techniques that have been proven to be universally successful
in mapping out the extended Fermi-Hubbard model from simulated entangle-
ment spectra and the Haldane model from experimental cold quantum gas data.
In the future, we hope to find new phases of matter by performing experiments
in theoretical non-tractable regimes.

Q 24.29 Tue 17:00 KG I Foyer
Report on an Erbium-Lithium machine— ∙Florian Kiesel, Alexandre De
Martino, Kirill Karpov, Jonas Auch, and Christian Gross — Eberhard
Karls Universität Tübingen, Physikalisches Institut, Auf der Morgenstelle 14,
72076 Tübingen
Ultracold Fermions cannot be cooled below about 10% of the Fermi temperature
with conventional methods. Sympathetic cooling with a classical gas as an en-
tropy reservoir may provide a new direction to overcome the current limit. Here
we report on the construction and implementation of first cooling stages of a two
species apparatus for the optimized symp. cooling of fermionic Li with bosonic
Er. This mixture has several promising features, that have not yet been utilized
for symp. cooling in any other mixture. Pushing the temperature limit is essen-
tial for the quantum simulation of strongly correlated phenomena, in particular
in optical lattice.

Q 24.30 Tue 17:00 KG I Foyer
Heidelberg Quantum Architecture: Fast spin manipulation and magnetic
field stabilization in a Fermi gas— Johanna Schulz, ∙Suraj Iyer, Juan Car-
los Provencio Lameiras, TobiasHammel, Maximilian Kaiser, Matthias
Weidemüller, and Selim Jochim— Physikalisches Institut - Heidelberg Uni-
versity, Heidelberg, Germany
Heidelberg Quantum Architecture (HQA) is a new 6Li quantum gas experi-
ment providing a fast, versatile, and expandable experimental platform for pro-
grammable quantum simulation. This poster presents techniques for spin ma-
nipulation and stabilization of magnetic fields generated by our Feshbach coils.

To prepare a deterministically controlled mixture of spin states, we drive Rabi
oscillations between hyperfine states of the 2S1/2 ground state. We build radiofre-
quency and microwave coils that are mounted outside the science glass cell, to
keep the components exchangeable, hence providing high magnetic fields at the
position of the atoms. We are aiming for magnetic fields and Rabi oscillations in
the order of 100kHz, which is about ten times faster than other machines in our
group.

In the HQA high-fidelity control of interactions is realized by stabilizing the
magnetic bias fields generated by the Feshbach coils. Fluctuations are mitigated
by using a PID loop which measures the coil current through current transduc-
ers (CT). By using multiple CTs, we can achieve precise tunability of individual
field parameters which includes the field offset, the field gradient, and the field
curvature.

Q 24.31 Tue 17:00 KG I Foyer
Kapitza-Dirac scattering of strongly interacting Fermi gases — ∙Max
Hachmann1, Yann Kiefer1,2, and Andreas Hemmerich1 — 1Universität
Hamburg, Hamburg, Deutschland — 2ETH, Zürich, Schweiz
We experimentally probe properties of interacting spin-mixtures of fermionic
(40K) atoms by studying their interaction with light. An elementary scattering
scenario is resonant Bragg diffraction, also referred to as Bragg spectroscopy,
where matter is diffracted from a onedimensional (1D) optical standing wave. A
Feshbach resonance is used to tune the interactions across the entire BEC-BCS
crossover regime, including the point of unitarity. With the preparation schemes
available in our experiment, the scattering lengths can be dynamically tuned,
such that either repulsively bound molecular dimers (Feshbach molecules) or
pairs of unbound fermions can be studied. To benchmark our scattering proto-
col, we apply it to a sample of spin-polarized non-interacting fermionic atoms
and study the dynamical behaviour. In this case, a simple model using a time-
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dependent Schrödinger equation yields surprisingly accurate results, wellmatch-
ing the experimental observations. For spin-mixtures in the unitarity regime,
the higher order diffraction peaks are observed to disappear with no conclusive
theoretical description presently available.

Q 24.32 Tue 17:00 KG I Foyer
Observation of hydrodynamics and pairing in a few-fermion system —
∙Sandra Brandstetter, Carl Heintze, Karen Wadenpfuhl, Philipp
Lunt, Keerthan Subramanian, MarvinHolten, MaciejGalka, and Selim
Jochim—Universität Heidelberg, Heidelberg, Germany
Fermionic quantum systems, adjustable in atom numbers, are our tool to explore
emergentmany-body phenomena. Our experimental setup allows the determin-
istic preparation of 6Li atoms in the ground state of a two-dimensional harmonic
potential.

We use matter wave magnification techniques to measure individual atoms’
positions or momenta. Previous experiments unveiled phase transitions [1] and
Cooper pairs [2].
In our experiments we observe elliptic flow in systems as small as 10 parti-

cles, challenging the traditional understanding of hydrodynamics [3]. Presently,
we’re focused on exploring the transition from a two-particle bound state to the
many-body Cooper pairs using our ability to access real space correlations.
Future objectives include extracting the contact parameter, studying open

shell configurations akin to nuclear physics, and observing interference among
identical few-body systems.
[1]Bayha et al. Nature 587 (2020)
[2]Holten et al. Nature 606 (2022)
[3]Brandstetter et al. arXiv: 2308.09699v1 (2023)

Q 24.33 Tue 17:00 KG I Foyer
Heidelberg Quantum Architecture: Fast and modular programmable quan-
tum simulation— ∙MaximilianKaiser1, TobiasHammel1, Philipp Preiss2,
Matthias Weidemüller1, and Selim Jochim1 — 1Physikalisches Institut -
Heidelberg University, Heidelberg, Germany — 2Max Planck Institute of Quan-
tum Optics, Garching, Germany
Heidelberg Quantum Architecture (HQA) is a new 6Li quantum gas experiment
providing a fast, versatile, and expandable platform for programmable quantum
simulation. In this poster, we give an overview of its design and its inherent
modular structure which can be easily adapted to the needs of most of today’s
quantum gas experiments.

We present the interface concept of our machine alongside the capabilities
of our current experimental toolbox, implemented as exchangeable modules.
These include among others tunable 2D confinements, arbitrarily shaped poten-
tial landscapes, single-atom counting capabilities, and spin-resolved-imaging.
Enabled by this toolbox, we report on the latest research results such as the sub-
second production of a degenerate fermi gas of 6Li atoms.

Q 24.34 Tue 17:00 KG I Foyer
Quantized pumping in optical lattices: interactions and edge modes —
∙Giacomo Bisson, Zijie Zhu, Konrad Viebahn, Samuel Jele, Marius
Gächter, Anne-Sophie Walter, Joaquin Minguzzi, Stephan Roschinski,
Kilian Sandholzer, and Tilman Esslinger — Institute for Quantum Elec-
tronics, ETH Zurich
Understanding the underlying geometric properties of wave functions in topo-
logical quantum systems is essential in explaining phenomena such as the quan-
tized Hall effect and Thouless pumps. However, interparticle interactions can
affect the topology of a system. In our work, we study topological Thouless
pumps via an experimental realization using optical lattices where the Hubbard
interaction can be tuned. We observe regimes with robust pumping, as well as
an interaction-induced breakdown. The pump shows robustness against weak
interactions, both repulsive and attractive. Strongly attractive interactions en-
able quantized transport through the formation of fermion pairs. Conversely,
strong repulsive interaction impairs topological pumping, necessitating pump
trajectory modifications to restore it. Furthermore, we explore pump trajecto-
ries that are trivial in the non-interacting case and non-trivial in the interacting
case resulting in an interaction-induced charge pump. Additionally, we study the
transport properties of gapless edge modes in a harmonically confined topologi-
cal pump. When ultracold fermionic atoms reach a critical slope of the confining
potential, quantized Hall drifts reverse, indicating a topological boundary. This
reversal corresponds to a band transfer between bands with Chern numbers C =
+1 and C = -1 through a gapless edge mode.

Q 24.35 Tue 17:00 KG I Foyer
Towards quantum gasmicroscopy with dynamically projected optical lattices
— ∙Samuel Jele, Marius Gächter, Giacomo Bisson, Zijie Zhu, Tilman
Esslinger, and Konrad Viebahn — Institute for Quantum Electronics, ETH
Zurich
In this poster, a novel design for a quantum gas microscope of fermionic potas-
sium (K40) will be presented. In addition to a high-NA objective, the key idea

behind achieving single-site resolution makes use of two superimposed accor-
dion lattices with variable and independent lattice constants [1]. By handing over
atoms on individual sites from one accordion lattice to the other during lattice
expansion, an, in principle, arbitrarily large atom spacing can be achieved, giving
access to single-site-resolution with very low imaging duration and lattice depth.
Besides single-site resolution, the setup is designed for a repetition rate of 1Hz.
For this we implement a parallelisation scheme for laser cooling, evaporative
cooling, as well as physics measurements of multiple runs. In addition, a steep
magnetic gradient (> 1000G/cm) for rapid evaporative cooling, two separate 3D
MOT chambers for potassium and rubidium and fast transport to the glasscell
using a moving lattice will help us achieve this goal. The implementation of the
accordion lattice using acousto-optic deflectors will allow us to project various
lattice structures by simply changing the RF driving signal. This enables us to
study more complex systems, such as the Lieb lattices, quasi-periodic structures
as well as novel Floquet driving schemes.

[1]: Simon Wili et al., New J. Phys. 25 033037 (2023)

Q 24.36 Tue 17:00 KG I Foyer
Prospects for experiments with ultracold atoms in a five-fold symmetric
quasicrystal optical lattice with tunable geometrie — ∙Jonathan Bracker1,
Luca Asteria1,2, Marcel Nathanael Kosch1, Klaus Sengstock1,2,3, and
Christof Weitenberg1,2 — 1Institut für Quantenphysik, Universität Ham-
burg, 22761 Hamburg, Germany — 2The Hamburg Centre for Ultrafast Imag-
ing, 22761Hamburg, Germany— 3Zentrum fürOptischeQuantentechnologien,
Universität Hamburg, 22761 Hamburg, Germany
Quasicrystal lattices constitute a fascinatingmiddleground between periodic lat-
tices and disordered systems with intricate topological properties and exotic
many-body phases. They can be considered as a projection from a higher di-
mensional space, from which they inherit their topology. First experiments with
ultracold atoms in quasi-periodic lattices have been realized in recent years, but
so far, the higher dimensional space had a trivial geometry. Here we present a
way to realize a quasicrystal lattice with a non-trivial underlying
geometry. This setup is characterized by a five-fold rotational symmetry and we
discuss how it will be realized via a multi-frequency scheme with full dynamical
control over the geometric degree of freedom [1]. We also present numerical
results on the expected transport and
localization properties as a function of this geometric degree of
freedom.

[1] M. Kosch et al., Phys. Rev. Research 4, 043083 (2022)

Q 24.37 Tue 17:00 KG I Foyer
Linear Prediction Algorithms to enhance Impurity Solvers for Dynamical
Mean Field Theory — ∙Bastian Schindler — Goethe-Universität, Insti-
tut für Theoretische Physik, 60438 Frankfurt am Main, Germany — Arnold-
Sommerfeld-Zentrum für Theoretische Physik, LMU München, Theresienstr.
37, 80333 München
In the poster based on my bachelors thesis an empirical study of different linear
prediction algorithms (Yule-Walker, Burg, covariance, modified covariance) us-
ing various implementations in python is presented. These algorithms are based
on an autoregressive process and are being tested on the Greens functions gen-
erated during four different dynamical mean field theory (DMFT) simulations.
To evaluate real world performance the root mean squared error is computed
on a test sample, which was excluded from the previous fitting process. The de-
pendency of this error with respect to most of the important hyperparameters is
analysed systematically. Spectrums implementation of the covariance method is
found to perform superiorly on weakly oscillating functions, whereas the Burg
method from the same package overall performs better on strongly oscillating
functions. The discarded weight is found to be a good parameter to distinguish
between the two cases. A Nelder-Mead optimization scheme to find the rele-
vant hyperparameters is successfully implemented. As my current interest in my
masters project (Bose-Hubbard model with disorder) revolves heavily around
bosonic DMFT, the link to (B)DMFT will be emphasized more than in the orig-
inal thesis.

Q 24.38 Tue 17:00 KG I Foyer
Cooperative effects in dense cold atomic gases including magnetic dipole
interactions — ∙Nico Bassler1,2, Ishan Varma3, Marvin Proske3,
Patrick Windpassinger3, Kai Phillip Schmidt1, and Claudiu Genes2,1 —
1Department of Physics, Friedrich-Alexander Universität Erlangen-Nürnberg
(FAU), D-91058 Erlangen, Germany — 2Max Planck Institute for the Science of
Light, D-91058 Erlangen, Germany— 3Institut für Physik, Johannes Gutenberg-
Universität Mainz, 55122 Mainz, Germany
We theoretically investigate cooperative effects in cold atomic gases exhibiting
both electric and magnetic dipole-dipole interactions, such as occurring for ex-
ample in clouds of dysprosium atoms. We distinguish between the quantum de-
generate case, where we take a many-body physics approach, and the quantum
non-degenerate case, where we use the formalism of open system dynamics. For
quantum non-degenerate gases, we illustrate the emergence of tailorable spin
models in the high-excitation limit. In the low-excitation limit, we provide ana-
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lytical and numerical results detailing the effect of magnetic interactions on the
directionality of scattered light and characterize sub- and superradiant effects.
For quantum degenerate gases, we study the interplay between sub- and super-
radiance effects and the fermionic or bosonic quantum statistics nature of the
ensemble.

Q 24.39 Tue 17:00 KG I Foyer
Photon Storage using Cold Caesium in an Interrupted Waveguide — ∙Matt
Overton, David Johnson, Danielle Baldolini, Nathan Cooper, and Lu-
cia Hackermuller — School of Physics and Astronomy, University of Not-
tingham, UK
Cold atoms are useful for many quantum information applications. Their strong
interactions with light give them many uses in atom-photon junctions. How-
ever, one difficulty with cold atoms is integrating them with waveguides and
other photonic devices. Here we demonstrate a method that involves trapping
the atoms inside a micromachined hole through an optical fibre. By carefully se-
lecting the geometry of the cavity, one can tune the transmission of light through
it, with convex parabolic surfaces having the greatest transmission [1].

Herewe use caesium atoms to demonstrate electromagnetically induced trans-
parency (EIT) within the waveguide hole. EIT allows the transparency of a
medium to be controlled using a laser field. The effects this has on the com-
plex susceptibility leads to slow light and (if the control laser power is reduced
to zero) can also lead to photon storage. Integrating cold atoms into an optical
waveguide for storage like this has obvious applications in quantum computing
and quantum communication.

[1] Cooper, N., Da Ros, E., Briddon, C. et al. Prospects for strongly coupled
atomphoton quantum nodes. Sci Rep 9, 7798 (2019)

Q 24.40 Tue 17:00 KG I Foyer
Quantum gas mixtures in an Earth-orbiting research laboratory —
∙Annie Pichery1,2, Timothé Estrampes1,2, Gabriel Müller1, Nicholas
P. Bigelow3, Eric Charron2, Naceur Gaaloul1, and the CUAS
Consortium3 — 1Leibniz Universität Hannover,Institut für Quantenoptik,
Germany — 2Université Paris-Saclay, CNRS, Institut des Sciences Moléculaires
d’Orsay, France — 3University of Rochester, Rochester, NY, USA
The Cold Atom Laboratory (CAL) is a multi-user Bose-Einstein Condensate
(BEC) machine aboard the International Space Station, operated by NASA’s Jet
Propultion Lab. Since its upgrade in 2020, it enables the production and manip-
ulation of dual-species BECmixtures of K and Rb. We report here about the first
quantummixture experiments realized in space [E. Elliott et al., Nature 623, 502
(2023)] and study its dynamics in weightlessness to prepare dual-species atom
interferometry and future tests of the Universality of Free Fall.

Space provides, indeed, an environment where atom clouds can float for ex-
tended times of several seconds, as well as miscibility conditions different from
ground. Simulating these quantum phases and the dynamics of interacting dual
species presents however computational challenges due to the long expansion
times. We present a novel theoretical framework based on re-scaled computa-
tion grids that allowed to follow the extended free dynamics of quantummixtures
in space.
We acknowledge financial support from the German Space Agency (DLR)

with funds provided by the Federal Ministry of Economic Affairs and Energy
(BMWi) under Grant No. CAL-II 50WM2245A/B.

Q 24.41 Tue 17:00 KG I Foyer
Rydberg superatoms for waveguide QED — ∙Daniil Svirskiy, Lukas
Ahlheit, Christoph Biesek, Jan de Haan, Nina Stiesdal, Wolfgang Alt,
and Sebastian Hofferberth — Institute of Applied Physics, University of
Bonn, Germany
Waveguide-systems where quantum emitters are strongly coupled to a single
propagating light mode offer an interesting platform for quantum nonlinear
optics. We work towards realizing a cascaded waveguide system utilizing Ry-
dberg superatoms - single Rydberg excitations in individual atomic ensembles
smaller than the Rydberg blockade-volume - as effective, directional two-level
emitters. Due to the collective nature of the excitation, the superatom effectively
represents a single emitter, that is coupled to the inicdent single photon light.
The directional emission of the superatom into the initial probe mode realizes a
waveguide-like system in free space without any actual light-guiding elements.

On this poster, we show how a Rydberg superatom allows manipulation of
single photons, and demonstrate how we implement a one-dimensional chain of
Rydberg superatoms with low internal dephasing. To increase coherence time,
we use a magic wavelength optical lattice that traps atoms in both the ground-
and the Rydberg state and thus reduce atomic motion and limit dephasing of the
collective excitation.
We further show how we use an interferometer setup to perform quantum

state tomography on multi-photon pulses passing through the superatoms in
order to characterize the effective photon-photon interaction mediated by the
superatom chain.

Q 24.42 Tue 17:00 KG I Foyer
Interfacing electromechanical oscillators andRydberg atoms in a closed-cycle
cryostat — ∙Leon Sadowski, Cedric Wind, Johanna Popp, Julia Gamper,
Valerie Mauth, Wolfgang Alt, Hannes Busche, and Sebastian Hoffer-
berth— Institute of Applied Physics, University of Bonn, Germany
Rydberg atoms exhibit strong electric dipole transitions between Rydberg states,
which allow coupling to other quantum systems at microwave frequencies. Here,
we present the prospect to couple Rydberg atoms to electromechanical oscilla-
tors, which can possess high Q factors at microwave frequencies, and our imple-
mentation of a cryogenic cold atom setup for such experiments.

On this poster, we present our progress on the construction of the experimen-
tal setup that is centered around an UHV closed-cycle cryostat that allows to
perform experiments in a 4 K environment and includes a vibration-isolation
system that reduces vibrations below 25 nm. Moreover, we show our design of
a chip on which we integrate the oscillator and a superconducting wire trap that
allows for magnetic trapping of Rubidium atoms above the oscillator at distances
of several 10 μm. For the oscillator, we perform finite element simulations of the
field radiated due to thermal phonons and deduce interaction strengths with Ry-
dberg atoms of order kHz to MHz if the oscillator is near its quantum ground
state.

In summary, the 4 K environment combined with dissipative interactions with
Rydberg atoms should enable cooling the oscillator to its ground state without
the need of a dilution refrigerator.

Q 24.43 Tue 17:00 KG I Foyer
Rydberg superatoms coupled with super-extended evanescent field nanofiber
at the single-photon level — ∙Tangi Legrand1, Ludwig Müller1,
Thomas Hoinkes2, Xin Wang1, Thilina Muthu-Arachchige1, Eduardo
Uruñuela1, Wolfgang Alt1, and Sebastian Hofferberth1 — 1Institute
of Applied Physics, University of Bonn, Germany — 2Department of Physics,
Humboldt University of Berlin, Germany
Both Rydberg superatoms driven by free-space photonic modes and single emit-
ters coupled to photonic waveguides have paved the way for strong coherent
light-matter coupling at the few-photon level. By combining advantages of both
ideas, we aim to achieve homogeneous coupling of multiple Rydberg superatoms
coupled to a field thighly confined by a nanofiber. Fibers with diameters of a few
hundred nanometers are successfully used to trap and couple arrays of single
atoms by their evanescent field. Recent advances allow the fibers to be tapered
to even smaller diameters, allowing more than 99% of the energy to be guided
outside the fiber with effective field diameters of ≳ 13 λ [1], bringing them up to
typical Rydberg blockade radius sizes.

On this poster, we present our strategy for building an apparatus that allows
multiple Rydberg superatoms to be trapped around a nanofiber with a diameter
of about 100 nm. We select Ytterbium due to its advantage of having the two-
photon Rydberg excitation transitions close together with 399 nm and 395 nm,
which simplifies the fiber design and is expected to have low thermal dephasing
effects.
[1] R. Finkelstein et. al. Optica 8, 208-215 (2021)

Q 24.44 Tue 17:00 KG I Foyer
Rydberg quantum optics in ultracold Ytterbium gases — ∙Eduardo
Uruñuela, XinWang, ThilinaMuthu-arachchige, Tangi Legrand, Lud-
wig Müller, Wolfgang Alt, and Sebastian Hofferberth — Institute of
Applied Physics, University of Bonn, Germany
Mapping the strong interaction between Rydberg excitations in ultracold atomic
ensembles onto single photons paves the way to realize and control high optical
nonlinearities at the level of single photons. Demonstrations of photon-photon
gates or multi-photon bound states based on this concept have so far exclusively
employed ultracold alkali atoms. Two-valence electron species, such as ytter-
bium, offer unique novel features such as narrow-linewidth laser-cooling, optical
detection and ionization or long-lived nuclear-spin memory states.

In this poster, we present our experimental progress on the realization of
strong interaction between photons, enabled by Yb-174 Rydberg polaritons
formed in a 1-D ultracold Ytterbium gas. Owing to the zero nuclei spin of Yb-174
and singlet spin state in bivalent structure, the longer coherent time is expected.
The singlet transition at 399 nm also helps us produce a long-focused dipole trap
with higherOD in one dimension. Specifically, we discuss our implementation of
ultracold Yb atoms in narrow-lineMOT and elongated dipole trap with compact
and fast-loading two-chamber experiment setup, and generation of the Rydberg
polaritons under Rydberg electromagnetically induced transparency.

Q 24.45 Tue 17:00 KG I Foyer
Critical exponents of a non-equilibrium phase transition in a facilitated Ry-
dberg gas — ∙Daniel Brady, Simon Ohler, and Michael Fleischhauer —
RPTU Kaiserslautern
We study a gas of driven Rydberg atoms, where excitations can spread through
facilitation, comparable to the spread of an infectious disease. Importantly, the
system shows a non-equilibrium dynamical phase transition from an active to
an absorbing state, depending on driving and density. This transition is char-
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acterized by two critical exponents, which we investigate numerically close to
the critical point as a function of the gas temperature. For the case of very low
temperatures, we find a directed percolation-type transition due to the effects
of Rydberg blockade, whereas for increasing temperatures we find a crossover
to a mean-field transition. We also study the fast *avalanches* of excitations at
the critical point and find they are power-law distributed with an exponent that
is independent of temperature and comparable to many other systems known
under the term self-organized criticality.

Q 24.46 Tue 17:00 KG I Foyer
Experimental Setup for the Generation of Chiral Orbital States with Ryd-
bergAtoms— ∙PeterZahariev1,3, StefanAull1, SteffenGiesen2, Robert
Berger2, and Kilian Singer1 — 1Experimentalphysik I - Universität Kassel,
Heinrich-Plett-Str. 40, 34132 Kassel — 2Fb.15 - Chemie, HansMeerwein-Straße
4, 35032 Marburg— 3Institute of Solid State Physics, Bulgarian Academy of Sci-
ences, 72, Tzarigradsko Chaussee, 1784 Sofia, Bulgaria
We present an experimental setup based on a magneto-optical trap of Rubidium
atoms and two photon excitation into Rydberg states, that allows for the prepara-
tion of chiral orbital Rydberg states. Using hydrogen-like wave functions [1], it is
possible to construct an electron density and probability current distribution that
has chiral nature. The radio frequency setup and the electric field configuration
to generate and detect these states is presented. This experiment will allow us to
identify interaction induced energy shifts that are caused by the chiral nature of
the wave function only. The results will be also valuable for chiral discrimination
of molecules [2].

[1] A. Ordonez, O. Smirnova. Propensity rules in photoelectron circular
dichroism in chiral molecules. I. Chiral hydrogen, Phys. Rev. A 99, 043416
(2019)

[2] S Y Buhmann *et al*, Quantum sensing protocol for motionally chiral Ry-
dberg atoms, *New J. Phys.* **23** 083040 (2021)

Q 24.47 Tue 17:00 KG I Foyer
Rydberg spectroscopy in the strong driving regime and self-organized crit-
icality — ∙Patrick Mischke1,2, Florian Binoth1, Jana Bender1, Thomas
Niederprüm1, and Herwig Ott1 — 1Department of Physics and Research
center OPTIMAS, Rheinland-Pfälzische Technische Universität Kaiserslautern-
Landau — 2Max Planck Graduate Center with the Johannes Gutenberg-
Universitätt Mainz (MPGC)
Autler-Townes splitting in coupled two-level-systems is a well-known effect in
atomic physics. However, for strong driving in real atomic systems, additional
states like other hyperfine structure states or magnetic sublevels are admixed.
As a result, complex spectra, deviating from the symmetrical two-level Autler-
Townes splitting, emerge.

We experimentally investigate these spectra in a thermal cloud of 87Rb atoms
by resonantly coupling the 6P3/2 , F = 3 state to a Rydberg state with varying Rabi
frequency.

Our experiments confirm, that multilevel effects have to be considered in the
Autler-Townes regime. As a general rule, the splitting between peaks is not equal
to the Rabi frequency if the coupling strength exceeds the energetic distance of
adjacent states.

In a manybody system, Rydberg atoms interact strongly over very large dis-
tances, leading to effects such as blockade and facilitation. In the absence of
disorder, an off-resonantly driven system is expected to exhibit a phase transi-
tion between an active and an absorbing phase. We present experimental data
and our work towards understanding the role of disorder.

Q 25: Precision Spectroscopy of Atoms and Ions II (joint session A/Q)
Time: Wednesday 11:00–13:00 Location: HS 1098
See A 19 for details of this session.

Q 26: Ultracold Molecules (joint session Q/MO)
Time: Wednesday 11:00–13:00 Location: HS 1015

Invited Talk Q 26.1 Wed 11:00 HS 1015
Ultracold interactions between ions and polar molecules— ∙Leon Karpa—
Leibniz Universität Hannover, Institut für Quantenoptik, Welfengarten 1, 30167
Hannover, Germany
Ultracold molecules stand out as a promising candidate in a broad spectrum
of advanced applications including quantum chemistry, fundamental physics,
quantum simulations and information science. Studies of neutral molecular
quantum gases and ultracold ion-neutral interactions are two largely comple-
mentary interdisciplinary fields that nonetheless share the vision of understand-
ing molecular systems of ever-increasing complexity, and ultimately controlling
their properties. In my talk, I will discuss recent advances and challenges in
these research domains and how methods from both fields can be used to com-
bine atomic ions with quantum gases of polar molecules. The resulting complex
yet precisely controllable system exhibits a hierarchy of tunable attractive and
repulsive interactions of different scales, enabling a range of novel experiments
and applications. This includes studies of dynamical properties of ultracold polar
molecules, ion-molecule collisions in the quantum dominated regime, and the
potential formation of ion-molecule many-body bound states.

Q 26.2 Wed 11:30 HS 1015
Developing a Hybrid Tweezer Array of Rydberg Atoms and Polar Molecules
— ∙Kai Voges, Daniel Hoare, Yuchen Zhang, Qinshu Lyu, Jonas Rode-
wald, Ben Sauer, and Michael Tarbutt—Centre for Cold Matter, Imperial
College London, UK
Hybrid tweezer arrays of atoms and molecules are a novel and versatile platform
for quantum science and technology. The combination of Rydberg atoms with
their large electric dipolemoment and polarmolecules with their rich level struc-
ture and long state coherence times makes this approach a promising candidate
for quantum simulation [1] and computing [2,3].
In this talk, I present our efforts to build a hybrid tweezer array based on ultra-
cold Rb atoms and directly laser-coolable CaF molecules. I discuss the advan-
tages and challenges of using such a hybrid system and present our preparation
procedures for the atoms and molecules. Furthermore, I show our efforts in
trapping and imaging individual atoms and molecules and present our ideas for
loading both species into separate tweezer arrays.
Our approach will make it possible to construct arbitrary patterns of atoms and
molecules. Through the dynamic rearrangement of tweezers and the long-range

interactions mediated by Rydberg atoms, this hybrid platform will be a com-
pelling candidate for scalable quantum computing.
[1] J. Dobrzyniecki et al., PRA 108, 052618 (2023)
[2] C. Zhang et al., PRX Quantum 3, 030340 (2022)
[3] K. Wang et al., PRX Quantum 3, 030339 (2022)

Q 26.3 Wed 11:45 HS 1015
Quantum Dynamics of Two Composite Bosons on a One-Dimensional Lat-
tice — ∙Caroline Stier, Andreas Buchleitner, and Gabriel Dufour —
Physikalisches Institut der Albert-Ludwigs-Universität Freiburg
We study how the dynamics of two composite bosons on a one-dimensional lat-
tice are affected by their constituents’ quantum statistics as well as their initial
state. We formulate an effective Hamiltonian assuming that the two compos-
ites – consisting either of two elementary fermions or two elementary bosons
– are tightly bound objects. The contact interactions between the elementary
constituents are chosen such that the resulting composite particles do not inter-
act when they are located on the same site. However, due to the exchange of
identical constituents, the composites experience an effective nearest-neighbor
interaction if they are located on adjacent sites. We solve the Schrödinger equa-
tion analytically and perform numerical simulations of the dynamics from sev-
eral initial configurations. In particular, we find that the composites can form a
bound state whose group velocity depends strongly on the nature of their con-
stituents.

Q 26.4 Wed 12:00 HS 1015
Non-abelian invariants in periodically-driven quantum rotors — ∙Volker
Karle, AregGhazaryan, and Mikhail Lemeshko— Institute of Science and
Technology Austria, Am Campus 1, 3400 Klosterneuburg
This presentation explores the role of topological invariants in the non-
equilibrium dynamics of periodically-driven quantum rotors, inspired by exper-
iments on closed-shell diatomic molecules driven by periodic, far-off-resonant
laser pulses. This approach uncovers a complex phase space with both local-
ized and delocalized Floquet states. We demonstrate that the localized states are
topological in nature, originating from Dirac cones protected by reflection and
time-reversal symmetry. These states can be modified through laser strength ad-
justments, making them observable in current experiments through molecular
alignment and observation of rotational level populations. Notably, in scenarios

167



Quantum Optics and Photonics Division (Q) Wednesday

involving higher-order quantum resonances leading to multiple Floquet bands,
the topological charges become non-Abelian. This results in the remarkable find-
ing that the exchange of Dirac cones across different bands is non-commutative,
enabling non-Abelian braiding, paving the way for the study of controllable
multi-band topological physics in gas-phase experiments with small molecules,
as well as for classifying dynamical molecular states by their topological invari-
ants.

Q 26.5 Wed 12:15 HS 1015
From rotational decay of diatomic molecules to quantum friction —
∙Nicolas Schüler, Omar Jesús Franca Santiago, and Stefan Yoshi Buh-
mann— Institute of Physics, University of Kassel, Germany
We study the rotational motion of diatomic molecules in free space and inter-
acting with the quantum electromagnetic field [1]. Using macroscopic quan-
tum electrodynamics [2], we obtain the rotation-dependent decay rates of the
molecule. By analyzing the behavior of the resulting rates at zero and finite tem-
perature, we find a connection between the decelerating rotational dynamics and
quantum friction.

Invited Talk Q 26.6 Wed 12:30 HS 1015
Quantum Logic Spectroscopy of the Hydrogen Molecular Ion — David
Holzapfel, Fabian Schmid, Nick Schwegler, Oliver Stadler, Martin
Stadler, JonathanHome, and ∙Daniel Kienzler—Otto-Stern-Weg 1, 8093
Zurich, Switzerland

I will present our latest results, implementing pure quantum state prepara-
tion, coherent manipulation, and non-destructive state readout of the hydro-
gen molecular ion H+

2 . The hydrogen molecular ion H+
2 is the simplest stable

molecule, and its structure can be calculated ab-initio to high precision. How-
ever, challenging properties such as high reactivity, low mass, and the absence
of rovibrational dipole transitions have thus far strongly limited spectroscopic
studies of H+

2 . We trap a single H+
2 molecule together with a single beryllium ion

using a cryogenic Paul trap apparatus, achieving trapping lifetimes of 11 h and
ground-state cooling of the shared axial motion [1]. With this platform we have
recently implemented Quantum Logic Spectroscopy of H+

2 . We utilize helium
buffer-gas cooling to prepare the lowest rovibrational state of ortho-H+

2 (rota-
tion L = 1, vibration  = 0). We combine this with quantum-logic operations
between the molecule and the beryllium ion for preparation of single hyperfine
states and non-destructive readout, and demonstrate Rabi flopping on on several
hyperfine transitions. Our results pave the way to high-precision spectroscopy
studies of H+

2 which will enable tests of theory, metrology of fundamental con-
stants, and an optical molecular clock.

[1] N. Schwegler, D. Holzapfel, M. Stadler, A.Mitjans, I. Sergachev, J. P. Home,
and D. Kienzler, Phys. Rev. Lett. 131, 133003 (2023)

Q 27: Phase Transitions
Time: Wednesday 11:00–13:00 Location: Aula

Invited Talk Q 27.1 Wed 11:00 Aula
Engineering ofmany-body states in a driven-dissipative cavityQEDsystem—
Rodrigo Rosa-Medina1, Fabian Finger1, Nicola Reiter1, Jakob Fricke1,
PanagiotisChristodoulou1, DavideDreon2, AlexanderBaumgärtner1,
Simon Hertlein1, Justyna Stefaniak1, David Baur1, Dalila Rivero1,
Gabriele Natale1, Tilman Esslinger1, and ∙Tobias Donner1 — 1Institute
for Quantum Electronics, ETH Zurich, 8093 Zurich, Switzerland — 2PASQAL
SAS, 7 Rue Leonard de Vinci, 91300 Massy, France
Exposing a many-body system to external drives and losses can fundamentally
transform the nature of its phases, and opens perspectives for engineering new
properties of matter. How such characteristics are related to the underlying mi-
croscopic processes is a central question for our understanding of materials. A
versatile platform to address it are quantum gases coupled to the dynamic light
fields inside optical resonators. This setting allows to create syntheticmany-body
systems with tunable, well-controlled dissipation channels, and at the same time
to induce cavity-mediated long-range atom-atom interactions. By engineering
the involved light field modes, we study in real-time the dynamics of a phase
transition between two such crystals. When the dissipation via cavity losses and
the coherent timescales are comparable, we find a regime of limit cycle oscilla-
tions leading to a topological pumping of the atoms. In a second set of experi-
ments, we make use of the cavity-mediated interaction to induce the formation
of pairs of correlated atoms. We demonstrate that this process is based on the
amplification of vacuum fluctuations.

Q 27.2 Wed 11:30 Aula
Dissipative cooling of many-body states realized with Rydberg atoms —
∙KatharinaBrechtelsbauer1, Thierry Lahaye2, AntoineBrowaeys2, and
Hans Peter Büchler1 — 1Institute for Theoretical Physics III and Center
for Integrated Quantum Science and Technology, University of Stuttgart, Pfaf-
fenwaldring 57, 70569 Stuttgart, Germany — 2Université Paris-Saclay, Institut
d’Optique Graduate School, CNRS, Laboratoire Charles Fabry, 91127 Palaiseau
Cedex, France
Dissipative preparation of quantum states offers a promising alternative to the
adiabatic approach, which is often limited to small system sizes due to gap-
closings near quantum phase transitions. In this work we propose a setup for
preparing many-body states in systems of Rydberg atoms. The idea is to couple
the system to a dissipative bath of additional Rydberg atoms via dipolar exchange
interactions, such that the system is dissipatively driven into a certain stationary
state. The selection of this final state is based on energy conservation, where
the detuning between system and bath is tuned to ensure that the preferred de-
cay channels are stronger than other ones. Depending on the exact form of the
system-bath interactions the setup can be used to add excitations to the system
or to cool into a certain system eigenstate while conserving the number of exci-
tations.

Q 27.3 Wed 11:45 Aula
Phase transition and higher-order mean-field theory of chiral waveg-
uide QED — ∙Kasper Jan Kusmierek1, Max Schemmer2, Sahand
Mahmoodian3, and Klemens Hammerer4 — 1Institute for Theoretical
Physics, Leibniz University Hannover, Germany— 2Istituto Nazionale di Ottica
del ConsiglioNazionale delle Ricerche (CNR-INO), 50019 Sesto Fiorentino, Italy
— 3Centre for Engineered Quantum Systems, School of Physics, The University
of Sydney, Sydney, NSW 2006, Australia — 4Institute for Theoretical Physics,
Leibniz University Hannover, Germany
Waveguide QED with cold atoms provides a potent platform for the study of
non-equilibrium, many-body, and open-system quantum dynamics. Even with
weak coupling and strong photon loss, the collective enhancement of light-atom
interactions leads to strong correlations of photons arising in transmission. Here
we apply an improvedmean-field theory based on higher-order cumulant expan-
sions to describe the experimentally relevant, but theoretically elusive, regime of
weak coupling and strong driving of large ensembles. We determine the trans-
mitted power, squeezing spectra and the degree of second-order coherence. In
the regime of very large drive and atom numbers we observe an non-equilibrium
phase transition. This reveals the important role of many-body and long-range
correlations between atoms in steady state.

Q 27.4 Wed 12:00 Aula
Transition between Directed Percolation and Mean Field Universality in
a driven, dissipative Rydberg gas — ∙Simon Ohler, Daniel Brady, and
Michael Fleischhauer — RPTU Kaiserslautern, Erwin-Schrödinger-Str. 46,
67663 Kaiserslautern
The spread of excitations in a laser driven gas of Rydberg atoms under facilitation
conditions bears many similarities to epidemics. Increasing the drive strength,
a non-equilibrium phase transition from an absorbing to an active phase oc-
curs. We analyze the dynamics of the Rydberg many-body system in the facili-
tation regime close to the critical point as a function of the gas temperature by
means of Monte-Carlo simulations. While at very low temperatures the phase
transition belongs to the directed percolation universality class, the dynamical
critical exponent crosses over into a mean field behavior with increasing temper-
ature, reminiscent of anomalous directed percolation. Additionally, we consider
the avalanche-like spread of excitation cascades. For all temperatures the sys-
tem exhibits power-law distributed avalanche sizes, which are key signatures of
self-organized criticality, a process believed to lie at the heart of many critical
phenomena in nature.

Q 27.5 Wed 12:15 Aula
Nanomechanically-induced quantum phase transition to a self-organized
density-wave BEC — ∙Milan Radonjić1,2, Leon Mixa1, Axel Pelster3,
and Michael Thorwart1 — 1I. Institute of Theoretical Physics, University
of Hamburg, Germany — 2Institute of Physics Belgrade, University of Bel-
grade, Serbia — 3Physics Department and Research Center OPTIMAS, Univer-
sity Kaiserslautern-Landau, Germany
We study nonequilibrium quantum phase transition (NQPT) in a hybrid quan-
tum many-body system consisting of a vibrational mode of a nanomembrane
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interacting optomechanically with a cavity, whose output light couples to two in-
ternal states of an ultracold Bose gas held in an external quasi-1D box potential.
For small effective membrane-atom couplings, the system is in a homogeneous
BEC ground state, with no membrane displacement. Depending on the transi-
tion frequency between the two internal atomic states, either one or both internal
states are occupied. By tuning the two couplings outside the respective critical
regions, the system transitions to a symmetry-broken self-organized BEC phase,
which is characterized by a sizeably displaced membrane and density-wave-like
BEC profiles. This NQPT is both discontinuous and continuous for a certain
interval of transition frequencies, and purely discontinuous outside of it.

Q 27.6 Wed 12:30 Aula
Low-energy modes in a trapped dipolar supersolid— ∙Paul Uerlings1, Jens
Hertkorn1, KevinNg1, FionaHellstern1, Lucas Lavoine1, Ralf Klemt1,
Tim Langen1,2, and Tilman Pfau1 — 15. Physikalisches Institut and Center
for Integrated Quantum Science and Technology IQST, Universität Stuttgart —
2Atominstitut, TU Wien, Stadionallee 2; 1020 Vienna, Austria
A supersolid is a phase of matter that combines the crystal-like periodic density
modulation of a solid with the frictionless flow of a superfluid, simultaneously
breaking both the global U(1) gauge symmetry and the translational symmetry.
Breaking these two symmetries gives rise to two types of collective modes, called
the Nambu-Goldstone and amplitude Higgs mode. We theoretically and exper-
imentally investigate the excitation spectrum of a trapped dipolar quantum gas
across the Bose-Einstein condensate to supersolid phase transition. In order to
experimentally observe these excitations, we prepare a ultracold quantum gas of
162Dy in an optical dipole trap with variable geometry. We compare our exper-

imental results to numerical simulations of the extended Gross-Pitaevskii equa-
tion and the Bogoliubov-de-Gennes equations. The observed low-energy modes
reveal the existence of the two distinct amplitude Higgs and Nambu-Goldstone
modes that emerge in our system at the phase transition point. Our findings
extend earlier work on the obervation of the Nambu-Goldstone mode and the-
oretical predictions on the amplitude Higgs mode.

Q 27.7 Wed 12:45 Aula
Observation of spatial first-order coherence in an optical quantum gas in a
box — ∙Leon Espert Miranda, Andreas Redmann, Kirankumar Karki-
halli Umesh, Frank Vewinger, MartinWeitz, and Julian Schmitt— In-
stitut für Angewandte Physik, Universität Bonn, Wegelerstraße 8, 53115 Bonn,
Germany
The emergence of long-range correlations that span the entire system is a mani-
festation of phase transitions between different states of matter. Experimentally,
such field correlations in quantum gases can be obtained by investigating the de-
gree of first-order spatial coherence, for example, in interference experiments.
Here we report a measurement of the build-up of quasi long-range correlations
in a two-dimensional optical quantum gas trapped inside a box potential as the
total number of particles in the gas is increased. The correlation information is
obtained bymeasurements of the photon gas distribution inmomentum space as
well as interferometry of the dye-filled optical microcavity emission. We observe
different scalings of the coherence length for the normal and quantum degener-
ate gas. Moreover, by studying different sizes of the box trap, we demonstrate
that Bose-Einstein condensation sets in as soon as the coherence length exceeds
the system size.

Q 28: Fermionic Quantum Gases I (joint session Q/A)
Time: Wednesday 11:00–13:00 Location: HS 1199

Q 28.1 Wed 11:00 HS 1199
Bulk-boundary correspondence for anomalous Floquet topological insula-
tors: winding number and micromotion area — ∙Luca Asteria1,2, Klaus
Sengstock1,2,3, and Christof Weitenberg1,2 — 1Institut for Quantum
Physics, Hamburg University — 2Hamburg Centre for Ultrafast Imaging —
3Center for Optical Quantum Technologies, Hamburg University
Driven Floquet systems can realize topological phases with no static counter-
parts. So-called anomalous Floquet topological insulators (AFTIs) break the
bulk-boundary correspondence based on the Chern number. The winding num-
ber, which predicts the number of edge modes instead, is calculated from the
time evolution operator of the bulk states within one driving period. While
in non-driven system the Chern number also predicts the quantization of the
transversal Hall conductance in the systems bulk, for AFTIs so far, no dynam-
ical bulk observable directly connected to the winding number was identified.
Here we show that the winding number is directly connected to such an observ-
able, namely the area enclosed by an initially localized particle during a Floquet
period. In particular, in the associated fine-tuning limit of the Floquet protocol,
we show that the winding number is exactly given by this area in units of half the
unit cell area. Such a direct real-space detection of anomalous topology could be
realized in several quantum simulation platforms. We also show how, by choice
of the associated fine-tuning protocol, the number and the speed of coexisting
edge modes could be arbitrarily tuned, which may be of relevance for quantum
information and communication applications.

Q 28.2 Wed 11:15 HS 1199
Bosonization analysis for a ring of SU(N) fermions with a single impurity —
∙Andreas Osterloh1, Wayne Chetcuti1, Juan Polo1, and Luigi Amico1,2

— 1Technology Innovation Institute, Masdar City & Yas Island, P.O. box 9639
Abu Dhabi, UAE— 2Dipartimento di Fisica e Astronomia Ettore Majorana, Via
S. Sofia 64, 95127 Catania, Italy
We are using a bosonization analysis for handling a ring lattice carrying SU(N)
fermions. Similar as for bosons, the impurity results in a boundary sine-Gordon
field theory. Their effect on the charge and SU(N)-spin parts of the fields is ana-
lyzed and the charge-current is calculated. Its interconnection with the observed
fractionalization results is discussed in detail.

Q 28.3 Wed 11:30 HS 1199
Heidelberg Quantum Architecture: Fast and modular programmable quan-
tum simulation— ∙TobiasHammel1, MaximilianKaiser1, Philipp Preiss2,
Matthias Weidemüller1, and Selim Jochim1 — 1Physikalisches Institut,
Heidelberg, Germany — 2MPQ, Garching, Germany
Heidelberg Quantum Architecture (HQA) is a new 6Li quantum gas experiment
providing a fast, versatile, and expandable platform for programmable quantum
simulation. In this talk, we report on the realization of these characteristics in
our new 6Li experiment and first experimental findings.

Key components of the experiment are easily exchangeable optical modules,

which include tweezers, a Digital Mirror Device, optical dipole traps, a tune-
able 2D confinement and single atom and spin resolved imaging. Our broad and
easy to expand toolbox will enable experimental cycles of up to 10Hz in the near
future and allow for fast data collection and on-demand quantum simulation.

The current status of the experiment features a 2D-MOT with loading rates of
larger than 108atoms/s loaded into a 3D-MOT. From there the atoms are loaded
via two optical dipole traps into a tweezer, in which we can rapidly evaporate
down to degeneracy.

Q 28.4 Wed 11:45 HS 1199
Emergence of a collective excitation in a mesoscopic Fermi gas— ∙Johannes
Reiter, Philipp Lunt, Paul Hill, Maciej Galka, and Selim Jochim —
Physikalisches Institut, Univeristät Heidelberg, 69120 Heidelberg, Deutschland
Understanding the elementary excitations of strongly interacting many-body
systems in terms of the independent motion of individual particles and their
collective behaviour constitutes a pervasive problem inmany fields ranging from
nuclear physics to cold atoms [1,2].

In this talk, we present the spectroscopic observation of the emergence of the
radial quadrupole mode from the confinement dominated excitation spectrum
in amesoscopic Fermi gas trapped in an optical tweezer. By systematically tuning
the interparticle interactions across the BEC-BCS crossover we investigate the
stability of the mode against single particle excitations and showcase the mea-
surement of its coherent properties. Finally, we discuss the prevailing competi-
tion between the confinement and interaction energy delineating constraints on
the manifestation of collective behaviour in finite-size quantum systems.

[1] B. Mottelson, Science 193 (4250), 287-294 (1976) [2] S. Giorgini et al.,
Rev.Mod.Phys. 80, 125 (2008)

Q 28.5 Wed 12:00 HS 1199
Observation of pairing in a strongly correlated few-fermion system —
∙CarlHeintze, Sandra Brandstetter, KarenWadenpfuhl, Philip Lunt,
Keerthan Subramanian, Marvin Holten, Maciej Galka, and Selim
Jochim—Universität Heidelberg
Strong correlations and entanglement are crucial for many phenomena of mod-
ern physics as high temperature superconductivity and the expansion of the early
universe. They pose a challenging task for theorists and experimentalists. We ad-
dress this problem with few body systems of up to 12 particles. They are large
enough to build up complex correlations but are experimentally well controlled,
allowing us to extract microscopic observables as atom-atom correlations [1].
We work with quasi 2D systems which are prepared in their quantum mechani-
cal ground state with fixed atom number. We use two different matterwave mag-
nification techniques to measure the momentum or position of every single par-
ticle in a spin-resolved way. Recently we observed hydrodynamic behaviour in
an expanding few particle system accompanied by the formation of atom pairs
[2]. As a next step we aim to gain a deeper understanding of pairing by study-
ing real space correlations in the trapped system. Additionally, we want to use
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RF-spectroscopy to extract the energy spectrum [3]. In the future we want to
measure the contact, prepare repulsively interacting systems and observe inter-
ference of identical few body systems.

[1] Holten et al. Nature 606 (2022) [2] Brandstetter et al. arXiv: 2308.09699v1
[cond-mat.quant-gas] [3] Wenz et al. Science 342 (2013)

Q 28.6 Wed 12:15 HS 1199
Realisation of a two-particle Laughlin state with rapidly rotating fermions
— ∙PaulHill1, Philipp Lunt1, Johannes Reiter1, Maciej Galka1, Philipp
Preiss2, and Selim Jochim1 — 1Physikalisches Institut Heidelberg — 2Max-
Planck-Institut für Quantenoptik
The fractional quantum Hall (FQH) effect features remarkable states that due
to their strongly correlated nature and exotic topological properties have stimu-
lated a rich body of research going far beyond the condensedmatter community,
where the effect was originally discovered. One fundamental class of FQH states
is described by the celebrated Laughlin wavefunction, which accounts for a large
number of plateaus in theHall resistivity and already exhibits interesting anionic,
fractionally charged quasi-particle excitations.

Here we present the direct realisation of the two-particle Laughlin wave-
function by rapid rotation of two interacting spinful fermions in a tight optical
tweezer. We owe this result to our newly established experimental tools allow-
ing us to precisely shape and modulate our optical potentials using coherently
interfering laser fields.
Our observations reveal distinctive features of the Laughlin wavefunction, in-

cluding a ground state distribution in the center-of-mass motion, a vortex distri-
bution in the relative motion, correlations in the relative angle of the two parti-
cles, and the suppression of inter-particle interactions. This achievement repre-
sents a significant step towards scalable experiments, enabling the atom-by-atom
assembly of fermionic fractional quantum Hall states in quantum simulators.

Q 28.7 Wed 12:30 HS 1199
Imaging strongly correlated states of the Fermi-Hubbard model — ∙Petar
Bojović1,2, Thomas Chalopin1,2, Dominik Bourgund1,2, Si Wang1,2, Ti-
tus Franz1,2, Johannes Obermeyer1,2, Timon Hilker1,2, and Immanuel
Bloch1,2,3 — 1Max Planck Institute of Quantum Optics — 2Munich Center for
Quantum Science and Technology — 3Ludwig Maximilian University
The Fermi-Hubbard model is a simple yet powerful model that captures much
of the essential physics of high-Tc superconductors. It is naturally realized in
our Quantum Gas Microscope, where we load fermionic 6Li atoms into optical

lattices and conduct site-resolved measurements of their spin and density. Our
experiment serves as a powerful tool to explore quantum phases of a Fermi Hub-
bard diagram.

An example is the pseudogap phase, which exists above the superconduct-
ing transition temperature and is suggested to result from preformed dopant
pairs. Our experiment allows us to calculate two-point and multi-point corre-
lation functions between spins and/or dopants and explore the phase diagram.
Higher-order correlators directly reveal intriguing features about the interaction
of dopants or excitations with the antiferromagnetic background.

Here, I will present measurement of multi-point spin and charge correlators
as a function of doping and temperature. We observe significant higher order
correlations at low temperature and close to half filling, signaling the emergence
of strongly correlated states. This formalism opens a new outlook to the char-
acterization of the real-space and low temperature states of the Fermi-Hubbard
model.

Q 28.8 Wed 12:45 HS 1199
Exploring stripe phase in Fermi-Hubbard model with a quantum gas micro-
scope — ∙Si Wang1,2, Dominik Bourgund1,2, Thomas Chalopin1,2, Petar
Bojović1,2, Titus Franz1,2, Sarah Hirthe4, Immanuel Bloch1,2,3, and Ti-
mon Hilker1,2 — 1Max-Planck Institute of Quantum Optics, Garching, Ger-
many — 2Munich Center for Quantum Science and Technology, Munich, Ger-
many — 3Ludwig Maximilian University of Munich, Munich, Germany —
4ICFO - The Institute of Photonic Sciences, Castelldefels, Spain
The Fermi-Hubbard model is crucial for understanding physics in quasi 2D lay-
ers of high-Tc cuprate superconductors. Investigating the profound connection
between d-wave superconductivity and stripes, essential elements in cuprate or-
dered phases, promises valuable insights. In the isotropic Fermi-Hubbardmodel,
the interplay between the kinetic energy of the dopants and the magnetic en-
ergy of the AFM spin order governs the system and reduces the energy scale for
stripe order well beyond the reach of state-of-the-art cold-atom quantum simu-
lators. To address this, we engineered a mixed-dimensional system, selectively
suppressing particle tunneling along one directionwhilemaintaining 2D spin in-
teractions. This innovative approach tilts the balance in the competition between
kinetic and magnetic energies, and thus elevates characteristic energy scales for
collective effects, allowing us to observe signatures of stripes in our quantum
simulator. Notably, recent discoveries indicate that mixed-dimensional systems
can exhibit a distinct manifestation of high-Tc superconductivity, emphasizing
the significance of our research endeavors in advancing this field.

Q 29: Photonics
Time: Wednesday 11:00–13:00 Location: HS 1221

Q 29.1 Wed 11:00 HS 1221
Thermally Expanded Core Fiber: a Novel Platform for Meta-Fibers —
∙Mohammadhossein Khosravi1,2, Jisoo Kim1,2, Malte Plidschun1,2,
TorstenWieduwilt1, Matthias Zeisberger1, andMarkus Schmidt1,2,3 —
1Leibniz Institute of Photonic Technology, 07745, Jena, Germany— 2Abbe Cen-
ter of Photonics and Faculty of Physics, FSU Jena, 07745, Jena, Germany— 3Otto
Schott Institute of Material Research, FSU Jena, 07745, Jena, Germany
Meta-Fibers, incorporating 3D-printed Metalens technology into optical fiber
facets, offer versatility in imaging, optical trapping, and electromagnetic wave
manipulation. While Single-Mode Fiber (SMF) is prized for its precise output,
its limited mode field diameter presents challenges, often necessitating fusion
splicing with Multi-Mode Fiber (MMF) or intricate 3D-printed structures to ex-
pand the usable beam cross-section. However, these methods are complex and
risk damaging the Meta-Fiber. This study proposes an alternative solution by re-
placing SMF with Thermally Expanded Core (TEC) fiber, known for its signifi-
cantly largermode field diameter. This novel approach facilitates optical trapping
and imaging through the integration of a 3D laser-printed ultra-high numerical
aperture metalens into TEC fibers, demonstrating effective performance in di-
verse environments. The results not only broaden the applications of Meta-Fiber
but also present a more efficient, robust, and scalable solution for optical wave-
front manipulation. Moreover, the study underscores the potential of TEC fibers
in advancing optics and photonics technology.

Q 29.2 Wed 11:15 HS 1221
Overview of waveguides based on Pancharatnam-Berry Phase — ∙Stree
Vithya Arumugam1, Chandroth P Jisha1, Alessandro Alberucci1, and
Stefan Nolte1,2 — 1Friedrich Schiller University, Institute of Applied Physics,
Albert-Einstein-Str. 15, 07745, Jena, Germany — 2Fraunhofer Institute for Ap-
plied Optics and Precision Engineering IOF, Albert-Einstein-Str. 7, 07745, Jena,
Germany
Dielectric optical waveguides utilize refractive-indexmodulation to confine light
by manipulating the dynamic phase gained across the beam cross-section. Re-
cently, it was shown that waveguides based on the Pancharatnam-Berry phase

(PBP) can guide light without any transverse refractive-index gradient. A PBP
waveguide is realizable in an anisotropic material, if a point-dependent rotation
of the optic axis across the transverse plane is accompanied by a periodic ro-
tation along the propagation direction. Ideally, the modulation period must be
synchronized with the natural rotation of light polarization to permit a net ac-
cumulation of PBP: in this case a spin-dependent effective trapping potential
proportional to the rotation axis emerges.

Here, we theoretically investigate the properties of the PBP waveguide ad-
dressing the robustness of the confinement in the presence of a mismatch be-
tween the birefringence length and the modulation period. In the spatial do-
main, such a mismatch provides an additional degree of freedom in controlling
the polarization structure of the quasi-modes. In the temporal domain, the PBP
waveguides exhibit a higher optical dispersion than GRINwaveguides due to the
inherent resonance condition.

Q 29.3 Wed 11:30 HS 1221
Multiple quasi-phase-matched dispersive waves generation in dispersion os-
cillating liquid-core-fibers — ∙Xue Qi and Markus A. Schmidt — Leibniz
Institute of Photonic Technology, Albert-Einstein-Str. 9, 07745 Jena, Germany
Widely wavelength-tunable femtosecond light sources play a vital role in many
research fields and technologies. Although fiber lasers are on the edge in the
development of such sources, the widespan spectral tunability of femtosecond
pulses remains a prime challenge. Dispersive wave (DW) generation, offers a
powerful approach to fulfill these demands. In this work, the concept of quasi-
phase-matching (QPM) for multi-order DW formation with record-high spec-
tral fidelity and femtosecond durations is exploited. We introduce liquid(CS2)-
core fibers (LCFs) with periodically controlled dispersion of a higher-order
mode along the fiber, achieved by axial modulation of the liquid core diameter.
The implementation of LCFs with periodically varying core diameters is realized
by controlled partial collapses of the hole of a fiber-type silica capillary and sub-
sequently filling it with CS2. By launching femtosecond pulses (1570 nm, 36 fs)
through an s-waveplate and an in-coupling lens to excite the TE01-mode in the
5 cm long LCFs, multiple QPM-related spectral peaks are formed on both sides
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of the DW0 (referred as the zero-order DW, at 2.4 μm) extending the spectrum
to 3 μm. The density of these QPM-DWs can be tuned by the period length of
the diameter-modulated LCFs. Optical experiments and nonlinear simulations
confirm the conversion process.

Q 29.4 Wed 11:45 HS 1221
Selective Higher Order Mode Excitation in a Nanoprinted Hollow Square-
Core Waveguide — ∙Diana Pereira1,2, Marta S. Ferreira1, and Markus
A. Schmidt2 — 1i3N & Physics Department, University of Aveiro, Portugal —
2Leibniz Institute of Photonic Technology, Jena, Germany
Tailoring the excitation of higher order modes (HOM) is of great importance
across several applications within the photonics field, including optofluidics
sensing, nonlinear phenomena generation, imaging, and in fiber communica-
tion systems. Nevertheless, effectively exciting specificHOM still remains a chal-
lenge. Currently, HOM can be achieved resorting to certain optical devices such
as spatial light modulators and modal couplers. However, these devices are not
fully integrated in the waveguide, which can impose some drawbacks such as dif-
ficult coupling and the requirement of high precision in the alignment. With the
recent advancements in the 2-photon polymerization (2PP) printing technology,
a novel methodology for the excitation of HOM can be explored. The figures of
merit of this method rely on the capability of designing extremely smooth struc-
tures at a nanoscale, and with a very high detail accuracy. Thus, new platforms
based on a waveguide integrated modulator are being pursuit. Within this con-
text, we present a reliable and highly reproducible method to effectively exciting
HOM. Resorting to the 2PP technology, a nano-phase plate integrated into a
nanoprinted hollow square core waveguide is proposed. The 580 nm thick phase
plate is configured in two different designs, inducing the excitation of the LP11
and LP12 modes.

Q 29.5 Wed 12:00 HS 1221
Engineering and characterization of phase randomness in driven χ3 opti-
cal resonators — ∙Sayonil Mollah1, Christopher Spiess1,2, Meritxell
Cabrejo Ponce1,2, and FabianOliver Steinlechner1,2 — 1Friedrich Schiller
University, Institute of Applied Physics, Abbe Center of Photonics, Albert-
Einstein-Strasse 15, Jena 07745, Germany — 2Fraunhofer Institute for Applied
Optics and Precision Engineering, Albert-Einstein-Strasse 7, Jena 07745, Ger-
many
Optical parametric oscillators (OPO) have long been used as a source of tun-
able, narrow-linewidth and coherent light in various aspects of photonics. Par-
ticularly, the recent applications of twin frequency degenerate OPOs have gar-
nered attention in quantum technologies for quantum random number genera-
tion (QRNG). This is due to the randomness of the generated signal/idler fields
which causes them to lock on to the pump field, when the gain is above thresh-
old. Since the signal and idler fields are offset by a phase π, the phase sensitive
gain gives rise to a bi-phase state.

Here, we present experimental efforts to generate and characterize a bi-phase
state from a degenerate OPO in a silicon nitride (χ3) microresonator and a fiber
cavity. The output from a dual wavelength pulse-pumped resonator is collected
andmeasured in time and spectral domains. The degenerate signal is filtered and
self-interfered to characterize the phase. Additionally, we perform simulations
and theoretical calculations to establish suitable operational regimes for stable
oscillation. Our results pave the way for an all optical QRNG with a simplified
detection protocol and no post-processing.

Q 29.6 Wed 12:15 HS 1221
Light-propelled anisotropic refractive microswimmers — ∙Matthias
Rüschenbaum1, ElenaVinnemeier1, Jörg Imbrock1, andCorneliaDenz1,2
— 1Institute of Applied Physics, Münster, Germany— 2Physikalisch-Technische
Bundesanstalt (PTB), Braunschweig, Germany
Self-propelled microswimmers offer a wide range of applications, for example in
biomedicine or colloidal systems. Among the various drive mechanisms, light-
propelled microswimmers offer many advantages such as high biocompatibility
and precise control. In our approach, the refraction of light provides a directed
propulsion for the particles. These particles have an asymmetric geometry and
are several micrometers in size. In addition, chiral particle shapes ensure a ro-
tating motion. The light-driven microswimmers are fabricated by direct laser
writing using two-photon polymerization, which enables high versatility and ac-
curacy. The laser light-induced movement is then evaluated and compared for
the different particle shapes.

Q 29.7 Wed 12:30 HS 1221
Fabrication of mechanically tunable 3D protein-based hydrogel microstruc-
tures by two-photon lithography for on-chip cell microenvironments —
∙Jesco Schönfelder1, Dustin Dzikonski1, Dominika Ciechanska2, Jörg
Imbrock1, CorneliaDenz3, and Albrecht Schwab2 — 1Institute of Applied
Physics, University of Münster, Germany — 2Institute of Physiology II, Univer-
sity of Münster, Germany— 3Physikalisch-Technische Bundesanstalt, Germany
Microfluidic polydimethylsiloxane (PDMS) devices are a powerful tool for mim-
icking in-vivo cell microenvironments. PDMS offers high experimental ver-
satility and biocompatibility while microfluidic channels provide laminar flow
and allow for thoroughly monitored flow parameters. However, the tunability
of mechanical and topological properties of PDMS microchannels is limited by
the spatial precision of the applied fabrication method. We utilize two-photon
lithography to fabricate spatially intricate 3D protein-based hydrogel structures
with sub-micron resolution in order to create defined cell environments with
high biocompatibility and tissue-like elasticity. The direct writing procedure al-
lows for fabricated structures to be embedded into microfluidic channels. Via
variation of the exposure time and illumination intensity, the mechanical prop-
erties of the polymerized media can be tuned. We present results on Young’s
moduli of the hydrogel structures measured by atomic forcemicroscopy and dis-
cuss applications of the 3D microstructures for biophotonic applications.

Q 29.8 Wed 12:45 HS 1221
Characterizing of complex random media and biological tissue with self-
consistent quantum field theory — Andreas Lubatsch1 and ∙Regine
Frank2,3 — 1Physikalisches Institut, Rheinische FriedrichWilhelms Universität
Bonn — 2College of Biomedical Sciences, Larkin University, Miami, Florida,
USA— 3Donostia International Physics Center, 20018 Donostia-San Sebastian,
Spain
We present a quantum field theoretical method for characterizing disordered
complex media with short laser pulses and (OCT). We introduce so called
weighted essentially non-oszillatory solvers (WENO) for the analysis of highly
nonlinear and discontinuous processes including interference effects andAnder-
son localization of light in time-of-flight (ToF) and pump-probe experiments.
The results are a measure of the coherence of multiple scattering photons in pas-
sive matter as well as in soft mat-ter and biological tissue.

[1] A. Lubatsch, R. Frank, Phys. Rev. Research 2, 013324 (2020) [2] D. Huang,
et. al., Science 254, 1178 (1991) [3] K. C. Zhou, et. al.,Nat. Photon. 13, 794 (2019)

Q 30: Color Centers I
Time: Wednesday 11:00–13:00 Location: HS 3118

Q 30.1 Wed 11:00 HS 3118
Spectral stability of V2-centres in sub-micron 4H-SiC membranes —
∙Jonah Heiler1,2, Jonathan Körber2, Erik Hesselmeier2, Pierre Kuna2,
Rainer Stöhr2, Philipp Fuchs3, Misagh Ghezellou4, Jawad Ul-Hassan4,
Wolfgang Knolle5, Christoph Becher3, Florian Kaiser1,2, and Jörg
Wrachtrup2 — 1MRTDepartment, Luxembourg Institute of Science andTech-
nology & Department of Physics and Materials Science, University of Luxem-
bourg, Belvaux, Luxembourg— 23rd Institute of Physics, University of Stuttgart,
Germany — 3Universität des Saarlandes, Fachrichtung Physik, Saarbrücken,
Germany— 4Department of Physics, Chemistry and Biology, LinköpingUniver-
sity, Sweden — 5Leibniz-Institute of Surface Engineering (IOM), Leipzig, Ger-
many
Colour centres in solids emerge as a promising quantum technology platform,
since they inherently provide a spin-photon interface. Overcoming its low pho-
ton extraction efficiency requires nanophotonic structuring, which can reduce
the colour centres’ spectral stability. Here, we focus on silicon vacancy colour
centres in the industry’s leading third-generation semiconductor silicon carbide

and show a systematic large-scale study of their optical properties in sub-μm
membranes. We develop a highly reproducible recipe to produce those mem-
branes using chemical mechanical polishing together with reactive ion etching.
Further, we observe close-to lifetime limited optical linewidths with almost no
signs of spectral wandering in 0.7 μmmembranes. Our findings open the avenue
for the integration of silicon vacancies into a variety of nanophotonic structures
that improve the photon extraction.

Q 30.2 Wed 11:15 HS 3118
Photon-collection enhancement of V2-centers integrated in a cavity-
based 4H-SiC antenna. — ∙Jonathan Körber1, Jonah Heiler1,2, Erik
Hesselmeier1, Pierre Kuna1, Rainer Stöhr1, Philipp Flad3, Philipp
Fuchs4, Misagh Ghezellou5, Jawad Ul-Hassan5, Wolfgang Knolle6,
Christoph Becher4, Florian Kaiser1,2, and Jörg Wrachtrup1 — 13rd In-
stitute of Physics, University of Stuttgart, Germany — 2MRT Department, Lux-
embourg Institute of Science and Technology & Department of Physics and
Materials Science, University of Luxembourg, Belvaux, Luxembourg — 34th
Physics Institute, University of Stuttgart, Germany — 4Universität des Saarlan-
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des, Fachrichtung Physik, Saarbrücken, Germany — 5Department of Physics,
Chemistry and Biology, Linköping University, Sweden — 6Leibniz-Institute of
Surface Engineering (IOM), Leipzig, Germany
Color centers in semiconductors promise various applications for quantum tech-
nologies. However, due to the typically large refractive indices of the host mate-
rials, photons are extracted inefficiently from such color centers, while high pho-
ton count rates are a key requirement for many applications. Here, we present
the fabrication of a planar, cavity-based antenna based on silver-coated, sub-
micron-thin silicon carbide membranes to increase the photon extraction from
integrated silicon-vacancy color centers. Further, we report a count rate en-
hancement of up to one order of magnitude for single, cavity-integrated color
centers compared to bulk and find stable, resonant absorption lines at cryogenic
temperatures.

Q 30.3 Wed 11:30 HS 3118
Towards Quantum Computing with Divacancies in Silicon Carbide —
∙Flavie Marquis, Jonah Heiler, and Florian Kaiser — MRT Department,
Luxembourg Institute of Science and Technology & Department of Physics and
Materials Science, University of Luxembourg, Belvaux, Luxembourg
Colour-centres provide an excellent platform for quantum technology. They en-
able a pairing of spin-photon interfaces with robust qubits and memories. The
nitrogen-vacancy (NV) centre in diamond has lead most of the developments.
However, new promising systems are being investigated [1]. Here, we consider
stacking-fault divacancies (sf-VVs) in silicon carbide (SiC). The sf-VV centre re-
sembles the diamond-NV in terms of spin level structure, spin-control fidelities,
high ODMR contrast at room temperature, nuclear spin control capabilities and
adequately high photon count rates [2]. Since sf-VV centres are integrated into a
semiconductor host, they benefit from industry technology, such as integration
into p-i-n diodes for wavelength tuning [3], as well asmature nanofabrication for
improving optical efficiencies [4]. Here, we present our first results on fabrica-
tion and control of sf-VVs in SiC at room temperature, including spin coherence
times and control fidelities. An outlook towards high-level nuclear spin control
within the di-atomic lattice is discussed.

[1] Nat. Photonics 12, 516 (2018)
[2] Nat. Sci. Rev. 9, nwab122 (2022)
[3] Science 366, 1225 (2019)
[4] Nat. Mater. 21, 67 (2022)

Q 30.4 Wed 11:45 HS 3118
Waveguide-coupled single photon source in silicon carbide — ∙Marcel
Krumrein1, Raphael Nold1, Flavie Davidson-Marquis2, Arthur
Bourama1, Erik Hesselmeier1, Ruoming Peng1, Lukas Niechziol1, Di
Liu1, Rainer Stöhr1, Patrick Berwian3, Jawad Ul-Hassan4, Florian
Kaiser2, and Jörg Wrachtrup1 — 13rd Institute of Physics, University of
Stuttgart, Germany— 2MRT Department, Luxembourg Institute of Science and
Technology, Luxembourg — 3Fraunhofer Institute for Integrated Systems and
Device Technology IISB, Germany — 4Department of Physics, Chemistry and
Biology, Linköping Unversity, Sweden
Spin defects in silicon carbide are promising quantum emitters for quantum in-
formation applications. The silicon vacancies V1 and V2 in 4H-SiC possess very
promising spin-optical properties, as lifetime-limited emission and a rich nu-
clear spin bath. However, the collection efficiency of bulk emitters is very poor,
leading to low photon count rates, and thus, long measurement times. To ad-
dress this, we integrate V2 defects into single mode nanobeams [1] and collect
the emitted photons by tapered fibers [2]. Here, we present the characterization
of the waveguide-fiber interface experimentally and theoretically with coupling
efficiencies exceeding 93%. Using this interface, the emission of waveguide-
integrated, single V2 centers was proven with saturated photon count rates of
181 kcps. Finally, we perform Rabi and Hahn-Echo sequences to show the ac-
cessibility of the defect’s spin.

[1] C. Babin et al., Nat. Mater. 21, 67 (2022). [2] M. J. Burek et al., Phys. Rev.
Applied 8, 024026 (2017).

Q 30.5 Wed 12:00 HS 3118
Single-photon emission from silicon-vacancy color centers in polycrystalline
diamond membranes — ∙Assegid Flatae1,2, Florian Sledz1,2, Haritha
Kambalathmana1,2, Stefano Lagomarsino3,4, Silvio Sciortino3,4,5, and
Mario Agio1,2,5 — 1Laboratory of Nano-Optics, University of Siegen, 57072
Siegen, Germany — 2Cμ-Research Center of Micro- and Nanochemistry and
(Bio)Technology, University of Siegen, 57068 Siegen, Germany — 3Istituto
Nazionale di Fisica Nucleare, Sezione di Firenze, 50019 Sesto Fiorentino, Italy
— 4National Institute of Optics (INO), National Research Council (CNR), 50125
Florence, Ital — 5National Institute of Optics (INO), National Research Council
(CNR), 50125 Florence, Italy

Single-color centers in thin polycrystalline diamond membranes are of interest
in integrated quantum photonics and hybrid quantum systems. However, their
practical application was so far limited by crystallographic defects, impurities
and graphitic grain boundaries. We report on a single-photon source based on
silicon-vacancy color centers in a polycrystalline diamond membrane, we dis-
cuss the spectroscopic approach and the photophysics, reaching g2(0)= 0.04.

Q 30.6 Wed 12:15 HS 3118
Creation of a single SiV center in nanodiamond by ion implantation— ∙Tim
Buskasper1,2 and Carsten Schuck1,2 — 1Center for Soft Nanoscience, Mün-
ster, Germany — 2Center for Nanotechnology, Münster, Germany
Single photon emitters are a crucial component in the further development of
quantum technologies such as quantum computers or quantum key distribu-
tion. For this purpose, especially group IV defects in diamond are promising
candidates due to their robustness, short lifetime, and large Debye-Waller fac-
tor. However, the production of a single color center in (nano)diamonds remains
a persistent challenge.

Here, we report on the successful generation of SiV centers in nanodiamonds
through ion implantation using a focus ion beam technique, followed by ther-
mal post-treatment. Notably, we present the creation of both: ensembles and a
single SiV center in a nanodiamond. The single SiV center exhibits a lifetime of
t1 = (2.40 ± 0.17) ns and д(τ = 0) = 0.08.
Our fabrication process is enhanced by an automatic mark detection system

in our FIB system and in combination with our precise nanoparticle placement
technique, the creation approach becomes scalable and semi-automatable. Fur-
thermore, integration of the single nanodiamond into nanophotonic circuits is
feasible, paving the way for fully integrated nanophotonic devices.

Q 30.7 Wed 12:30 HS 3118
Spin Control of Silicon-Vacancy Centers in Nanodiamonds — ∙Marco
Klotz1, Andreas Tangemann1, Viacheslav Agafonov2, and Alexander
Kubanek1 — 1Institute for Quantum Optics, University Ulm, Germany —
2GREMAN, UMR 7347 CNRS, INSA-CVL, Tours University, 37200 Tours,
France
For the realization of quantum networks, qubits that can be interfaced with
scalable photonic technologies are of major interest. Due to their good opti-
cal and spin properties [1], group IV defects in diamond are promising candi-
dates for these applications. We are using negatively-charged silicon-vacancy-
centers hosted in nanodiamonds that can be integrated into photonic structures.
Compared to bulk diamond, SiVs hosted in a nanodiamond experience less de-
phasing due to a combination of locally modified phonon density of states and
increased ground-state splitting [2]. Hence, they are a candidate for operation
above mK temperature, decreasing the technological overhead. Here, we present
our progress in characterizing and controlling the electron-spin qubit of a SiV- in
a nanodiamond at liquid Helium temperature for future application in quantum
networks.

[1] R. Waltrich et al., Two-photon interference from silicon-vacancy centers
in remote nanodiamonds, 10.1515/nanoph-2023-0379

[2] M. Klotz et al., Prolonged Orbital Relaxation by Locally Modified
Phonon Density of States for the SiV- Center in Nanodiamonds, 10.1103/Phys-
RevLett.128.153602

Q 30.8 Wed 12:45 HS 3118
Thin-film 4H-silicon carbide-on-Insulator for spin-mechanical applications
— ∙Yan Tung Kong — 3. Physikalisches Institut, Universität Stuttgart,
Stuttgart, Germany
High-quality, wafer-scale, thin-film silicon carbide (SiC) holds significant po-
tential in the realms of modern microelectromechanical systems (MEMS), in-
tegrated nonlinear photonic circuits, and quantum photonics. Nevertheless,
the properties of thin-film SiC often suffer a significant degradation compar-
ing to bulk crystals, primarily due to surface damage incurred during bond-
ing and thinning processes. In this study, we present a successful demonstra-
tion of the complete process flow for thin-film 4H-silicon carbide-on-Insulator
(4H-SiCOI). Our approach integrated plasma activation bonding, ChemicalMe-
chanical Polishing (CMP), and Inductively Coupled Plasma Etching (ICP-RIE)
techniques, effectively mitigating surface damage and ensuring the production
of high-quality thin-film SiC with preserved properties. Furthermore, we fab-
ricated nano-mechanical and photonic SiC devices featuring implanted Si va-
cancies within our SiC thin films (<1 um). This provides a unique platform for
exploring spin-phonon-photon dynamics in nanoscale opto-mechanical devices.
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Q 31: Quantum Communication IV
Time: Wednesday 11:00–13:00 Location: HS 3219

Q 31.1 Wed 11:00 HS 3219
Free-Space QuantumKey Distribution at Daylight using the SodiumD2 Line
— ∙Ilija Funk, Yagana Syed, and Ilja Gerhardt— Leibniz University Han-
nover, light & matter group, Appelstrasse 2, 30167 Hannover
Quantum key distribution is a promising pathway to secure communication in
the future. Currently, quantum communication channels usually are realized
through a fiber or a free-space network. While the latter offers much longer
transmission distances of hundreds of kilometers compared to fiber links, it suf-
fers from reduced transmission rates during daytime due to increased detection
noise from sunlight. To circumvent this problem, we propose a free-space link
based on entangled photon pairs with a wavelength of 589 nm. This wavelength
coincides with the sodium D2 line which is one of the most prominent Fraun-
hofer lines. Hence during daytime, the reduced amount of sunlight at this wave-
length should allow for an improved transmission rate. Our research project in-
cludes the creation of entangled photon pairs at 589 nm, setting up a free-space
link over several kilometers using telescopes, and demonstrating quantum key
distribution using the BBM92 protocol. We report on our latest progress.

Q 31.2 Wed 11:15 HS 3219
A scalable quantum register for multiplexed atom-photon entanglement
— ∙Lukas Hartung1, Matthias Seubert1, Stephan Welte2, Emanuele
Distante1, and Gerhard Rempe1 — 1Max-Planck-Institut für Quantenoptik,
Hans-Kopfermann-Str. 1, 85748 Garching — 2ETH Zürich, Otto-Stern-Weg 1,
8093 Zürich
Trapped atoms in the centre of a cavity have been used for the efficient generation
of atom-photon entanglement[1]. However, in past experiments the number of
atoms in the resonator was limited to at most two[2], as the loading of individual
atoms was based on probabilistic schemes. To overcome this limitation, we have
extended our setup with an addressing system that allows to load presently up to
six atoms into the cavity using optical tweezers. Additionally, the system enables
individual addressing of the atoms to generate atom-photon entangled pairs via
a vaccum STIRAP[3]. We show that the fidelity of this entanglement process
is independent of the number and spatial arrangement of the atoms, which is
an indicator of the scalability of our system. Finally, we use the setup to gener-
ate atom-photon entanglement in a multiplexed way with an efficiency of up to
88.6(1)%.

[1] Philip Thomas et al., Efficient generation of entangled multiphoton graph
states from a single atom. Nature 608, 677-681 (2022).

[2] Stephan Welte et al., Photon-Mediated Quantum Gate between Two Neu-
tral Atoms in an Optical Cavity, Phys. Rev. X 8, 011-018 (2018).
[3] Tatjana Wilk et al., Single-Atom Single-Photon Quantum Interface. Sci-

ence 317, 488-490 (2007).

Q 31.3 Wed 11:30 HS 3219
Towards time-energy entanglement swapping of asynchronous sources —
∙Karen Lozano-Mendez1,2, Markus Leipe1,2, Sakshi Sharma1,2, Meritx-
ell Cabrejo Ponce1,2, and Fabian Steinlechner1,2 — 1Fraunhofer Institute
for Applied Optics and Precision Engineering IOF, 07745 Jena, Germany —
2Friedrich Schiller University Jena, Institute of Applied Physics, Abbe Center
of Photonics, Albert-Einstein-Str. 15, 07745 Jena, Germany
Time-energy entanglement in photons is a robust choice for fiber-based quan-
tum communications. Entanglement can be ’swapped’ if two independent entan-
gled photons pairs are prepared and a Bell state measurement is made between
two photons, one from each source. This will project the two remaining, non-
interacting photons in an entangled state. Entanglement swapping has been suc-
cessfully executed using synchronized, pulse-pumped sources. However, only a
few realizations using a continuous wave pump have been reported.

We use entangled photon pairs generated independently via SPDC from two
integrated ppLN waveguides, which are pumped by a 775nm CW laser. The
down converted photons have a center wavelength of 1550 nm and are further
filtered using Fiber Bragg Gratings with 45pm bandwidth at the wavelengths of
1530 nm (signal) and 1570 nm (idler) for each pair. The signal photons inter-
fere in a beam splitter and the four-fold coincidence rate is measured using a
time-tagging device, yielding over 150 counts per hour.

The present work is the first step towards high-efficient time-energy entangle-
ment swapping between asynchronous sources.

Q 31.4 Wed 11:45 HS 3219
Experimental boosted linear-optical Bell-state measurement — ∙Nico
Hauser, Matthias Bayerbach, Simone D’Aurelio, and Stefanie Barz —
Universität Stuttgart, Institut für funktionelleMaterie undQuantentechnologien
Bell-state measurements are integral to many quantum communication and
computation protocols. The conventional scheme for a linear-optical Bell-state
measurement provides only a definite identification for two out of the four Bell
states, resulting in an overall efficiency of 50%. Here we implement a scheme

that significantly increases this efficiency by using an entangled ancillary pho-
ton pair and a fibre-based balanced 4x4 splitter. Using this scheme, we achieve
a significant increase of the Bell-state measurement efficiency compared to the
standard scheme.

Q 31.5 Wed 12:00 HS 3219
Quantum communication protocols over the 14-km Saarbrücken fiber link
— ∙ChristianHaen, StephanKucera, ElenaArenskötter, JonasMeiers,
Tobias Bauer, and Jürgen Eschner — Universität des Saarlandes, Saar-
brücken, Deutschland
Existing telecom-fiber infrastructure provides the basis for creating large scale
quantum networks, potentially leading to the implementation of a quantum in-
ternet. The deployment of glassfibers for this purpose poses certain challenges,
especially in urban areas, such as large disturbances in polarization.

We report on a 14-km long dark fiber link running across the Saarbrücken
urban area, which we characterize for quantum networking by transmission of
polarization- or time-bin-encoded photonic quantum bits. We stabilize the po-
larization of the fiber link and demonstrate quantum networking operations us-
ing a 40Ca+ single-ion quantum memory, an ion-resonant entangled photon-
pair source, and quantum frequency conversion from the atomic wavelength to
the telecom C-band. We realize dual-wavelength photon-photon entanglement,
entanglement between an ion and a telecom photon, and teleportation of a qubit
state from the ion onto a telecom photon transmitted over the link.

Q 31.6 Wed 12:15 HS 3219
Towards polarization entanglement distribution in ametropolitan dark-fibre
network in Berlin— ∙William Staunton1, Sebastian Brauner2, Kai-Hong
Luo2, Harald Herrmann2, and Oliver Benson1 — 1Humboldt University,
Berlin, Germany — 2Paderborn University, Paderborn, Germany
Efficient distribution of entanglement is essential in the potential realization of a
quantum internet[1]. Thanks to thematurity of the classical telecommunications
industry, a worldwide network of single-mode optical optical fibres is already in
existence. With such an infrastructure and quantum repeater functionalities we
could move towards distributed quantum computation and quantum communi-
cation on a global scale. We present the work towards polarization entanglement
distribution in a metropolitan, field-installed dark-fibre network in Berlin. With
focus on results of the active polarization stabilization employed. We also intro-
duce the novel, degenerate, resonant, type-II periodically poled LithiumNiobate
(PPLN) spontaneous parametric down-conversion (SPDC) waveguide source[2]
producing entangled photon pairs with high brightness and narrow linewidth.
Crucially, such sources emit photons with pure spectral states. With an emis-
sion bandwidth optimized for interactingwith quantummemories, we showhow
the source is optimized for quantum repeater demonstrations. [1] Kimble, H. J.
(2008). The quantum internet. Nature, 453(7198), 1023*1030. [2] K.-H. Luo et
al., Phys. Rev. Lett. 115, 200401 (2015).

Q 31.7 Wed 12:30 HS 3219
Deployment and optimization of high-dimensional QKD on a 1.7 km
free-space link — ∙Karolina Paciorek1, Christopher Spiess1,2, Sarika
Mishra1, and Fabian Steinlechner1,2 — 1Fraunhofer Institute for Applied
Optics and Precision Engineering, Albert-Einstein-Strasse 7, Jena 07745, Ger-
many— 2Friedrich Schiller University, Institute of Applied Physics, Abbe Center
of Photonics, Albert-Einstein-Strasse 15, Jena 07745, Germany
Quantum Key Distribution (QKD) is a method for establishing a secure encryp-
tion key using a quantum optical sender, a transmission link, and an optical re-
ceiver. When QKD is implemented over short distances with low losses, such as
in data centers or intercity links, then the maximum secure key rate is typically
limited by saturation of the single-photon detectors at the receiver. To overcome
this limitation, high-dimensional QKD protocols can be implemented.

High-dimensional QKD protocols enable encoding more information into
one photon, which enables operation at photon rates that no longer saturate the
detectors. We show this at the example of a weak coherent source in a time-
phase encoding scheme. Furthermore, we demonstrate the transfer of key mate-
rial over a 1.7 km intercity free-space link. Our demonstration is accompanied
by finite-key analysis together with an extensive parameter optimization in ex-
periment and simulations to maximize the key rate. Our results show that high-
dimensional QKD with weak coherent sources is a promising avenue towards
versatile communication scenarios, including areas with difficult access such as
rapidly changing metropolitan spaces or in satellite communication.

Q 31.8 Wed 12:45 HS 3219
A quantum frequency converter for entanglement distribution across a
metropolitan network — ∙Maya Büki, Gianvito Chiarella, Tobias Frank,
Pau Farrerra, Emanuele Distante, and Gerhard Rempe — Max-Planck-
Institute for Quantum Optics, Garching, Germany
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Single atoms in a cavity serve as a suitable building block for quantum networks
as cavities offer an ideal interface between light and matter qubits in terms of
both efficiency and fidelity. Within this scope, we can efficiently entangle the
spin states of Rubidium (Rb) atoms with optical polarization qubits. Despite of-
fering numerous capabilities for quantum networks, such as being a source of
(complex) atom-photon entanglement, enabling heralding quantum memories,
and facilitating quantum repeaters, there is a drawback when aiming for long-
distance quantum networks, and that is the wavelength of the optical qubit at
λRb = 780 nm, causing intrinsic fiber losses to be quite high.

To circumvent these losses, a quantum frequency conversion to the tele-
com regime becomes necessary. Here, we demonstrate a quantum frequency
converter (QFC) that exhibits a good efficiency and high signal-to-noise ratio.
Alongside a narrow filtering system this QFC will be employed to connect two
quantum nodes through 23km of optical fiber across the metropolitan area of
Munich. We will present preliminary results about this fiber channel outside the
lab, with the prospect of distributing entanglement across a real world quantum
network link.

Q 32: Fermionic Quantum Gases II (joint session Q/A)
Time: Wednesday 14:30–16:30 Location: Aula

Q 32.1 Wed 14:30 Aula
Exact one-particle density matrix for SU(N) fermionic matter-waves in the
strong repulsive limit — ∙Andreas Osterloh1, Wayne Chetcuti1, Juan
Polo1, and Luigi Amico1,2 — 1Technology Innovation Institute, Masdar City
and Yas Island, P.O. box 9639Abu Dhabi, UAE — 2Dipartimento di Fisica e As-
tronomia Ettore Majorana, Via S. Sofia 64, 95127 Catania, Italy
We consider a gas of repulsive N-component fermions confined in a ring-shaped
potential, subject to an effective magnetic field. For large repulsion strengths, we
work out a Bethe ansatz scheme to compute the two-point correlation matrix
and then the one-particle density matrix. Our results holds in the mesoscopic
regime of finite but sufficiently large number of particles and system size that are
not accessible by numerics. We access the momentum distribution of the system
and analyse its specific dependence of interaction, magnetic field and number
of components N. In the context of cold atoms, the exact computation of the
correlation matrix to determine the interference patterns that are produced by
releasing cold atoms from ring traps is carried out.

Q 32.2 Wed 14:45 Aula
Universal Entropy Transport in Fermionic Superfluids across the BEC-BCS
Crossover — Jeffrey Mohan, ∙Simon Wili, Philipp Fabritius, Mohsen
Talebi, Meng-ZiHuang, and Tilman Esslinger—ETH Zürich, Otto-Stern-
Weg 1, 8093 Zürich, Switzerland
Particle transport between two superfluids is often associated with reversible,
entropy-free supercurrents, such as in the Josephson and fountain effects. How-
ever, this only applies to weakly-coupled superfluids in the linear response
regime. Here, we experimentally investigate particle and entropy flow within
a ballistic channel, strongly coupling two superfluids across the BEC-BCS
crossover. Our observations reveal large currents of both particles and entropy.
While these currents depend on the channel’s geometry, the entropy transported
per particle appears constant across different geometries. Instead, it is influenced
by the interaction strength and reservoir degeneracy. This suggests that the non-
equilibrium currents flowing through the channel inherit the universal equilib-
rium properties from the reservoirs. Moreover, when distinguishing advective
and diffusive entropy currents, we find that the Wiedemann Franz law, which
describes the relation of these currents in Fermi liquids, is strongly violated at
unitarity but partially restored on the BCS side. The present observations raise
fundamental questions about transport in strongly interacting, non-equilibrium
Fermi systems.

Q 32.3 Wed 15:00 Aula
Unravelling Interaction and Temperature Contributions in Unpolarized
Trapped Fermionic Atoms in the BCS Regime — ∙Sejung Yong, Sian Bar-
bosa, Jennifer Koch, Felix Lang, Axel Pelster, and Artur Widera —
Physics Department and Research Center OPTIMAS, Kaiserslautern-Landau,
Germany
In the BCS limit density profiles for unpolarized trapped fermionic clouds of
atoms are largely featureless. Therefore, it is a delicate task to analyze them in or-
der to quantify their respective interaction and temperature contributions. Tem-
perature measurements have so far been mostly considered in an indirect way,
where one sweeps isentropically from the BCS to the BEC limit. Instead we sug-
gest here a direct thermometry, which relies on measuring the column density
and comparing the obtained data with a Hartree-Bogoliubov mean-field theory
combined with a local density approximation. In case of an attractive interac-
tion between two-components of 6Li atoms trapped in a tri-axial harmonic con-
finement we show that minimizing the error within such an experiment-theory
collaboration turns out to be a reasonable criterion for analyzing in detail mea-
sured densities and, thus, for ultimately determining the sample temperatures.
The findings are discussed in view of various possible sources of errors.

[1] S. Yong, S. Barbosa, J. Koch, F. Lang, A. Pelster, and A. Widera,
arXiv:2311.08853

Q 32.4 Wed 15:15 Aula
A quantum engine in the BEC-BCS crossover— ∙Jennifer Koch1, Keerthy
Menon2, EloisaCuestas2,3, SianBarbosa1, EricLutz4, ThomásFogarty2,
ThomasBusch2, andArturWidera1 — 1Department of Physics andResearch
Center OPTIMAS, RPTU Kaiserslautern-Landau, Germany — 2OIST Graduate
University, Onna, Japan — 3Enrique Gaviola Institute of Physics, Córdoba, Ar-
gentina — 4Institute for Theoretical Physics I, University of Stuttgart, Germany
Heat engines convert thermal energy into mechanical work both in the classi-
cal and quantum regimes. However, quantum theory offers genuine nonclassi-
cal forms of energy, different from heat, which so far have not been exploited
in cyclic engines to produce useful work. In this talk, I will discuss a recently
realized quantum many-body engine fuelled by the energy difference between
fermionic and bosonic ensembles of ultracold particles that follows from the
Pauli exclusion principle [1]. We employ a harmonically trapped superfluid gas
of 6Li atoms close to a magnetic Feshbach resonance, which allows us to effec-
tively change the quantum statistics from Bose-Einstein to Fermi-Dirac by tun-
ing the gas between a Bose-Einstein condensate of bosonic molecules and a uni-
tary Fermi gas (and back) through a magnetic field. The talk will focus on the
quantum nature of such a Pauli engine. Additionally, I will present the pressure-
volume diagram of the new kind of engine and show how the engine behaves
after multiple cycles. Our findings establish quantum statistics as a useful ther-
modynamic resource for work production. [1] J. Koch et al., Nature 621, 723
(2023)

Q 32.5 Wed 15:30 Aula
A generalized formalism to describe multi-channel Hartree-Fock-
Bogoliubov interactions in fermionic systems — ∙Nikolai Kaschewski1,
Axel Pelster1, and Carlos A. R. Sá de Melo2 — 1Physics Department and
ResearchCenterOPTIMAS, RPTUKaiserslautern-Landau, Germany— 2School
of Physics, Georgia Institute of Technology, Atlanta, USA
A simplified description of fermionic systems relies on the Hartree-Fock-
Bogoliubov (HFB) approximation, where the interaction is decomposed into
distinct channels. However, an major issue with this procedure is that the sep-
aration between the channels is somewhat arbitrary. In some cases, only one
interaction channel is considered, e.g the pairing channel in the BCS theory and
the BCS-BEC crossover, or in other cases, two different interaction channels are
artificially separated like in the Jellium model. In this talk, we present a general-
ized self-consistent theory by using weighting parameters for each channel. Our
approach removes the arbitrariness of channel separation and provides a mini-
mization principle for the optimal partitioning. We present this formalism for
any type of spatially non local potentials without memory and derive the respec-
tive HFB self-consistency equations on a mean-field level and show how inter-
channel interactions arise. We illustrate the power of our technique with a simple
example before showing on a formal level how to include pairing, density, and
exchange fluctuations simultaneously without miscounting or double-counting
states.

Q 32.6 Wed 15:45 Aula
The role of particle-hole interactions and effective ranges in homogeneous
Fermi fluids — Nikolai Kaschewski1, Axel Pelster1, and ∙Carlos A. R.
Sá de Melo2 — 1Physics Department and Research Center OPTIMAS, RPTU
Kaiserslautern-Landau, Germany — 2School of Physics, Georgia Institute of
Technology, Atlanta, USA
The standard theoretical method for studying fermionic superfluidity is based
on the description of interactions in terms of pairing and on the identification
of a superfluid order parameter. Only particle-particle (pp) processes are in-
cluded that form Cooper pairs which then perform Bose-Einstein condensation.
Particle-hole (ph) processes are only sparsely considered. One example are the
ph fluctuations of Gor’kov andMelik-Barkhudarov that lowers the condensation
temperature [1]. On this poster, we present a self-consistent mean-field theory
for BCS superfluidity that includes pp and ph processes simultaneously through a
weighted partitioning of states that produce and inhibit pairing. We obtain non-
perturbative corrections due to ph scattering, which require an effective range
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expansion [2] in order to get physical results. The theory generalizes the BCS
mean field theory, makes connections to effective-range mean-field effects [3].
Our preliminary results set the stage for the simultaneous exploration of fluctu-
ations in the pp and ph channels [1] in the BCS-BEC crossover.

[1] L.P. Gor’kov, T.K. Melik-Barkhudarov, Sov. Phys. JETP 13, 1018 (1961)
[2] H. A. Bethe, Phys. Rev. 76, 38 (1949) [3] S. Mal and B. Deb, J. of Phys. B 55,
035301 (2022)

Q 32.7 Wed 16:00 Aula
Topological pumping induced by interactions — konrad viebahn1, anne-
sophie walter1, eric bertok2, ∙zijie zhu1, marius gächter1, armando a.
aligia3, fabian heidrich-meisner2, and tilman esslinger1 — 1Institute for
Quantum Electronics & Quantum Center, ETH Zurich, 8093 Zurich, Switzer-
land — 2Institute for Theoretical Physics, Georg-August-Universität Göttin-
gen, 37077 Göttingen, Germany — 3Instituto de Nanociencia y Nanotecnologia
CNEA-CONICET, Centro Atomico Bariloche and Instituto Balseiro, 8400 Bar-
iloche, Argentina
A topological ’Thouless’ pump represents the quantised motion of particles in
response to a slow, cyclic modulation of external control parameters. The Thou-
less pump, like the quantumHall effect, is of fundamental interest because it links
physically measurable quantities, such as particle currents, to geometric proper-
ties which can be robust against perturbations and thus technologically useful.
Here we observe a Thouless-type charge pump in which the particle current and
its directionality inherently rely on the presence of strong interactions. Experi-
mentally, we utilise fermionic atoms in a dynamical superlattice which traces a
pump trajectory that remains trivial in the non-interacting limit. Remarkably,

the transferred charge in the interacting system is half of its usual value in the
non-interacting case, in agreement with matrix-product-state simulations. Our
experiments suggest thatThouless charge pumps are promising platforms to gain
insights into interaction-driven topological transitions and topological quantum
matter.

Q 32.8 Wed 16:15 Aula
Kapitza-Dirac scattering of strongly interacting Fermi gases — ∙Max
Hachmann1, Yann Kiefer1,2, and Andreas Hemmerich1 — 1Universität
Hamburg, Hamburg, Deutschland — 2ETH, Zürich, Schweiz
We experimentally probe properties of interacting spin-mixtures of fermionic
(40K) atoms by studying their interaction with light. An elementary scattering
scenario is resonant Bragg diffraction, also referred to as Bragg spectroscopy,
where matter is diffracted from a onedimensional (1D) optical standing wave. A
Feshbach resonance is used to tune the interactions across the entire BEC-BCS
crossover regime, including the point of unitarity. With the preparation schemes
available in our experiment, the scattering lengths can be dynamically tuned,
such that either repulsively bound molecular dimers (Feshbach molecules) or
pairs of unbound fermions can be studied. To benchmark our scattering proto-
col, we apply it to a sample of spin-polarized non-interacting fermionic atoms
and study the dynamical behaviour. In this case, a simple model using a time-
dependent Schrödinger equation yields surprisingly accurate results, wellmatch-
ing the experimental observations. For spin-mixtures in the unitarity regime,
the higher order diffraction peaks are observed to disappear with no conclusive
theoretical description presently available.

Q 33: Open Quantum Systems
Time: Wednesday 14:30–16:30 Location: HS 1199

Q 33.1 Wed 14:30 HS 1199
Multimode-cavity picture of non-Markovian waveguide QED — Luca
Ferialdi1, ∙DarioCilluffo2, G. Massimo Palma1,3, GiuseppeCalajò4, and
FrancescoCiccarello1,3 — 1Università degli Studi di Palermo, Dipartimento
di Fisica e Chimica Emilio Segrè, via Archirafi 36, I-90123 Palermo, Italy —
2Institut für Theoretische Physik and IQST, Albert-Einstein-Allee 11, Univer-
sität Ulm, 89069 Ulm, Germany— 3NEST, Istituto Nanoscienze-CNR, Piazza S.
Silvestro 12, 56127 Pisa, Italy — 4Istituto Nazionale di Fisica Nucleare (INFN),
Sezione di Padova, I-35131 Padova, Italy
We introduce a picture to describe and intrepret waveguide-QED problems in
the non-Markovian regime of long photonic retardation times (resulting in de-
layed coherent feedback). The framework is based on an intuitive spatial decom-
position of the waveguide into blocks. Among these, the block directly coupled
to the atoms embodies an effective lossymultimode cavity leaking into the rest of
the waveguide (in turn embodying an effective white-noise bath). The dynamics
can be approximated by retaining only a finite number of cavity modes that yet
eventually grows with the time delay. The picture allows to explicitly connect
emission properties subject to feedback to the standard Purcell effect in a cavity,
both in the usual bad-cavity limit and beyond, thus providing an explicit link
between waveguide QED and cavity QED.

Q 33.2 Wed 14:45 HS 1199
Landau-Zener dynamics in the presence of a non-Markovian reservoir —
∙Raphaël Menu and Giovanna Morigi — Universität des Saarlandes, Saar-
brücken, Germany
We analyse the Landau-Zener dynamics of a qubit, which is simultaneously cou-
pled to a dissipative auxiliary system. By tuning the coupling, the qubit dynamics
ranges from a dephasing master equation to a strongly coupled qubit-auxiliary
system, which is effectively a non-Markovian reservoir for the qubit. We de-
termine the quantum trajectories in the different regimes . For each regime we
analyse the distribution of each trajectory in terms of the time-dependent prob-
ability of a diabatic transitio. Depending on the strength of the coupling, we
observe multipeaked configurations, which undergo transitions to narrow dis-
tributions. These transitions are signalled by a higher probability that a jump
occurs. The behavior of the probability of a quantum jump as a function of the
coupling and of the time of the sweep, in turn, allows us to shed light on the
stages of the dynamics when the environment is detrimental and when instead
it corrects diabatic transition. It shows, in particular, that memory effects can be
beneficial. It further sheds light on the role of pausing in annealing and when it
is advantageous.

Q 33.3 Wed 15:00 HS 1199
Dynamically Emergent Quantum Thermodynamics: The Non-Markovian
Otto Cycle — ∙Irene Ada Picatoste1, Alessandra Colla1, and Heinz-
Peter Breuer1,2 — 1Physikalisches Institut, Universität Freiburg, Hermann-
Herder-Straße 3, D-79104 Freiburg, Germany— 2EUCOR Centre for Quantum

Science and Quantum Computing, University of Freiburg, Hermann-Herder-
Straße 3, D-79104 Freiburg, Germany
Using an open-system approach to quantum thermodynamics at arbitrary cou-
pling [1] we study the Otto cycle in the strong-coupling and non-Markovian
regimes [2]. Our investigation is based on the exact treatment of the dynamics
of the systemwhen coupled to a thermal reservoir, which we describe employing
the Fano-Anderson model. We study the effects of strong coupling and a struc-
tured environment, and find that a non-Markovian bath can exchange both heat
and work with the system. We identify a regime of enhanced efficiency occur-
ring when the peak of the spectral density is located within the frequency range
of the cycle, and explain this through an analysis of the renormalized frequencies
emerging from the system-bath interaction.

[1] A. Colla and H.-P. Breuer, Open-system approach to nonequilibrium
quantum thermodynamics at arbitrary coupling, May 2022, 10.1103/Phys-
RevA.105.052216.

[2] I. A. Picatoste, A. Colla andH.-P. Breuer, Dynamically Emergent Quantum
Thermodynamics: Non-Markovian Otto Cycle, Aug 2022, axXiv: 2308.09462
[quant-ph].

Q 33.4 Wed 15:15 HS 1199
Thermodynamic behaviour of giant artificial atoms with non-Markovian
thermalization — ∙Mei Yu, H. Chau Nguyen, and Stefan Nimmrichter —
University of Siegen, Siegen, Germany
Superconducting qubits, when coupled to either a meandering transmission line
or to surface acoustic waves, enable the creation of giant artificial atoms. These
artificial atoms, if connected to awaveguide throughmultiple separated contacts,
can be made to interact with a travelling bosonic field at multiple points in time.
This results in a tailored memory effect and non-Markovian dynamics that has
been demonstrated experimentally [1]. We investigate scenarios in which one
or more giant atoms couple to thermally excited waveguide radiation via multi-
ple contacts, leading to non-Markovian equilibration processes. We then apply
such setups in case studies of non-Markovian heat transport and refrigeration
between independent thermal reservoirs

[1] G. Andersson, B. Suri, L. Guo, T. Aref, and P. Delsing, Non-exponential
decay of a giant artificial atom, Nature Physics 15, 1123 (2019).

Q 33.5 Wed 15:30 HS 1199
Thermodynamic role of general environments: from heat bath to work reser-
voir— ∙Alessandra Colla and Heinz-Peter Breuer— Institute of Physics,
University of Freiburg, Hermann- Herder-Straße 3, D-79104 Freiburg, Germany
Environments in quantum thermodynamics usually take the role of heat baths.
These baths are Markovian, weakly coupled to the system, and initialized in a
thermal state. Whenever one of these properties is missing, standard quan-
tum thermodynamics is no longer suitable to treat the thermodynamic prop-
erties of the system that result from the interaction with the environment. Us-
ing a recently proposed framework for open system quantum thermodynam-
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ics at arbitrary coupling regimes [1], we show that within the very same model
(a Fano-Anderson Hamiltonian) the environment can take three different ther-
modynamic roles: a standard heat bath, exchanging only heat with the system,
a work reservoir, exchanging only work, and a hybrid environment, providing
both types of energy exchange. The exact role of the environment is determined
by the strength and structure of the coupling, and by its initial state.

[1] A. Colla, H.-P. Breuer, Physical Review A 105, 052216 (2022)

Q 33.6 Wed 15:45 HS 1199
non-Markovian processesmight behave likeMarkov processes— ∙bilal can-
türk and heinz-peter breuer — Institute of Physics, University of Freiburg,
Hermann-Herder-Straße 3, D-79104 Freiburg, Germany
The Chapman-Kolmogorov equation is generally considered to be themain char-
acteristic of Markov processes. However, we have shown by construction that
there are also non-Markovian processes that satisfy the Chapman-Kolmogorov
equation. This evidence allows us to further clarify the distinction between
Markov and non-Markovian processes in both classical and quantum systems.
In addition, our results allow us to construct some specific non-Markovian pro-
cesses, called P-divisible processes.

Q 33.7 Wed 16:00 HS 1199
Characterizing the time dependence of quantum gates — Alessio
Belenchia1, Daniel Braun1, Giovanni Gramegna2, and ∙Stanislaw
Soltan1 — 1Eberhard Karls Universität Tübingen, Tübingen, Deutschland —
2Università degli Studi di Bari Aldo Moro, Bari, Italien
Current state-of-the-art quantum computers exhibit some non-markovian
memory effects that make the actual quantum gates deviate from the ideal case.

Characterization of such errors is an ongoing challenge. Successfully address-
ing this challenge could enable the correction of errors or, alternatively, harness
these effects to enhance the control of qubits’ states and for dissipative-based
computation. We analyze the possible generalization of long sequence gate set
tomography that takes into account the possible time dependence of quantum
gates. A form of time dependence must be assumed and we derived it from the
post-markovian master equation. The time dependence of the gates is taken to
be explicit in the case of the simplest models of the memory effects. For more
complex ones, it is reformulated as the time-independent interaction between
the system of interest and auxiliary virtual qubits.

Q 33.8 Wed 16:15 HS 1199
Stochastic unraveling of pseudo-Lindblad equations — ∙Tobias Becker and
André Eckardt — Institut für Theoretische Physik, Technische Universität
Berlin, Hardenbergstrasse 36, 10623 Berlin, Germany
For the efficient simulation of open quantum systemswe often use quantum jump
trajectories given by pure states that evolve stochastically to unravel the dynamics
of the underlying master equation. In the Markovian regime, when the dynam-
ics is described by a Gorini-Kossakowski-Sudarshan-Lindblad (GKSL) master
equation, this procedure is known as Monte Carlo wave function (MCWF) ap-
proach. However, beyond ultraweak system-bath coupling, the dynamics of the
system is not described by an equation of GKSL type, but rather by the Redfield
equation, which can be brought into pseudo-Lindblad form. Here negative dissi-
pation strengths prohibit the conventional approach. To overcome this problem,
we propose a pseudo-Lindblad quantum trajectory (PLQT) unraveling. It does
not require an effective extension of the state space, like other approaches, except
for the addition of a single classical bit.

Q 34: Color Centers II
Time: Wednesday 14:30–16:15 Location: HS 1221

Invited Talk Q 34.1 Wed 14:30 HS 1221
Optically addressable nuclear spin registers with V2 center in 4H-SiC —
∙Vadim Vorobev—University of Stuttgart, Stuttgart, Germany
The V2 center is a promising platform for spin photon interface, with tolerable
optical coherent properties in nanostructures with up to 20K temperature work-
ing conditions.

This becomes handy with extensivemicrowave and radiofrequency-basedma-
nipulation methods for controlling the nuclear spins.

The current progress with the detection of up to 5 nuclear spins and extensive
characterization of their hyperfine tensor and control parameters will be pre-
sented. Finally, an outlook of potential ways to improve the technology will be
presented.

Q 34.2 Wed 15:00 HS 1221
Implementation of the SUPER coherent control scheme with a tin-vacancy
color center in diamond— ∙MustafaGökçe1, CemGüney Torun1, Thomas
K. Bracht2, Mariano Isaza Monsalve1, Sarah Benbouabdellah1,
Özgür Ozan Nacitarhan1, Marco E. Stucki1,3, Gregor Pieplow1, Tom-
maso Pregnolato1,3, Joseph H. D. Munns1, Doris E. Reiter4, and
Tim Schröder1,3 — 1Humboldt University of Berlin, Berlin, Germany —
2University of Münster, Münster, Germany — 3Ferdinand-Braun-Institute,
12489 Berlin, Germany — 4Technical University Dortmund, Dortmund, Ger-
many
The creation of coherent single photons for quantum applications requires de-
terministic excitation, realized by resonant excitation. However, a challenge is
filtering spectrally overlapping the excitation laser from emitted single photons.
Onemethod for separation is using cross-polarizationmicroscopy, which results
in 50% loss of emitted photons. A novel method of coherent excitation called
the swing-up of the quantum emitter population (SUPER) has been introduced.
This method incorporates two-color nonresonant pulses achieving full inversion
to the excited state. The SUPERmethod enables spectral filtering. To implement
the SUPER method, we built a spectral pulse engineering setup, which tailors
pulses with desired spectral shapes. We demonstrate coherent single photon
emission using non resonant pulses and replicate our results using a theoretical
model. We employ this method using pulses in the picosecond pulse duration
regime and pave the way for utilization of these gates for the investigation of
ultrafast processes.

Q 34.3 Wed 15:15 HS 1221
Color centers in silicon carbide integrated into a fiber-based Fabry-Pérot
microcavity — ∙Jannis Hessenauer1, Jonathan Körber2, Maximilian
Pallmann1, Jawad Ul-Hassan3, Georgy Astakhov4, Florian Kaiser5,
Jörg Wrachtrup2, and David Hunger1 — 1Physikalisches Institut, Karl-
sruher Institut für Technologie, Germany — 23rd Institute of Physics, Univer-
sity of Stuttgart, Germany — 3Department of Physics, Chemistry and Biology,

Linköping University, Sweden — 4Helmholtz-Zentrum Dresden-Rossendorf,
Institute of Ion Beam Physics and Materials Research, Dresden, Germany —
5MRTDepartment, Luxembourg Institute of Science and Technology & Depart-
ment of Physics andMaterials Science, University of Luxembourg, Belvaux, Lux-
embourg
Color centers in silicon carbide (SiC) have recently emerged as promising solid-
state spin-photon interfaces. Among those, the two negatively charged silicon
vacancy centers in 4H-SiC have been studied extensively, and showed narrow
optical linewidths close to the lifetime limit. In this work, we integrate a few
micron-thick SiC membrane with color centers into a cryogenic fiber-based
Fabry-Pérot-resonator. We characterize the cavity performance and observe a
high finesse, indicating low losses introduced by the membrane. We study the
complex mode dispersion stemming from the hybridization of the membrane
with the empty cavity and the strong birefringence of the material. Finally, we
observe cavity-coupled emission of color centers by tuning the cavity resonance
over a spectral region while monitoring the fluorescence.

Q 34.4 Wed 15:30 HS 1221
QuantumNon-linearOptics withDiamondColor Centers in Fiber-basedMi-
crocavities — ∙Julius Fischer1, Yanik Herrmann1, Julia M. Brevoord1,
Colin Sauerzapf1, Leonardo G. C. Wienhoven1, Laurens J. Feije1, Mat-
teo Pasini1, Martin Eschen1,2, Maximilian Ruf1, Matthew J. Weaver1,
and Ronald Hanson1 — 1QuTech and Kavli Institute of Nanoscience, Delft
University of Technology, 2628 CJ Delft, The Netherlands — 2Netherlands Or-
ganisation for Applied Scientific Research (TNO), P.O. Box 155, 2600 AD Delft,
The Netherlands
Quantum networks are promising for applications such as secure communica-
tion and distributed quantum computing. Diamond color center qubits like the
Tin-Vacancy (SnV) center are excellent node candidates, but they have limited
collectable coherent photon emission. Integration into a tunable, open micro-
cavity can boost collection and coherent emission via the Purcell effect. We re-
port on our results of coupling individual SnV centers to the microcavity. We
achieve significant Purcell-enhancement, evidenced through lifetime reduction
and linewidth broadening and demonstrate the first SnV-induced cavity trans-
mission dip, which reaches 50 % on resonance. This effect is characterized de-
pending on cavity detuning and probe power, and we show bunching in the pho-
ton statistics of the transmitted light. A detailed quantum optical model is used
to explain the data. These results outline a key element for cavity quantum optics
experiments and for efficient spin-photon interfaces.
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Q 34.5 Wed 15:45 HS 1221
Heralded initialization of charge state and optical transition frequency of di-
amond tin-vacancy centers— ∙JuliaMaria Brevoord, LorenzoDe Santis,
Takashi Yamamoto, Matteo Pasini, Nina Codreanu, Tim Turan, Hans
Beukers, ChristopherWaas, and RonaldHanson—QuTech and Kavli In-
stitute of Nanoscience, Delft University of Technology, Delft 2628 CJ, Nether-
lands
Diamond Tin-Vacancy centers have emerged as a promising platform for quan-
tum information science and technology. A key challenge for their use in more
complex quantum experiments and scalable applications is the ability to prepare
the center in the desired charge state with the optical transition at a pre-defined
frequency. Herewe report on heralding such successful preparation using a com-
bination of laser excitation, photon detection, and real-time logic. We verify the
power of this method by measuring strongly improved quantum optical perfor-
mance, showing its direct relevance for future quantum applications that rely on
photon interference such as remote entanglement generation.

Q 34.6 Wed 16:00 HS 1221
Electron-Phonon Coupling of Mechanically Isolated Defect Centers in
Hexagonal Boron Nitride— ∙PatrickMaier, Michael Koch, and Michael
Höse—Universität Ulm
Single Photon emitters are a crucial resource for novel quantum optic technolo-
gies. Hosted quantum emitters in hexagonal Boron Nitride (hBN) are promising
candidates for the integration into hybrid quantum systems, which can be used
in upcoming quantum optic technologies. One type of such emitter has shown
the remarkable property of Fourier transform limited optical linewidth at cryo-
genic temperatures and even up to room temperature. [1,2]. This characteristic
can be traced back to out-of-plane emitters, which do not couple to in-plane
phonon modes. That leads to mechanical isolation of the defect centers orbitals
[3]. Here, we present our most recent results towards understanding the origin
of this mechanical decoupling.

[1] A. Dietrich et al., Physical Review B, Vol. 98 (2018) [2] A. Dietrich et al.,
Physical Review B, Vol. 101 (2020) [3] M. Hoese et al., Science Advances, Vol. 6
(2020)

Q 35: Quantum States of Light
Time: Wednesday 14:30–16:30 Location: HS 3118

Invited Talk Q 35.1 Wed 14:30 HS 3118
Quantum correlations in the phase space — Martin Bohmann1, Jan
Sperling2, Nicola Biagi3,5, AlessandroZavatta3,4, Marco Bellini3,5, and
∙ElizabethAgudelo6 — 1QuantumTechnology LaboratoriesGmbH, 1100Vi-
enna, Austria — 2PhoQS, Paderborn University, 33098 Paderborn, Germany —
3CNR-INO, 50125 Florence, Italy — 4QTI S.r.l., 50125 Florence, Italy — 5LENS
and Department of Physics and Astronomy, University of Firenze, 50019 Flo-
rence, Italy — 6TUWien, Atominstitut, 1020 Vienna, Austria
Today, we are utilizing quantum physics to propel advancements in quantum
information science and technology, yet there remain unanswered fundamental
inquiries about the nature of quantum and its ability to exceed classical bound-
aries. Our strategy includes characterizing physical systems within phase space.
In my presentation, I will examine the boundary between quantum and classical
realms, introducing innovative, mathematically robust techniques for practical
applications. These methods offer distinct insights into what differentiates the
classical world from the quantum domain, and also facilitate the characteriza-
tion of quantum states of light. For instance, we will confirm effects that surpass
classical correlations using a theory that is friendly to experimental settings. We
will showcase cutting-edge techniques for differentiating between classical and
quantum phenomena that coexist in quantum optics experiments. This involves
introducing concepts like nonclassicality quasiprobabilities and phase space in-
equalities, and investigating quantum effects in correlated systems, including hy-
brid systems.

Q 35.2 Wed 15:00 HS 3118
Quantum and Classical Information Flow in Phase Space — ∙Moritz F.
Richter and Heinz-Peter Breuer — Institute of Physics, University of
Freiburg, Germany
Exchange of information between an open quantum system and its environment,
especially the backflow of information to the system associated with quantum
notions of non-Markovianity, is a widely discussed topic for years now [1]. Usu-
ally the information flow is quantified by the increase of suitable distance mea-
sures between two initial states of the open quantum system at hand. However,
the same idea can also be used to identify information backflow in classical sys-
tems and their dynamics in phase space. In the talk wewill address how informa-
tion backflow of a continuous variable (CV) quantum system can be quantified
by means of its phase space representation - i.e. quasi-probability distributions -
and how this leads to a notion of non-Markovianity using distance measures be-
tween probability distributions representing classical states in phase space [2].
[1] Breuer H-P, Laine E-M, Piilo J and Vacchini B; 2016 ”Colloquium: non-
Markovian dynamics in open quantum systems”; Rev. Mod. Phys. 88 021002

[2] Richter M F, Wiedemann R and Breuer H-P; 2022 ”Witnessing non-
Markovianity by quantum quasi- probability distributions”; New J. Phys. 24
123022

Q 35.3 Wed 15:15 HS 3118
Towards Large Schrödinger Cat States with Optical Photons — ∙Hendrik
Hegels, Michael Eichenberger, Stephan Dürr, and Gerhard Rempe —
Max Planck Institute of Quantum Optics, Hans-Kopfermann-Str. 1, 85748
Garching, Germany
Large Schrödinger cat states allow probing the border between quantum physics
and classical physics. At the same time, they provide a valuable resource for con-
tinuous variable quantum computing, quantum communication and quantum
error correction schemes. In practice these applications require Schrödinger cat
states with mean photon number ⪆ 4. There are several experimental demon-

strations of optical cat states, but so far none could reach or even surpass this
limit. Here, we present an apparatus based on Rydberg-EIT in an atomic ensem-
ble in an optical cavity that has the potential to overcome this limit and produce
large optical cat states for the first time.

Q 35.4 Wed 15:30 HS 3118
Tailoring the sensitivity of gravitational-wave detectors to neutron star
merger signals with internal squeezing — ∙Niels Böttner, Mikhail Ko-
robko, Joe Bentley, and Roman Schnabel—Institut für Quantenphysik und
Zentrum für Optische Quantentechnologien der Universität Hamburg, Luruper
Chaussee 149, 22761 Hamburg, Germany
The observation of gravitational waves frombinary neutron starmergers is an ex-
cellent opportunity to study them and their fundamental properties. During the
late inspiral, gravitational waves in the kilohertz-band are generated that con-
tain information about nuclear matter at extreme densities. However, current
gravitational-wave observatories are not sensitive enough to detect these gravi-
tational waves because they are limited by quantum noise. Here, we propose to
flexibly tune the sensitivity in the kilohertz-band with a new concept called Twin
Recycling Quantum Expander. The design of this concept corresponds to a dual-
recycled Fabry-Pèrot-Michelson interferometer that we customized by adding a
second recycling cavity to it and by placing a nonlinear crystal inside the signal
recycling cavity to generate squeezed states of light. The coupled cavity structure
and the generated squeezing improve the signal-to-noise ratio at high frequen-
cies. We demonstrate that our new concept allows us to increase and tune the
sensitivity in the kilohertz-band, bringing the additional level of flexibility and
enhancement to the existing concepts of future detectors. We anticipate our re-
sults to be a valuable new approach for the design of future gravitational wave
detectors.

Q 35.5 Wed 15:45 HS 3118
Photon Bose–Einstein Condensate in a Planar Cavity in the Thermodynamic
Limit — ∙Andris Erglis1 and Stefan Yoshi Buhmann2 — 1University of
Freiburg, Freiburg, Germany — 2University of Kassel, Kassel, Germany
It has been of general interest to explore the different behaviour of a Bose–
Einstein condensate (BEC) for finite versus infinite systems. For instance, the
critical number of particles in two dimensions diverges in the thermodynamic
limit, while being well-defined for a system of finite size.

We are investigating the photon BEC inside a two dimensional planar cavity
at the crossover between finite and infinite size, where our control parameter is
the transversal mode spacing. In addition to the usual primary condensation
threshold, we observe arrested condensation and an emergence of a second crit-
ical threshold proportional to the mode spacing, where the condensate is form-
ing. This result, which we have derived using an analytical two-mode solutions,
is corroborated by numerical simulations for larger mode numbers.

Q 35.6 Wed 16:00 HS 3118
Creation of Non-Gaussian Quantum States with a GBS-like device — ∙Gil
Zimmermann1,2, Marius Leyendecker1,2, René Sondenheimer1,2, and
Fabian Steinlechner1,2 — 1Friedrich Schiller University, Jena, Germany —
2Fraunhofer IOF, Jena, Germany
Non-Gaussian quantum states play an important role in quantum information,
quantum computing and quantum sensing. There are many different protocols
to generate different non-Gaussian states. One system, which is a generalisation
of many of these protocols, is based on a so-called Gaussian boson sampling
(GBS) type device. The advantage of this is that different non-Gaussian states
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can be produced with just one system. The GBS-like device consists of an N-
mode linear interferometer that can implement any unitary transformation. N
singlemodeGaussian quantum states are injected into the interferometer andN-
M modes are measured in the output with the aid of photon number resolving
(PNR) detectors. A resulting quantum state is present in the remainingM output
modes of the interferometer. By varying the propterties of the input states and
the linear interferometer and considering different outcomes at the PNR detec-
tors, optimisation algorithms can be designed regarding fidelity and generation
probability. This allows us to find parameters for the best possible circuit that
generates a specific M-mode non-Gaussian output state. In this work, a param-
eter study regarding the GBS-like device is carried out. For various single and
multimode non-Gaussian states, we analyse the experimental feasibility under
the presence of loss.

Q 35.7 Wed 16:15 HS 3118
Gaussian state generation with Gaussian-Boson-Sampling like setups —
∙Marius Leyendecker1,2, Gil Zimmermann1,2, René Sondenheimer1,2, and
Fabian Steinlechner1,2 — 1Friedrich Schiller University, Institute for Applied
Physics, Abbe Center of Photonics, Jena, Germany — 2Fraunhofer Institute for
Applied Optics and Precision Engineering IOF , Jena, Germany

Non-Gaussian states have numerous applications in quantum computation,
quantum metrology, and quantum communication. It has been shown that
Gaussian Boson Sampling (GBS) devices in combination with detection post-
selection can be used to generate many optical non-Gaussian states. This is im-
plemented by interfering N input squeezed states on an N-mode linear inter-
ferometer. We study an optimization algorithm for an M-mode target state de-
pending on the properties of the input states and the interferometer. These states
are heralded by N-M photon-number resolving measurements on the other out-
put states. As losses have a substantial influence on the fidelity of the produced
output state, simple interferometer architectures comprising of only few optical
elements, e.g. in a time-bin loop architecture with one loop, will be analyzed.
While in [1] a variety of entangled Gaussian states have been demonstrated in
a time-bin loop architecture and [2] explores the capability of the architecture
for GKP states, we will explore the capabilities of the time-bin architecture for
non-gaussian states with lower demands on experimental resources.

[1] Shuntaro Takeda et al. , DOI:10.1126/sciadv.aaw4530
[2] Takase, K., et al. DOI: 10.1038/s41534-023-00772-y

Q 36: Quantum Metrology and Interference
Time: Wednesday 14:30–16:30 Location: HS 3219

Q 36.1 Wed 14:30 HS 3219
Quantum parameter estimation with many-body fermionic systems and ap-
plication to the quantum Hall effect — Olivier Giraud1, Mark-Oliver
Goerbig2, and ∙Daniel Braun3 — 1Université Paris-Saclay, CNRS, LPTMS,
91405 Orsay, France— 2Université Paris-Saclay, CNRS, Laboratoire de Physique
des Solides, 91405Orsay, France. — 3Institut für theoretische Physik, Universität
Tübingen, 72076 Tübingen, Germany
Quantum metrology with electronic sensors requires the description of the sys-
tem with a fermionic quantum field theory. To this end, we calculate the quan-
tumFisher information for a genericmany-body fermionic system in a pure state
depending on a parameter. The parameter can be imprinted in the basis states,
the state coefficients, or in both. We apply our findings to the quantum Hall ef-
fect and evaluate the quantum Fisher information associated with the optimal
measurement of the magnetic field for a system in the ground state. Remarkably,
the occupation of electron states with high momentum enforced by the Pauli
principle leads to a super-Heisenberg scaling of the sensitivity with a power law
that depends on the geometry of the sensor.

Q 36.2 Wed 14:45 HS 3219
Entanglement-induced collective many-body interference — ∙Tommaso
Faleo1, Eric Brunner2, Jonathan W. Webb3, Alexander Pickston3,
Joseph Ho3, Gregor Weihs1, Andreas Buchleitner2,4, Christoph
Dittel2,4,5, Gabriel Dufour2, Alessandro Fedrizzi3, and Robert Keil1
— 1Institut für Experimentalphysik, Universität Innsbruck, Technikerstraße 25,
6020 Innsbruck, Austria — 2Physikalisches Institut, Albert-Ludwigs-Universität
Freiburg, Hermann-Herder-Straße 3, 79104 Freiburg, Germany — 3Institute
of Photonics and Quantum Sciences, School of Engineering and Physical Sci-
ences, Heriot-Watt University, Edinburgh, EH14 4AS, UK — 4EUCOR Cen-
tre for Quantum Science andQuantumComputing, Albert-Ludwigs-Universität
Freiburg, Hermann-Herder-Straße 3, 79104 Freiburg, Germany— 5Freiburg In-
stitute for Advanced Studies, Albert-Ludwigs-Universität Freiburg, Albertstraße
19, 79104 Freiburg, Germany
Entanglement and interference are hallmark effects of quantum physics, intro-
ducing particularly rich dynamics within systems of multiple (at least partially)
indistinguishable particles.

By combining entanglement and many-body interference, we propose a novel
quantum effect to realize genuine N-particle interference. We experimentally
demonstrate this effect in a four-photon interferometer, where a highly visible
interference pattern emerges upon the joint detection of all photons, while in-
terference at lower-order particle correlators is strictly suppressed. The observed
interference is a function of the four-particle collective phase, a genuine four-
body property.

Q 36.3 Wed 15:00 HS 3219
All-optical Bose-Einstein condensate generation for microgravity opera-
tion — ∙Janina Hamann1, Jan Simon Haase1, Alexander Fieguth2, Jens
Kruse2, Carsten Klempt1,2, and the INTENTAS Team1 — 1Institut für
Quantenoptik, Leibniz Universität Hannover, Welfengarten 1, 30167 Hannover
— 2DLR Institut für Satellitengeodäsie und Inertialsensorik, Callinstraße 30b,
30167 Hannover
Atom interferometers are high-precision sensors for amongst others accelera-
tions, rotations and magnetic fields. Space-borne atom interferometers promise
a wide range of applications from geodesy to fundamental tests of physics. Their

improved sensitivity due to prolonged interrogation times benefits from the
macroscopic coherence length and slow expansion rates of Bose-Einstein con-
densates (BECs). A fundamental limit for the precision of AIs is the Standard
Quantum Limit (SQL). The SQL can only be surpassed by using entangled en-
sembles of atoms in the interferometer. The INTENTAS project is designed as a
source of entangled atoms that can be operated on a microgravity platform. To
demonstrate sensitivity beyond the SQL rubidium atoms are cooled to a BEC,
entangled with each other and detected with high precision. Evaporative cool-
ing of the atoms is performed in a novel, robust crossed-beam optical dipole trap
for all-optical BEC generation. In this talk the status of the project will be pre-
sented which includes characterization of the atom source on ground and first
efforts towards the initial flight.

Q 36.4 Wed 15:15 HS 3219
Optimal Ramsey interferometry with echo protocols based on one-axis twist-
ing — ∙Maja Scharnagl1, Timm Kielinski2, and Klemens Hammerer2 —
1Institute for Theoretical Physics, Leibniz University Hannover, Appelstrasse 2,
30167 Hannover, Germany— 2Institute for Theoretical Physics and Institute for
Gravitational Physics (Albert-Einstein-Institute), Leibniz University Hannover,
Appelstrasse 2, 30167 Hannover, Germany
We study a variational class of generalized Ramsey protocols that include two
one-axis twisting (OAT) operations, one performed before the phase imprint and
the other after. In this framework, we optimize the axes of the signal imprint, the
OAT interactions, and the direction of the final projective measurement. We dis-
tinguish between protocols that exhibit symmetric or antisymmetric dependen-
cies of the spin projection signal on the measured phase. Our results show that
the quantum Fisher information, which sets the limits on the sensitivity achiev-
able with a given uniaxially twisted input state, can be saturated within our class
of variational protocols for almost all initial twisting strengths. By incorporat-
ing numerous protocols previously documented in the literature, our approach
creates a unified framework for Ramsey echo protocols withOAT states andmea-
surements.

Q 36.5 Wed 15:30 HS 3219
Exploring few-shot quantum metrology with photonic qubits — ∙Lukas
Rückle1,2, Jakob Budde1,2, and Stefanie Barz1,2 — 1Institute for Functional
Matter and Quantum Technologies, Universitity of Stuttgart, 70569 Stuttgart,
Germany — 2Center for Integrated Quantum Science and Technology (IQST),
Universitity of Stuttgart, 70569 Stuttgart, Germany
The use of quantum states for metrology tasks has been proven to surpass clas-
sical limits on the precision of estimating parameters. Recently, the framework
of probably approximate correct (PAC) metrology has been introduced [1]. It not
only enables the estimation of a parameter in an arbitrarily big parameter space
without prior knowledge, but also gives bounds for few- and single-shot metrol-
ogy settings. It thus bridges the rather theoretical case of performing infinitely
many measurements and practical metrology tasks.

Here, we present experimental results in a photonic metrology setting. We
show how to use different states and measurements and how for each case to
optimize the prediction strategy of the parameter that shall be estimated. Our
work shows how to implement the given new framework of PAC metrology and
thus helps improving the precision of applications that only allow for a few mea-
surements, e.g. when measuring fast varying systems.

[1] Meyer et. al, arXiv-preprint, arXiv:2307.06370 (2023)
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Q 36.6 Wed 15:45 HS 3219
Microcombs for Digital Holography — ∙Stephan Amann1, Edoardo
Vicentini2, Bingxin Xu1, Yang He3, Theodor W. Hänsch1, Qiang Lin3,
Kerry Vahala4, and Nathalie Picqué1,5 — 1Max Planck Institute of Quan-
tum Optics, Garching, Germany — 2CIC nanoGUNE BRTA, Donostia-San Se-
bastian, Spain— 3Department of Electrical and Computer Engineering, Univer-
sity of Rochester, Rochester, New York, USA — 4T.J. Watson Laboratory of Ap-
plied Physics, California Institute of Technology, Pasadena, California, USA —
5Max-Born Institute for Nonlinear Optics and Short Pulse Spectroscopy, Berlin,
Germany
Digital holography is a versatile lensless three-dimensional imaging technique
that allows access to the amplitude and phase information of microscopic sam-
ples with interferometric precision. We report on microcombs, broad optical
spectra consisting of phase-coherent narrow lines which are generated in a high-
Q optical microresonator, as novel sources for digital holography. We generate
a microcomb of 100 GHz line spacing in a lithium niobate microresonator by
pulsed-pumping, which facilitates the reliable control of the line spacing. The
combined information of all lines allows to increase the unambiguous axial range
of the object reconstruction from less than a micrometer to 1.5 millimeter. Due
to their broad spectral bandwidth and large line spacing on the order of hun-
dreds of GHz, microcombs enable the precise imaging of millimeter-sized ob-
jects at fast measurement times. Envisioned applications range from nanometer-
precision surface profilometry to hyperspectral microparticle analysis.

Q 36.7 Wed 16:00 HS 3219
Reducing Schmidt mode cross-overlap inside SU(1,1) interferometers —
∙Dennis Scharwald andPolina Sharapova—Department of Physics, Pader-
born University, Warburger Straße 100, D-33098 Paderborn, Germany
One of the central challenges in quantum metrology is improving the quality of

interferometers, for example measured by their phase sensitivity. Classical in-
terferometers operating with coherent light are bound in their sensitivity by the
shot noise limit (SNL), while nonlinear SU(1,1) interferometers may surpass it
and reach the Heisenberg scaling. [1]

In our recent work [2], we use the numerical approach of integro-differential
equations for the description of the parametric down-conversion (PDC) process
to show that using an appropriately shaped mirror makes it possible to easily
surpass the SNL in an SU(1,1) interferometer (“compensated” setup). In this
work, we aim to extend the discussion presented therein by analyzing the over-
lap of the Schmidt modes and show how cross-coupling between modes of the
two PDC sections is eliminated in the compensated setup. As a consequence,
this leads to an improvement of the quality of the interferometer visible from the
supersensitivity at high parametric gain.
[1] M. Manceau et al., New J. Phys. 19, 013014 (2017)
[2] D. Scharwald et al., Phys. Rev. Res. 5, 043158 (2023)

Q 36.8 Wed 16:15 HS 3219
Lateral shear interferometry for shape accuracy measurements of 3D-
printed micro-optics — ∙Yanqiu Zhao1,2, Leander Siegle1,2, and Harald
Giessen1,2 — 14th Physics Institute, University of Stuttgart, Stuttgart, Germany
— 2Stuttgart Research Center of Photonic Engineering, Stuttgart, Germany
We compare several methods of lateral shear interferometry to assess the shape
accuracy of 3D-printed micro-optics. Different aberrations are added deliber-
ately to the lens design of the 3D-printed micro-optics and accuracy of the inter-
ferometric methods is evaluated. Accuracies up to lambda/100 can be reached
for micro-optics with 140 micrometer diameter and around 570 micrometer fo-
cal lengths. Using gray scale lithography, 3D-printing aspherical singlets with
RMS wavefront aberrations of only 0.01 lambda is realizable.

Q 37: Poster III
Time: Wednesday 17:00–19:00 Location: Tent B

Q 37.1 Wed 17:00 Tent B
A cryo-compatible, high-finesse all-fibremicrocavity for REI spectroscopy—
∙Nicholas Jobbitt1,4, JannisHessenauer1,4, EvgenijVasilenko2,4, Vishnu
Unni C.1,4, Barbora Brachnakova3,4, Senthil Kuppusamy2,3,4, Mario
Ruben2,3,4, and David Hunger2,3,4 — 1Physikalisches Institut — 2Institut für
Quanten Materialien und Technologien — 3Institute of Nanotechnology —
4Karlsruher Institut für Technologie, Karlsruhe, Germany
Quantum technologies promise to enhance our current classical computing and
communication infrastructure. Rare-earth ion (REI) based solid-state systems
are ideal for this purpose due to the exceptional optical (4 ms) and spin (6 h) co-
herence times of their 4f → 4f transitions. However, key obstacles encountered
while developing an efficient light-matter interface for quantum technologies us-
ing REI based solid-state systems are their long optical lifetimes (T1,opt ∼ms)
and low branching ratios (<1%). Both these obstacles can be remedied by the
integration of such systems into Fabry-Pérot microcavities. Here we present the
development and testing of a cryo-compatible, high-finesse all-fibre microcavity
designed for the purpose of REI spectroscopy. The cavity is largely monolithic
in design with a single controllable degree of freedom, which reduces the me-
chanical noise present in the system (rms = 430 fm at cryogenic temperatures)
and therefore allows us to maximise the Purcell-factor. Additionally, high qual-
ity (rms ∼1 nm) Eu3+ based crystalline organic molecules have been grown onto
fibre-end facets, suitable for integration into the cavity.

Q 37.2 Wed 17:00 Tent B
Spatial Confinement of Atomic Excitation by Composite Pulses in Pr:YSO
— ∙Niels Joseph1, Markus Stabel1, Nikolay Vitanov2, and Thomas
Halfmann1 — 1Institut für Angewandte Physik, Technische Universität Darm-
stadt, Germany — 2Department of Physics, St. Kliment Ohridski University of
Sofia, Bulgaria
We experimentally demonstrate spatial confinement of atomic excitation by nar-
rowband composite pulse sequences in Pr:YSO. In particular, we implement a
variety of previously proposed sequences and compare their performance. We
achieve population transfer that is spatially confined to an area significantly
smaller than the diameter of the driving Gaussian-shaped laser pulses. Our ex-
perimental data agree well with a numerical simulation and confirm that the
confinement improves with the number of pulses in the sequence. However,
we find that inhomogeneous broadening in Pr:YSO reduces the performance,
i.e., leading to the formation of additional rings around the localized centre. A
theoretical treatment, confirmed by experiments, shows that the perturbing ef-
fect can be reduced by carefully choosing experimental parameters. Our exper-
iments prove that narrowband composite pulses are a versatile tool to localize
atomic excitation, potentially also below the diffraction limit. This could also
be of relevance to quantum computation, as further generalized composite se-

quences enable arbitrary quantum gate operations in precisely confined spatial
regions.

Q 37.3 Wed 17:00 Tent B
Getting topological invariants from snapshots: a protocol for defining and
calculating topological invariants of systems with discrete parameter space
— ∙Youjiang Xu and Walter Hofstetter—Goethe-Universität, Institut für
Theoretische Physik, Frankfurt am Main, Germany
Topological invariants, including the Chern numbers, can topologically classify
parameterized Hamiltonians. We find that topological invariants can be prop-
erly defined and calculated even if the parameter space is discrete, which is done
by geodesic interpolation in the classifying space. We specifically present the in-
terpolation protocol for the Chern numbers, which can be directly generalized
to other topological invariants. The protocol generates a highly efficient algo-
rithm for numerical calculation of the second and higher Chern numbers, by
which arbitrary precision can be achieved given the values of the parameterized
Hamiltonians on a coarse grid with a fixed resolution in the parameter space.
Our findings also open up opportunities to study topology in finite-size systems
where the parameter space can be naturally discrete.

Q 37.4 Wed 17:00 Tent B
Dissipative stabilization of molecular rotational states against blackbody ra-
diation and spontaneous decay — ∙Brandon Furey, Mariano Monsalve,
Zhenlin Wu, Stefan Walser, Elyas Mattivi, Rene Nardi, and Philipp
Schindler—Universität Innsbruck
Novel quantum information encoding schemes are possible in the rotational de-
grees of freedom in molecules which are not available in atoms.[1] However,
these codes are vulnerable to rotational transitions induced by the environment;
namely, blackbody radiation and spontaneous decays. Encoding in a single ro-
tational manifold may enable protection against such decoherence.[2] Theoret-
ically, we are developing a dissipative quantum error correction (QEC) scheme
which can be continuously applied to stabilize a rotational superposition.

Experimentally, we aim to demonstrate state preparation, coherent control,
and the creation of superpositions of rotational states in CaH+ or CaOH+ molec-
ular ions using Raman setups with two CW laser beams and another with an op-
tical frequency comb.[3] This could pave the way for exploring QEC codes based
on trapped molecular ions.

[1] V. Albert, et al. Phys. Rev. X 10, 031050 (2020)
[2] S. Jain, et al. arXiv:2311.12324 [quant-ph] (2023)
[3] C. Chou, et al. Science 367, 1458 (2020)
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Q 37.5 Wed 17:00 Tent B
A versatile algorithm for ion configuration determination in linear ion crys-
tals consisting ofmixed atomic andmolecular ion species— ∙StefanWalser,
Brandon Furey, Zhenlin Wu, Rene Nardi, Mariano Isaza Monslave,
Elyas Mattivi, and Philipp Schindler — Insitut für Experimentalphysik,
Universität Innsbruck
Trapped atomic ions enabled a variety of developments in quantum information
and computation in the last two decades. Recently efforts have been made to ex-
tend this well studied platform to molecular ions. The latter’s additional degrees
of freedom might provide a more resource efficient toolkit for quantum compu-
tational processes. Therefore, atomic logic ions are co-trapped with molecular
ions for sympathetic cooling, state preparation, and readout. Often molecular
ions cannot be observed directly but their presence is indicated by vacancies in
trapped ion chains. Thus, new methods to rapidly and precisely identify and lo-
cate molecular ions are required. We present a featureful algorithm based on a
custom peak finder and template fitting which processes image data of the ion
crystal. It reliably counts bright logic and dark molecular ions and measures the
ion configuration in real time on ms timescales. This provides a versatile basis
for automated in-time decision making in various novel experiments.

Q 37.6 Wed 17:00 Tent B
Non-Markovianity of the nonlinear Caldeira-Leggett model — ∙Moritz
F. Richter and Heinz-Peter Breuer — Institute of Physics, University of
Freiburg, Germany
Employing the simulation method of the hierarchical equations of motion
(HEOM), we investigate the nonlinear Caldeira-Legget model, a paradigmatic
microscopic system-reservoir model used in open system theory. In particular,
we study the impact of a nonlinear coupling of the open system to the reser-
voir modes on the size of memory effects quantified by the trace distance based
measure for non-Markovianity [1]. We also discuss the role of instabilities of
the HEOMmethod and how these influence the numerical determination of the
non-Markovianity measure.

[1] Breuer H-P, Laine E-M, Piilo J and Vacchini B; 2016 ”Colloquium: non-
Markovian dynamics in open quantum systems”; Rev. Mod. Phys. 88 021002

Q 37.7 Wed 17:00 Tent B
Characterization of squeezing sources using Hong-Ou-Mandel interference
measurements— ∙Florian Lütkewitte, KaiHong Luo, Michael Stefszky,
Benjamin Brecht, and Christine Silberhorn—Paderborn University, Inte-
grated QuantumOptics, Institute of Photonic Quantum Systems (PhoQS), War-
burger Str. 100, 33098, Paderborn, Germany
Gaussian boson sampling (GBS) is a promising platform for demonstrating pho-
tonic quantum advantage and noisy intermediate-scale quantum computing.
The performance of such systems depends on the ability to produce high-quality
single-mode squeezed states. One can produce such states by interfering the two
modes of a decorrelated, indistinguishable two-mode squeezed state generated in
potassium titanyl phosphate waveguides on a balanced beam splitter. However,
one needs to confirm that the generated states reach the qualities required for
these highly demanding applications. In this work, we investigate the possibili-
ties and limitations of using Hong-Ou-Mandel interference as a characterization
method for these squeezed light sources.

Q 37.8 Wed 17:00 Tent B
Energy level renormalization in strongly coupled open quantum systems —
∙Alessandra Colla, Florian Hasse, Frederike Doerr, Ulrich Warring,
Tobias Schaetz, and Heinz-Peter Breuer — Institute of Physics, University
of Freiburg, Hermann- Herder-Straße 3, D-79104 Freiburg, Germany
When a quantum system interacts strongly with a general environment, the in-
teraction energy they share can be of the same magnitude as the expectation
value of the bare system Hamiltonian, and can no longer be neglected. Is it then
justified to still consider the bare system Hamiltonian as the operator determin-
ing the energy levels of the system? If we observe the system while it is coupled
to the environment, would we witness signatures of the interaction energy in
the system? If so, how? We show that in the case of a simple Jaynes-Cummings
model, the energy levels of the two-level system undergo a renormalization due
to the strong interaction with the mode, in accordance with our recent proposal
for a theory of open system quantum thermodynamics [1]. This energy level
shift, which is in general time-dependent, is determined by the coupling strength
and by the initial state of the mode (typically its associated temperature). Fur-
thermore, it is experimentally accessible in suitable platforms, and leads to the
well known Lamb-shift for zero mode temperature and in the limit of large de-
tuning.

[1] A. Colla and H.-P. Breuer, Phys. Rev. A 105, 052216 (2022).

Q 37.9 Wed 17:00 Tent B
Speeding up Quantum Annealing with coupling to meter — ∙Mykolas
Sveistrys1, Giovanna Morigi2, and Christiane P. Koch1 — 1Fachbereich
Physik and Dahlem Center for Complex Quantum Systems, Freie Universität
Berlin, Arnimallee 14, 14195 Berlin, Germany — 2Theoretische Physik, Univer-
sität des Saarlandes, D-66123 Saarbrücken, Germany

Quantum annealing is a quantum computing paradigm with great promise, but
alsomany doubts whether it can produce speedups over classical calculations. To
speed up quantum annealing calculations, we introduce a (potentially) dissipa-
tive protocol that involves a meter qubit coupled to the qubit array (the system)
encoding the annealing problem. The coupling is designed to commute with the
system Hamiltonian at all times. Depending on the state of the meter qubit, two
mechanisms emerge that result in enhanced adiabaticity and, therefore, a faster
time-to-solution: dephasing of the system in its instantaneous eigenbasis, and
an effective rescaling of the system’s energy levels. We first analyse analytically
the conditions where each mechanism dominates, finding that under some cir-
cumstances, one should optimize formaximal energy rescaling at the cost of zero
dephasing. We then numerically demonstrate the speedup such a protocol yields.
We show a 3.6x speedup in time-to-solution on a small-scale instance of theMin-
imumWeighted Vertex Cover Problem, and a 28% speedup in time-to-solution,
seemingly without any dependence on problem size, on a larger benchmark of
random Ising models.

Q 37.10 Wed 17:00 Tent B
Quantum Feedback Control for Quantum Error Correction on Supercon-
ducting Qubits — ∙Anton Halaski and Christiane P. Koch — Freie Uni-
versität Berlin, Berlin, Germany
Continuous quantum error correction (QEC) is required in many situations in
which the limit of a strong projective measurement cannot be applied. Recently,
Atalaya et al. [Phys. Rev. A 103, 042406 (2021)] proposed a continuous QEC
scheme for quantum information applications which involve continuously vary-
ing Hamiltonians. This scheme relies on a sufficiently strong and continuous
two-qubit parity measurement to extract the error syndromes. To implement
such a measurement is particularly challenging, since one has to perform a fast,
nonlocal measurement while at the same time not introducing any errors to the
information encoded in the qubits. We investigate to what extent this task can be
accomplished using current circuit QED architecture. Recent proposals for con-
tinuous parity measurements in this field rely on the so-called dispersive regime
in which the transmons are far detuned from a resonator which acts as the me-
ter for the parity measurement. As a result, transmons and resonator are only
weakly coupled and the measurement is slow. We explore how one can achieve
speedups by going to the quasi-dispersive regime. Measurements based on the
quasi-dispersive regime could then be utilized to enhance the resilience of Ata-
laya et al.’s and future QEC protocols.

Q 37.11 Wed 17:00 Tent B
Dilute measurement-induced cooling into many-body ground states —
∙Josias Langbehn1, Kyrylo Snizhko2, Igor Gornyi3, Giovanna Morigi4,
Yuval Gefen5, and Christiane Koch1 — 1Freie Universität Berlin, Berlin,
Germany — 2Université Grenoble Alpes, Grenoble, France — 3Karlsruhe Insti-
tute of Technology, Karlsruhe, Germany — 4Saarland University, Saarbrücken,
Germany — 5Weizmann Institute of Science, Rehovot, Israel
Cooling a quantum system to its ground state is important for the characteriza-
tion of non-trivial interacting systems, and in the context of a variety of quan-
tum information platforms. In principle, this can be achieved by employing
measurement-based passive steering protocols, where the steering steps are pre-
determined and are not based on measurement readouts. However, measure-
ments, i.e., coupling the system to auxiliary quantum degrees of freedom, is
rather costly, and protocols in which the number of measurements scales with
system size will have limited practical applicability. Here, we identify condi-
tions under which measurement-based cooling protocols can be taken to the
dilute limit. For two examples of frustration-free one-dimensional spin chains,
we show that steering on a single link is sufficient to cool these systems into their
unique ground states. We corroborate our analytical arguments with finite-size
numerical simulations and discuss further applications.

Q 37.12 Wed 17:00 Tent B
Suppression of Servo-Phase Noise for High-Fidelity Rydberg Excitations
— Philipp Herbig1, Ben Michaelis1, Nejira Pintul1, Tobias Petersen1,
Jonas Rauchfuss1, Oscar Murzewitz1, Clara Schellong1, Jan Deppe1,
Till Schacht1, Alexander Ilin1, ∙Koen Sponselee1, Klaus Sengstock1,2,
and Christoph Becker1,2 — 1Center for Optical Quantum Technologies,
Hamburg, Germany — 2Institute for Quantum Physics, Hamburg, Germany
Neutral-atom quantum computers require highly-stable lasers for resonant ex-
citation, which is usually achieved with a Pound-Drever-Hall (PDH) locking
scheme. However, this feedback scheme creates servo bumps, which can severely
limit excitation fidelities if the servo bandwidth frequency is similar to the Rabi
frequency. A feed-forward scheme by Li et al. [1] supresses these servo bumps,
and is here implemented in our Ytterbium quantum-computing experiment.

We are setting up our experiment to trap neutral 171-Ytterbium atoms in op-
tical tweezers, providing several options for qubits. A 301.5 nm laser can then
be used to excite 3P0 state atoms to an (n > 50) 3S1 Rydberg state, entangling
two neighbouring qubits with expected Rabi frequencies on the order of MHz.
The fundamental of this laser is first stabilised to a cavity with a PDH lock. The
servo bumps, about 500 kHz away from the carrier, are supressed by more than
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20 dB using this scheme [1]. Simulations indicate that this method leads to sig-
nificantly better excitation fidelities.

[1] Li et al., PRA 18, 064005 (2022)

Q 37.13 Wed 17:00 Tent B
Analysis of motional heating during ion-transport through RF junctions in
a surface-electrode Paul trap — ∙Phil Nuschke1, Florian Ungerechts1,
Rodrigo Munoz1, Janina Bätge1, Axel Hoffmann1,2, Teresa Meiners1,
Brigitte Kaune1, and Christian Ospelkaus1,3 — 1Institut für Quantenop-
tik, LeibnizUniversität Hannover,Welfengarten 1, 30167Hannover, Germany—
2Institut für Hochfrequenztechnik und Funksysteme, Leibniz Universität Han-
nover, Appelstraße 9a, 30167Hannover, Ger- many— 3Physikalisch-Technische
Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany
Ion transport through RF junctions is essential for the scaling of trapped-ion
quantum processors in the QCCD architecture. It is crucial to minimise the
heating rates during ion transport through an RF junction to avoid excessive
overhead in sympathetic re-cooling. This becomes increasingly important the
greater the number of qubits, since transport times become a limiting factor. The
interplay of transport speed and heating is complex and comprises effects from
anomalous heating, pseudopotential gradient heating, non-adabaticities imper-
fect transport waveform realizations. Here we discuss estimates of pseudopoten-
tial gradient heating vs. anomalous heating as a function of transport speed.

Q 37.14 Wed 17:00 Tent B
Fault-Tolerant One-Bit Addition with the Smallest Interesting Colour Code
— ∙YangWang1, Selwyn Simsek2, and Ben Criger2 — 13. Physikalisches In-
stitut, ZAQuant, University of Stuttgart, Allmandring 13, 70569 Stuttgart, Ger-
many — 2Quantinuum, Terrington House, 13-15 Hills Road, Cambridge, CB2
1NL, UK
Fault-tolerant operations based on stabilizer codes are the state of the art in sup-
pressing error rates in quantum computations. Most such codes do not permit
a straightforward implementation of non-Clifford logical operations, which are
necessary to define a universal gate set. As a result, implementations of these
operations must either use error-correcting codes with more complicated error
correction procedures or gate teleportation andmagic states, which are prepared
at the logical level, increasing overhead to a degree that precludes near-term im-
plementation. In this work, we implement a small quantum algorithm, one-qubit
addition, fault-tolerantly on the Quantinuum H1-1 quantum computer, using
the 8-qubit error detection code. By removing unnecessary error-correction
circuits and using low-overhead techniques for fault-tolerant preparation and
measurement, we reduce the number of error-prone two-qubit gates and mea-
surements to 36. We observe arithmetic errors with a rate of ~ 0.11% for the
fault-tolerant circuit and ~ 0.95% for the unencoded circuit.

Q 37.15 Wed 17:00 Tent B
Microwave near-field and stimulated-Raman quantum control of 9Be+ ions
in a cryogenic surface-electrode trap — ∙Emma Vandrey1, Sebastian
Halama1, and Christian Ospelkaus1,2 — 1Institut für Quantenoptik, Leib-
niz Universität Hannover, Welfengarten 1, 30167 Hannover, Germany —
2Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38166 Braunschweig,
Germany
Trapped-ion qubits are a promising hardware platform for quantum computing
and quantum simulation. In our group, we employ surface-electrode Paul traps
to confine 9Be+ ions and encode the qubits in two hyperfine levels of these ions.
For motional ground-state cooling and quantum logic gates, the ability to drive
sideband and carrier transitions with frequencies in the microwave regime is re-
quired. Integrating microwave conductors into the surface-electrode trap allows
the ion’s internal and motional states to be controlled using oscillating magnetic
fields and an oscillating magnetic gradient.

Alternatively, we can apply stimulated-Raman laser pulses to drive transitions
at microwave frequencies. The laser light for this setup is generated via sum-
frequency generation and subsequent second harmonic generation. Variable
frequency control is implemented using a double-pass acousto-optic modulator
setup with a geometry that is inherently stable with respect to thermal effects.

Both of these approaches were implemented in the context of a cryogenic ion
trap apparatus. We will report on the status of the project and on a new genera-
tion of segmented multi-ion trap chips to be implemented in this environment.

Q 37.16 Wed 17:00 Tent B
Automated modular design of surface electrode Paul traps for quantum
computing — ∙Brigitte Kaune1, Janina Bätge1, Axel Hoffmann1,2, Ro-
drigo Munoz1, Florian Ungerechts1, Teresa Meiners1, and Christian
Ospelkaus1,3 — 1Institut für Quantenoptik, Leibniz Universität Hannover,
Welfengarten 1, 30167 Hannover, Germany — 2Institut für Hochfrequenztech-
nik und Funksysteme, Leibniz Universität Hannover, Appelstraße 9a, 30167
Hannover, Germany — 3Physikalisch-Technische Bundesanstalt, Bundesallee
100, 38116 Braunschweig, Germany
Surface electrode Paul traps with integratedmicrowave conductors for near-field
quantum control are one of the most promising approaches for scalable quan-
tum processors. In the trap design process, numerical simulations using e.g.

FEM solvers are crucial. Building the system can be time consuming and slows
down the design process. We present progress on a modular trap zone com-
ponent library for rapid design of multilayer surface electrode Paul traps with
integrated microwave conductors. The library is currently being written for au-
tomated building with a commercial high-frequency system simulation design
software, allowing further pre-definition of excitations and analysis setups to
speed up the design process as efficiently as possible.

Q 37.17 Wed 17:00 Tent B
Realization of elementary operations for continuous-variable quantum
computers — ∙Freyja Ullinger, Rudi Pietsch, Alexander Sauer, and
Matthias Zimmermann — German Aerospace Center (DLR), Institute of
Quantum Technologies, 89081 Ulm, Germany
Continuous-variable quantum computers encode information and perform cal-
culations based on continuous degrees of freedoms, such as e.g. position or mo-
mentum. In this case, the elementary logical gates are characterized by continu-
ous transformations such as displacement, rotation and shearing[1,2]. However,
the implementation of these gates is limited to the experimentally available op-
erations to manipulate continuous quantum states. Therefore, it is necessary to
develop schemes that are applicable in a variety of physical systems.

In this poster, we present a representation-free theory to realize the displace-
ment, rotation and shearing operator for particles with non-vanishingmass. Our
method is solely based on the application of linear and quadratic potentials that
either act instantaneously or for a finite period of time, which makes our ap-
proach versatile for various continuous quantum systems.

[1] S. L. Braunstein and A. K. Pati, Quantum Information with Continuous
Variables (Kluwer Academic Publishers, Dordrecht, The Netherlands, 2003).
[2] S. L. Braunstein and P. van Loock, Rev. Mod. Phys. 77, 513 (2005).

Q 37.18 Wed 17:00 Tent B
QuMIC - Towards a scalable ion trap with integrated high-frequency control
— ∙Marco Bonkowski1, SebastianHalama1, and ChristianOspelkaus1,2
— 1Institut für Quantenoptik, Leibniz Universität Hannover, Hannover, Ger-
many — 2Physikalisch-Technische Bundesanstalt, Braunschweig, Germany
Surface-electrode ion traps are a promising candidate for a scalable quantum
computer [1]. A major challenge in this approach to quantum computing is the
integration of qubit control into the device. With the microwave near-field ap-
proach [2], qubit control realized by microwave conductors that are integrated
into the ion trap naturally scale with the trap itself. However, the microwave
signal generation currently takes place outside of the vacuum chamber in which
the ion trap is located. The QuMIC project researches and develops novel highly
integrated BiCMOS chips at high frequencies and their hybrid integration with
quantum electronics like ion traps. This approach enables the scalability of a
quantum computer to a large number of qubits and a drastic reduction in the
number of required high-frequency lines, which also benefits the cooling capa-
bilities of the cryostat used to cool down the ion trap to around 4K. We describe
the setup of a cryogenic ion trap apparatus with the associated laser systems for
beryllium. The apparatus will be used as a testing stand for rapid trap testing,
such as the ion traps with integrated microwave sources developed for QuMIC.
We will report on the current status of the project.

[1] Chiaverini et al., Quantum Inf Comput 5, 419-439 (2005)
[2] Ospelkaus et al., Phys. Rev. Lett. 101, 090502 (2008)

Q 37.19 Wed 17:00 Tent B
RF junctions for register-based trapped-ion quantumprocessors— ∙Florian
Ungerechts1, Rodrigo Munoz1, Janina Bätge1, Axel Hoffmann1,2,
Teresa Meiners1, Brigitte Kaune1, and Christian Ospelkaus1,3 —
1Institut fürQuantenoptik, LeibnizUniversität Hannover,Welfengarten 1, 30167
Hannover, Germany — 2Institut für Hochfrequenztechnik und Funksysteme,
Leibniz Universität Hannover, Appelstraße 9a, 30167 Hannover, Germany —
3Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig,
Germany
RF junctions are crucial for scaling trapped-ion quantum processors connect-
ing the specialized zones in the QCCD architecture. We discuss the design and
optimization techniques of such an RF junction for a surface-electrode trap, fo-
cusing on the implications for through-junction ion transport. We present an
optimized RF X-junction feasible for the transport of single 9Be+ ions and mul-
tilayer microfabrication.

Q 37.20 Wed 17:00 Tent B
Multiplexing of the transport through an X-junction ion trap — ∙Janina
Bätge1, Rodrigo Munoz1, Florian Ungerechts1, Axel Hoffmann1,2,
Teresa Meiners1, Brigitte Kaune1, and Christian Ospelkaus1,3 —
1Institut fürQuantenoptik, LeibnizUniversität Hannover,Welfengarten 1, 30167
Hannover, Germany — 2Institut für Hochfrequenztechnik und Funksysteme,
Leibniz Universität Hannover, Appelstraße 9a, 30167 Hannover, Germany —
3Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig,
Germany
One of the current problems in scaling up ion trap quantum processors is the
large number of control signals. Therefore, concepts to reduce the amount of
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required signals are needed. We present a concept for multiplexing the control
signals for a surface electrode ion trap with an X-junction. One of the key issues
is the estimation of the minimum number and the appropriate combination of
signals needed for through-junction transport.

Q 37.21 Wed 17:00 Tent B
Optical integration with femto-second laser written waveguides — ∙Marco
Schmauser1, Philipp Schindler1, Thomas Monz1, Marco Valentini1,
Jakob Wahl1,2, Alexander Zesar2,3, Klemens Schueppert2, Bernhard
Lamprecht4, Philipp Hurdax4, Clemens Rössler2, and Rainer Blatt1,5
— 1Universität Innsbruck, Innsbruck, Austria — 2Infineon Technologies Aus-
tria AG, Villach, Austria — 3Universität Graz, Graz, Austria — 4Joanneum Re-
search, Weiz, Austria — 5Institut für Quantenoptik und Quanteninformation,
Österreichische Akademie der Wissenschaften, Austria
Current ion trap quantum computing systems usually make use of free-space
optics to deliver the light to the ions. This practice makes the setups susceptible
to drifts and vibrations and limits the number of ions which can be manipu-
lated. For a scalable system it is thus necessary to increasingly integrate optical
elements from external components directly into the ion trap.

We use femto-second laser pulses to write single-mode and polarization-
maintaining waveguides directly into borofloat glass. Unlike other materials
used in CMOS technology, borofloat glass is transparent for ultraviolet light re-
quired for the manipulation of 40Ca+ ions. Henceforth, a microstructured sur-
face trap was realized featuring two of these waveguides, one for 397nm light and
one for 729nm light. In parallel, we build up an integrated cryogenic quantum
computing system to enable fast trap testing and to investigate the quality of the
light delivery to the ions.

Q 37.22 Wed 17:00 Tent B
Building a tweezer arraywith programmable connectivity— ∙Johannes Sch-
abbauer, Stephan Roschinski, Marvin Holten, and Julian Léonard —
TU Wien, Atominstitut, Vienna Center for Quantum Science and Technology
(VCQ), Austria
Creating multi-particle entangled states deterministically is one of the big chal-
lenges for quantum information processing. While this was achieved locally in
several systems, for instance with arrays of optical tweezers using Rydberg in-
teractions between atoms, we present a novel platform to engineer non-local
interactions between single atoms in optical tweezers by strong coupling to an
optical cavity. In our experiment we use a fiber cavity, which enables good op-
tical access for placing high resolution microscopes above and below the cavity.
These microscopes are used for creating the tweezer array, single-site resolved
imaging, and addressing single atoms in the optical tweezers. Our experiment
enables us to study multi-particle entangled states and many-body systems with
programmable interactions. The dispersive shift of the cavity resonance can be
used to perform non-destructive measurements and to implement protocols for
dissipative state preparation.

Q 37.23 Wed 17:00 Tent B
Coherent control of strontium atoms trapped in an optical lattice and appli-
cations for quantum simulations — ∙Jan Geiger1,2, Valentin Klüsener1,2,
Sebastian Pucher1,2, Felix Spriestersbach1,2, Immanuel Bloch1,2,3,
and Sebastian Blatt1,2,3 — 1Max-Planck-Institut für Quantenoptik, Hans-
Kopfermann-Straße 1, 85748 Garching, Germany— 2Munich Center for Quan-
tum Science and Technology, 80799München, Germany— 3Fakultät für Physik,
Ludwig-Maximilians-Universität München, 80799 München, Germany
Neutral atoms trapped in optical lattices allow for precise measurements, quan-
tum simulation, and quantum computation. Here, we demonstrate the essen-
tial building blocks for a quantum simulator: state-dependent trapping, large,
homogeneous optical lattices, single-atom resolved fluorescence imaging, and
high-resolution optical spectroscopy. We present the first coherent excitation
of the ultranarrow 1S0-

3P2 magnetic quadrupole transition in 88Sr. Building on
this work, we demonstrate high-fidelity Rabi oscillations between the 3P0 and
3P2 state. The developed spectroscopy methods enable us to perform quantum
simulations on strongly coupled light-matter interfaces.

Q 37.24 Wed 17:00 Tent B
Quantum speed limit dependence on the number of controls in a qubit array
— ∙David Pohl, Fernando Gago-Encinas, Matthias Krauss, and Chris-
tiane P. Koch—Arnimallee 14, 14195 Berlin
Universal quantum computing requires operator controllability of the qubit ar-
ray. This is typically realized via qubit-qubit couplings and local external con-
trols on every qubit which becomes challenging when scaling to large numbers
of qubits. We have shown recently that the number of external controls can be
reduced to the extreme limit of a single control. However, this comes at the ex-
pense of longer gate durations. Here, we investigate the gate duration depending
on the number of local controls. In particular, we show that reducing controls in-
creases the quantum speed limit (the shortest time to generate a quantum gate).
We determine this limit for a universal set of gates for different 3-qubit systems
using quantum optimal control.

Q 37.25 Wed 17:00 Tent B
Realising fast readout for Rydberg arrays — ∙Balázs Dura-Kovács1,2,
Mehmet Öncü1,2, Jacopo De Santis1,2, Sebastian Ruffert1,2, and Jo-
hannes Zeiher1,2 — 1Max-Planck-Institut für Quantenoptik, Garching —
2Munich Center for Quantum Science and Technology (MCQST), München
Ordered arrays of neutral atoms provide an appealing platform for quantum sim-
ulation and quantum computation. Laser-cooled atomic gases allow for simulat-
ing quantum many-body systems with unprecedented control over microscopic
degrees of freedom. The recent progress on tweezer-based atom arrays and quan-
tum gas microscopes has enabled microscopic detection and manipulation of
such systems down to the level of single atoms. Here, we present our progress on
an experimental platform aimed at achieving cavity-assisted, non-destructive,
local readout of atoms in a tweezer array. Long-range and tunable interactions
between highly-excited Rydberg states make the platform suited to simulate spin
models and – together with the fast cavity-based readout – form the architectural
basis for the realisation of a scalable quantum computing platform.

Q 37.26 Wed 17:00 Tent B
Optical tweezers for trapped ionquantumsimulation— ∙RimaX. Schüssler,
MatteoMazzanti, Clara Robalo Pereira, NellaDiepeveen, LouisGal-
lagher, Zeger Ackerman, Arghavan Safavi-Naini, and Rene Gerritsma
—University of Amsterdam, Amsterdam, The Netherlands
Trapped ion crystals offer an advanced platform for quantum computation and
simulation. However, limited control over the interactions between the ions con-
strains the range of accessible Hamiltonians.

In our experiment, we plan to combine trapped ions with microtraps in the
form of optical tweezers. These additional potentials will allow us to manipulate
the phonon mode spectrum and thereby control the spin-spin interactions of
the ions in a Paul trap. We will use a high power 1030nm laser far detuned from
any transition in Yb+. The tweezers will be produced by a spatial light modu-
lator and focused on the ions to a waist of a few μm with a high NA objective.
With the right tweezer pattern [1], we can then use the system to study various
Hamiltonians of interest, for example, Hamiltonians on a kagome lattice in 2D
ion crystals.

[1] J.D. Espinoza, M. Mazzanti, K. Fouka, R.X. Schüssler, Z. Wu, P.Corboz
Phys. Rev. A 104, 013302 (2021).

Q 37.27 Wed 17:00 Tent B
Progress towards a fault tolerant microwave-driven two qubit quantum
processor — ∙Hardik Mendpara1,2, Nicolas Pulido-Mateo1,2, Markus
Duwe1,2, Alexander Onkes1,2, Ludwig Krinner1,2, and Christian
Ospelkaus1,2 — 1Institut für Quantenoptik, Leibniz Universität Hannover,
Hannover — 2Physikalisch-Technische Bundesanstalt, Braunschweig
A universal quantum gate set can be realized by the combination of single-qubit
gates and one entangling operation. Here, we realize such a universal gate-set
using the microwave near-field approach [1]. We trap 9Be+ ions in a surface
electrode trap and perform the quantum logic operations with embedded elec-
trodes. The individual qubits are addressed by micromotion sidebands [2] and
the entangling gate is performed via a Mølmer-Sørensen type interaction. We
approach an infidelity of 10−3 with entangling gates using partial state tomogra-
phy and in a computational context we extract a composite process infidelity of
3.4(4) × 10−2 using the cycle benchmarking protocol [4]. We report on recent
progress on improving the gate fidelities and characterizing the quantum process
errors.

[1] C. Ospelkaus et al., Phys. Rev. Lett. 9, 090502 (2008)
[2] U. Warring et al., Phys. Rev. Lett. 17, 173002 (2013)
[3] M. Duwe et al., Quantum Sci. Technol. 7, 045005 (2022)
[4] N. Pulido-Mateo et al., Manuscript in preparation

Q 37.28 Wed 17:00 Tent B
Employing continuous quantum systems to solve optimization problems —
∙Alexander Sauer, Sebastian Luhn, and JannesWeghake—DLR e.V., In-
stitut für Quantentechnologien, Ulm
At land, sea and in the air mobility and traffic management offer a vast amount
of problems with a large potential of optimization with quantum computers, e.g.
service scheduling, route planning, or path optimization. Many of these prob-
lems can be described at a fundamental level by the traveling salesman problem
(TSP), in which the shortest route while visiting each point exactly once is to
be found [1]. The TSP has already received a lot of attention in the quantum
computing community, for example, implementations for adiabatic quantum an-
nealers exist and have been tested [2,3]. We investigate the TSP with a focus on
going beyond qubits by employing continuous quantum systems. Using bosonic
Qiskit we simulate potential algorithms for solving the TSP and compare their
performance.
[1] Flood, M. M., The traveling-salesman problem. Operations research, 4(1),
61-75, (1956).
[2] Martoňák, Roman, Giuseppe E. Santoro, and Erio Tosatti., Quantum anneal-
ing of the traveling-salesman problem. Physical Review E 70.5: 057701, (2004).
[3] Jain, S., Solving the traveling salesman problem on the d-wave quantum com-
puter. Frontiers in Physics, 646, (2021).
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Q 37.29 Wed 17:00 Tent B
Extreme power spectre effects with special pulse shapes: Power narrowing
and power broadening — ∙Ivo Mihov — Department of Physics, St Kliment
Ohridski University of Sofia, 5 James Bourchier blvd, 1164 Sofia, Bulgaria
The effects of the excitation pulse shape on the transition line of the qubit are
detrimental. Some pulse shapes are known to exhibit power broadening (the
Rabi model). Others do not depend on the Rabi frequency whatsoever (the
Rosen-Zener model). We have even shown that a family of pulse shapes reverse
the power broadening effect and exhibits power narrowing instead. They have
been theoretically and experimentally demonstrated using IBM Quantum hard-
ware.

In this work we focus on pulse shapes that produce a case of extreme power
broadening patterns. They are usually made of a convex shape that starts and
ends with a sharp discontinuity, similar to the rectangular pulse shape. The
two pulse shapes that were used throughout the experiment were of the form
Ω1(t) = Ω0t

2N , where N is a non-negative integer, and Ω2(t) = Ω0(1 + βt2),
where β can be any real number (may also be negative). We have experimentally
shown an increase in the 9pi excitation maximum of our custom pulse by a fac-
tor of approximately 5 over the one with the simple rectangular pulse using IBM
Quantum system ibmq_manila.

Q 37.30 Wed 17:00 Tent B
Entanglement generation in photonic two photon quantum walks —
∙Federico Pegoraro, Philip Held, Benjamin Brecht, and Christine Sil-
berhorn — Paderborn University, Integrated Quantum Optics, Institute for
Photonic Quantum Systems (PhoQS), Paderborn, Germany
Entanglement constitutes a fundamental property for the development of quan-
tum algorithms and protocols capable of outperforming their classical counter-
parts in terms of speed and resource efficiency. In order to be able to exploit
the advantages offered by entanglement one must be capable of producing such
a resource. For this reason we study how to generate entanglement in a pho-
tonic setting using a well known quantum process: the multi-walker quantum
walk (QW). In this process a number of quantum objects, the ”walkers”, evolve
in a position space according to the update of an internal degree of freedom
called coin. We use a photon pair produced via type-II spontaneous parametric
down-conversion as walkers: their coins are encoded into the respective polar-
ization states, while for the position space we employ a time-multiplexing loop
where a given arrival time corresponds to a certain output position. The two
photons are launched in the QW and propagate in the setup for a certain amount
of round-trips after which they are released and detected. By performing joint
polarization-tomography on the walkers at the output of theQW,we can evaluate
the dynamics of entanglement creation and distribution in the QW.

Q 37.31 Wed 17:00 Tent B
Development of time-multiplexed fiber-based quantum walks — ∙Moritz
Borchardt, FedericoPegoraro, BenjaminBrecht, andChristine Silber-
horn — Paderborn University, Integrated Quantum Optics, Institute of Pho-
tonic Quantum Systems (PhoQS), Warburger Str. 100, 33098, Paderborn, Ger-
many
The randomwalk stands as a powerful tool within the realm of computer science.
Its quantummechanical counterpart, referred to as the quantum walk, opens up
avenues for developing even more efficient algorithms tailored to address both
current and future (quantum) computing challenges. Among various possibili-
ties, photonic based implementations have proven to be advantageous in terms of
resources needed to realize the quantum walk evolution. Due to complex align-
ment procedures and large system size, opting for partial integration seems to be
a reasonable approach in terms of scaling. Additionally, recent results highlight
that achieving the necessary modulation speed, crucial for effective quantum
computing, is only feasible through the use of integrated modulators. In fact, in-
tegrated thin-film lithium niobate modulators have shown bandwidths in excess
of 100 GHz. Here we take a step in this direction and present an implementation
of an integrated time-multiplexed quantum walk that relies only on fiber loops
and directional couplers. We experimentally demonstrate the quantum walk dy-
namics, and we investigate effects of unbalanced losses in the setup with an out-
look on dynamic implementations requiring fiber based active components that
would have an impact on the system efficiency.

Q 37.32 Wed 17:00 Tent B
Quantum Information Processing with trapped-ion based Qudits — ∙Lukas
Gerster1, Peter Tirler1, Manuel John1, Lisa Parigger1, Michael
Meth1, Claire Edmunds1, Pavel Hrmo1, Benjamin Wilhelm1, Martin
van Mourik1, Rainer Blatt1,2,3, Philipp Schindler1, Thomas Monz1,3,
and Martin Ringbauer1 — 1Institut für Experimentalphysik, Universität
Innsbruck, Technikerstraße 25/4, 6020 Innsbruck, Austria — 2Institut für
Quantenoptik und Quanteninformation, Österreichische Akademie der Wis-
senschaften, Technikerstraße 21a, 6020 Innsbruck, Austria — 3AQT, Techniker-
straße 17, 6020 Innsbruck, Austria
Quantum Information Processing has been predominantly developed using
qubits, two level quantum systems, as its fundamental building blocks. However

many physical implementations of qubit-based quantum processors actually use
multilevel systems, from which only two levels are selected for information en-
coding. By extending the encoding information in multi-level qudit basis states,
one directly expands the Hilbert space available for computation, and promises
more efficient compilation with respect to the number of required entangling
gates. We experimentally demonstrate an implementation of a native two-qudit
entangling gate up to dimension 5 in a trapped-ion system, and we present a
new experimental apparatus dedicated for exploring higher dimensional qudit
protocols and algorithms up to qudit dimension d=7.

Q 37.33 Wed 17:00 Tent B
Gerchberg-Saxton Algorithm for Optical Tweezer Arrays — ∙Jonas
Rauchfuss1, Nejira Pintul1, Tobias Petersen1, Oscar Murzewitz1,
Clara Schellong1, Jan Deppe1, Koen Sponselee1, Alexander Ilin1,
Klaus Sengstock1,2, and Christoph Becker1,2 — 1Center of Optical Quan-
tum Technologies University of Hamburg, Luruper Chaussee 149, 22761 Ham-
burg — 2Institute for Quantum Physics, University of Hamburg, Luruper
Chaussee 149, 22761 Hamburg
Neutral atoms have shown to be a promising candidate for building large scale
quantum computing devices, with fast high-fidelity single and two-qubit gates as
well as flexible initialisation and readout. Recently, alkaline earth (-like) atoms
such as ytterbium (Yb) and strontium (Sr) have shown to offer promising ways
to overcome some of the main challenges on the road to large scale, fully pro-
grammable quantum computers with decent effective circuit depth. In this con-
text, uniformly trapping atoms within optical tweezers is crucial for ensuring
prolonged coherence times and mitigating qubit dephasing. This poster focuses
on the implementation of two distinct variations of the Gerchberg-Saxton al-
goritm (GSA) utilized for generating and homogenising optical tweezer arrays
using a spatial lightmodulator (SLM).Moreover, we implemented a camera feed-
back into our system to improve optimization and responsiveness. Our analysis
compares the efficacy of these approaches in creating intermediate-scale, uni-
form optical tweezer arrays.

Q 37.34 Wed 17:00 Tent B
Gerchberg-Saxton Algorithm for Optical Tweezer Arrays — ∙Jonas
Rauchfuss1, Nejira Pintul1, Tobias Petersen1, Oscar Murzewitz1,
Clara Schellong1, Jan Deppe1, Koen Sponselee1, Alexander Ilin1,
Klaus Sengstock1,2, and Christoph Becker1,2 — 1Center of Optical Quan-
tum Technologies University of Hamburg, Luruper Chaussee 149, 22761 Ham-
burg — 2Institute for Quantum Physics, University of Hamburg, Luruper
Chaussee 149, 22761 Hamburg
Neutral atoms have shown to be a promising candidate for building large scale
quantum computing devices, with fast, high-fidelity single and two-qubit gates
as well as flexible initialisation and readout. Recently, alkaline earth (-like) atoms
such as ytterbium (Yb) and strontium (Sr) have shown to offer promising ways
to overcome some of the main challenges on the road to large scale, fully pro-
grammable quantum computers with decent effective circuit depth. In this con-
text, uniform trapping of atoms within optical tweezers is crucial for ensuring
prolonged coherence times and mitigating qubit dephasing. This poster focuses
on the implementation of two distinct variations of the Gerchberg-Saxton al-
gorithm (GSA) utilized for generating and homogenising optical tweezer arrays
using a spatial lightmodulator (SLM).Moreover, we implemented a camera feed-
back into our system to improve optimization and responsiveness. Our analysis
compares the efficacy of these approaches in creating intermediate-scale, uni-
form optical tweezer arrays.

Q 37.35 Wed 17:00 Tent B
Solving optimization problems with local light shift encoding on Rydberg
quantum annealers — ∙Kapil Goswami1, Rick Mukherjee1, Herwig Ott2,
and Peter Schmelcher1 — 1Zentrum für Optische Quantentechnologien,
Universität Hamburg, Luruper Chaussee 149, 22761 Hamburg, Germany —
2Department of Physics and Research Center OPTIMAS, Rheinland-Pfälzische
Technische Universität Kaiserslautern-Landau,67663 Kaiserslautern, Germany
The current era of quantum computers is characterized by a limited number of
qubits, high levels of noise, and imperfect quantum gates. Despite these limita-
tions, neutral atom analog quantum computers offer opportunities for exploring
the potential advantages. We provide an efficient framework to solve combina-
torial optimization problems such as Maximum Cut (Max-Cut) and Maximum
Independent Set (MIS) on a Rydberg quantum annealer. Our system employs lo-
cally controlled light shifts on individual qubits in a many-body Rydberg setup,
mapping graph problems to the Ising spin model. Using optimal control meth-
ods, our numerical simulations implement the local-detuning protocol while
globally driving the Rydberg annealer to the desired many-body ground state,
which is the solution to the optimization problem. The solutions are obtained
for prototype graphs with varying sizes at time scales well within the system life-
time and with approximation ratios close to one. A comparative analysis with
classical simulated annealing is provided which highlights the advantages of our
scheme in terms of system size, hardness of the graph, and the number of itera-
tions required to converge to the solution.
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Q 37.36 Wed 17:00 Tent B
Quantum gas microscopy of strongly correlated states of the Fermi-Hubbard
model — ∙Johannes Obermeyer1, Dominik Bourgund1, Petar Bojovic1,
Si Wang1, Titus Franz1, Thomas Chalopin1, Immanuel Bloch1,2, and Ti-
mon Hilker1 — 1Max-Planck-Institut für Quantenoptik, Garching, Germany
— 2Ludwig-Maximilians-Universität, München, Germany
The Fermi-Hubbard model describes phenomena in condensed matter physics
including strange metals, the pseudogap or the formation of stripes. The model
possibly even explains the fundamental mechanisms of high-Tc superconductiv-
ity. With our quantum gas microscope based on ultracold Li-6 atoms we are able
to prepare states of the two-dimensional Fermi-Hubbard model and probe the
system with single site spin and density resolution. We use an optical superlat-
tice to engineer the Hamiltonian to a one, two or mixed dimensional system. On
top of our optical lattice a potential landscape gets projected by a digital mirror
device that facilitates the control of the hole doping in the Fermi-Hubbard sys-
tem. We present our observations of holes moving in an antiferromagnetic back-
ground. These observationsmark the onset of exploring antiferromagnetism and
the highly anticipated pseudogap phase of the doped Fermi-Hubbard model. In
future experiments, we want to explore more fundamental predictions of the
Fermi-Hubbard model like Mott excitons and aim to decrease our system tem-
perature exerting bilayer cooling. Additionally, the double well structure of the
superlattice is expected to enable the realization of collisional two-qubit gates for
digital quantum computing.

Q 37.37 Wed 17:00 Tent B
QuantumComputationwithNeutral Alkaline-Earth-like YtterbiumRydberg
Atoms in Optical Tweezer Arrays— ∙Nejira Pintul1,2, Tobias Petersen1,2,
Nicolas Heimann1,2, Lukas Broers1,2,3, Koen Sponselee1,2, Alexander
Ilin1,2, Jonas Rauchfuss1,2, Oscar Murzewitz1,2, Clara Schellong1,2,
Jan Deppe1,2, Christoph Becker1,2, Ludwig Mathey1,2,3, and Klaus
Sengstock1,2,3 — 1Zentrum für optische Quantentechnologien, 22761 Ham-
burg — 2Institut für Quantenphysik, 22761 Hamburg — 3The Hamburg Centre
for Ultrafast Imaging, 22761 Hamburg
Arrays of neutral atoms have evolved into a leading platform for quantum com-
putation. Alkaline-earth-like atoms promise to overcome present limitations
imposed on fault-tolerant quantum computation with its two valence electron
structure and single-photon Rydberg transitions, enabling new error correction
schemes [1], mid-circuit readout [2-4] and novel qubit architectures [5]. Here
we present our experimental approach to building an ytterbium-based Rydberg
tweezer experiment and report on the recent realization of uniform tweezer ar-
rays as well as mobile traps for atom reconfiguration. We present a machine
learning assisted two-qubit gate design [6] utilizing a hybrid-classical optimizer
to construct fidelity-optimal pulse sequences for realizing CNOT gates, while as-
suming feasible experimental parameters. [1] Nat Commun 13, 4657 (2022) [2]
Nature 622, 279284 (2023) [3] PRX Quantum 4, 030337 (2023) [4] Phys. Rev. X
13, 041035 (2023) [5] Phys. Rev. A 105, 052438 (2022) [6] arXiv 2306.08691

Q 37.38 Wed 17:00 Tent B
Optical Protocol for Generating Squeezed Coherent State Superpositions —
∙Elnaz Bazzazi, Roger Alfredo Kögler, Leon Reichgardt, and Oliver
Benson — Department of Physics, Humboldt University Berlin, Berlin, Ger-
many
Non-Gaussian states play a crucial role in fault-tolerant quantum computing,
where the manipulation of quantum states is susceptible to errors [1]. Certain
classes of non-Gaussian states, notably coherent state superpositions known as
cat states, pose challenges in generation due to complexity of breeding protocols
and limitations in their output state [2,3]. In this study, we explore an extension
of the protocol proposed in ref [4] that makes use of squeezed states and photon
number-resolving detectors as resources, demonstrating potential in generating
high-amplitude squeezed cat states. Simulation results validate the efficacy of this
protocol, and we suggest an experimental setup for its practical realization. This
research contributes to advances in fault-tolerant quantum information process-
ing through the generation of non-Gaussian states.

[1] Phys. Rev. A 106, 022431 (2022).
[2] Phys. Rev. A 103, 013710 (2021).
[3] Opt. Express 31, 12865-12879 (2023).
[4] Phys. Scr. 97 115002 (2022).

Q 37.39 Wed 17:00 Tent B
Towards time-bin entangled photon cluster states— ∙SiavashQodratipour,
ThomasHäffner, andOliverBenson—Humboldt-Universität zu Berlin, In-
stitut für Physik, AG Nanooptik, Berlin, Germany
Single photons are ideal carriers of quantum information due to the lack of inter-
action with each other. However, manipulating and controlling them for quan-
tum computing becomes a difficult task. One-way quantum computation [1]
overcomes this challenge by avoiding non-linear two-qubit interaction and in-
stead uses highly entangled states called ”cluster states”. Together with single
qubit measurements and feed-forward a scalable universal quantum computer
can be implemented [2]. The aim of our research is to realize a cluster state by

fusion of few photon qubits which are time-bin encoded (early and late time-
bins) in optical fibres. In this presentation, we will report on the generation of
time-bin entangled photon pairs at 1560 nm and the subsequent characteriza-
tion of the energy-time and time-bin entanglement by two photon interference
[3]. We will also outline how we implement interferometric phase stability and
arbitrary phase point control which are necessary to achieve a reproducible and
deterministic interference. Scalability of our approach will be discussed as well.

[1] Raussendorf, R. et al. Phys. Rev. Lett. 86, 5188-5191. (2001).
[2] Lu, CY. et al. Nature Phys 3, 91-95 (2007).
[3] Tanzilli, S. et al. Eur.Phys. J. D 18, 155-160 (2002).

Q 37.40 Wed 17:00 Tent B
Towards a quantum gas microscope with programmable lattices — ∙Sarah
Waddington, Isabelle Safa, Marvin Holten, and Julian Léonard —
Atominstitut TUWien, Vienna, Austria
Cold atoms in optical lattices are a powerful platform for investigating and
simulating a wide range of physical phenomena relevant to areas from con-
densed matter to quantum information. Our poster will describe the ongoing
design and development of a quantum gas microscope capable of operation with
Li6 (fermionic) or Li7 (bosonic) in a reconfigurable lattice potential with site-
resolved state preparation, evolution, and readout. The setup is optimized to
reach sub-second cycle times by removing the transport step and implementing
advanced cooling techniques.

Potential avenues of research for our new project include simulating and
investigating phases of matter predicted by the Fermi-Hubbard model, frac-
tional quantumHall phases, and ’frustrated’ systems with unconventional lattice
shapes.

Q 37.41 Wed 17:00 Tent B
Optical Ising model simulations with caesium vapor cells —
∙Kilian Junicke1, Elizabeth Robertson1,2, Mingwei Yang1,2, Inna
Kwiatkowski2,3, and Janik Wolters1,2 — 1Technische Universiät Berlin, In-
stitute forOptics andAtomic Physics, Hardenbergstr. 36, 10623 Berlin, Germany
— 2Deutsches Zentrum für Luft- und Raumfahrt e.V. (DLR), Rutherfordstr. 2,
12489 Berlin, Germany — 3TU Berlin, Institut für Luft und Raumfahrt
Several computationally hard optimization problems can be mapped to find-
ing the ground state of an Ising model [1]. Simulating Ising models optically
promises speed increases [2]. Building an optical Ising machine then raises the
question of how to simulate the spin states [3].

Here we present a scheme for simulating an Ising model using the ground
states of cesium vapor at room temperature. We present methods for imple-
menting positive and negative interactions using a measurement and feedback
strategy. In the system electromagnetically induced transparency acts as a fre-
quency transducer. We initialize the system and allow it to evolve by executing
a series of pump probe operations on spatially multiplexed regions of an atomic
vapor cell until a ground state solution is found.

[1] Lucas, A. Ising formulations of NP problems. Front. Phys. 2, 5 (2014).
[2] McMahon, P.L. Physics of optical computing. Nat Rev Phys 5, 717-734

(2023).
[3] Böhm et al. Poor man’s coherent Ising machine for optimization. Nat

Commun 10, 3538 (2019).

Q 37.42 Wed 17:00 Tent B
Graph states generation fromone and two atoms in an optical cavity—Philip
Thomas, ∙Leonardo Ruscio, OlivierMorin, and Gerhard Rempe—Max-
Planck-Institut of Quantum Optics, Hans-Kopfermann-Straße 1, 85748 Garch-
ing
Given the importance of multiphoton graph states in quantum computation and
communication, their experimental demonstration is an important step towards
the realization of e.g measurement based quantum computation. In our work
we used single rubidium atoms trapped in the center of a Fabry-Perot cavity to
grow photonic graph states. With a single atom we implemented a deterministic
protocol to efficiently generate Greenberger-Horne-Zeilinger (GHZ) states and
linear cluster states up to 14 and 12 photons respectively, with fidelity greater
than of 76(6)% and 56(4)% [1]. Thanks to an overall single photon efficiency of
43% we collected these large states at a rate of about one coincidence per minute.
Using two atoms we demonstrated the generation of more complex graphs, such
as tree and ring states, exploiting an entangling mechanism based on the simul-
taneous emission and subsequent interference of two photons in the cavity mode
[2]. Starting with two independent GHZ states we produced a tree composed of
eight qubits with a lower bound fidelity of 69%. Furthermore, fusing a linear
cluster states with two entangling operations we also obtained rings of six and
eight qubits.

[1] P. Thomas et al., Nature 608, 677*681 (2022).
[2] P. Thomas et al., Under review (2024)
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Q 37.43 Wed 17:00 Tent B
Exploring the stability and performance of integrated linear optical networks
for photonic quantum computing — ∙Cheeranjiv Pandey, Federico Pego-
raro, Michael Stefszky, Benjamin Brecht, and Christine Silberhorn—
Paderborn University, Integrated QuantumOptics, Institute for Photonic Quan-
tum Systems (PhoQS), Warburger Str. 100, 33098, Paderborn, Germany
In recent years, photonic quantum computing has emerged as a highly promising
platform. This is particularly evident in the context of demonstrating quantum
advantage in noisy intermediate-scale quantum (NISQ) computing, as explored
in tasks like Boson Sampling. However, the success of many such computations
relies on the ability to accurately implement arbitrary unitary transformations
on input quantum states. Previous work has demonstrated the feasibility of
implementing arbitrary unitary transformations using an array of linear opti-
cal elements, such as beam splitters and phase shifters. This insight led to the
conceptualization of a multi-port interferometer, a versatile network that can be
programmed for implementing any unitary transformation between input and
output channels. The accuracy and stability of these transformations on multi-
port interferometers is crucial for effective quantum algorithms. Our ongoing
research explores the stability and performance of programmed unitary opera-
tions in commercially available multi-port interferometers, with the aim to in-
vestigate their suitability for photonic quantum computing.

Q 37.44 Wed 17:00 Tent B
Ion trap architectures for enhanced qubit connectivity — ∙Marco
Valentini1, Martin van Mourik1, Friederike Butt4, Matthias Dietl1,2,
JakobWahl1,2, Michael Pfeifer1,2, Marco Schmauser1, Bassem Badawi1,
Philip Holz3, Clemens Rössler2, Markus Müller4, Thomas Monz1,3,
Philipp Schindler1, and Rainer Blatt1,3 — 1Institut für Experimental-
physik, Universität Innsbruck, Technikerstrasse 25, 6020 Innsbruck, Austria
— 2Infineon Technologies Austria AG, Villach, Austria — 3Alpine Quantum
Technologies GmbH, 6020 Innsbruck, Austria — 4Institute for Quantum Infor-
mation, RWTH Aachen University, 52074 Aachen, Germany
We investigate scalable ion trap architectures for quantum computing, where in-
dependent ion strings are located in distinct lattice sites (or potential wells) in
a 2D array of RF traps. Distinct ion strings are coupled via their dipole-dipole
interaction. Full 2D connectivity is achieved tuning the distance between ad-
jacent potential wells along two orthogonal directions: One direction (axial) is
achieved controlling DC voltages, and the other (radial) controlling RF fields. In
this work we demonstrate the building blocks of such an architecture using two
surface ion traps. With the first, we demonstrate DC shuttling-based well-to-
well coupling rates up to 40 kHz, and phonon exchange between ion strings at
the quantum level. With the second, we characterize transport of ions along the
radial direction, andmeasure well-to-well coupling rates up to 15 kHz. These re-
sults provide an important insight into the implementation of fully controllable
2D ion trap lattices, and pave the way to the realization of 2D logical encoding
of qubits.

Q 37.45 Wed 17:00 Tent B
A quantum key distribution network with a multi-user phase- time coding
quantum key hub for city-wide deployment— ∙Maximilian Tippmann, Flo-
rian Niederschuh, Erik Fitzke, Till Dolejsky, and Thomas Walther —
TU Darmstadt, Institute of Applied Physics, 64289 Darmstadt
Today’s IT infrastructure is threatened e.g. by quantum computers implement-
ing Shor’s algorithm. Quantum key distribution (QKD) offers a method to make
this infrastructure resilient against such future attacks. While various QKD se-
tups have been tested relying on numerous different protocols, most systems do
not consider scaling beyond more than two users. We report on a phase-time
coding protocol based quantum key hub. The star-shaped layout of our network
with an entangled photon pair source as a central untrusted node allows scaling
to more than 100 users. We demonstrate the feasibility of a city-wide network
by showing results from experiments with parties spatially distributed in sep-
arate buildings connected via field-deployed fiber. During a measurement our
system is able to generate real-time secure keys, with one of two implemented
error-correction algorithms. Furthermore, we demonstrate the plug-and-play
flexibility and robustness of our setup allowing for different fiber distances, con-
nected parties and long-time operation over several hours.

Q 37.46 Wed 17:00 Tent B
Coupling of photonic crystal fibers to nonlinear waveguides for quantum fre-
quency conversion— ∙Felix Rohe, Marlon Schäfer, Tobias Bauer, David
Lindler, and Christoph Becher — Universität des Saarlandes, Fachrichtung
Physik, Campus E2 6, 66123 Saarbrücken
Quantum frequency conversion to the low-loss telecom bands is a key enabling
technology for long-range fiber-based quantum networks. While many current
devices use free space coupling to channel waveguides [1,2], for real world ap-
plications a more robust and compact design is desirable. Hence, direct butt-
coupling of optical fibers to channel waveguides poses an interesting alternative.
Here, we investigate coupling of solid-core photonic crystal fibers (PCF) to pe-
riodically poled lithium niobate waveguides. PCF are promising candidates for

use in quantum frequency conversion due to their ability to simultaneously guide
waves with a large difference in wavelengths in the fundamental mode, which is
crucial to spatially overlap the signal photons and the mixing wave. We show
first results regarding coupling and conversion efficiencies.
[1] Bock, M. et al., Nat Commun 9, 1998 (2018)
[2] Schäfer, M. et al., Adv Quantum Technol. 2023, 2300228

Q 37.47 Wed 17:00 Tent B
From Nonlinear Frequency Conversion towards Quantum Frequency
Conversion — Anica Hamer1, ∙Priyanka Yashwantrao1, Alireza
Aghababaei1, Frank Vewinger2, and Simon Stellmer1 — 1Physikalisches
Institut, Nussallee 12, Universität Bonn, 53115 Bonn, Germany — 2Institut für
Angewandte Physik, Wegelerstraße 8, Universität Bonn
Quantum networks, as envisioned for quantum computation and quantum com-
munication applications, are often based on a hybrid architecture. Such a layout
may include solid-state emitters, network nodes based on single or few atoms
or ions, and photons as so-called flying qubits. This approach requires an effi-
cient and entanglement-preserving exchange of photons between the individual
components and so involves frequency conversion of the photon.

We have established two different platforms to convert individual photons be-
tween wavelengths that are relevant for qubit platforms.

The first platform is based on nonlinear crystals and converts photons from
853 nm (InAs/GaAs QDs) to 370 nm (Yb+ ions).

The second platform is based on CSRS and CARS in dense molecular hydro-
gen gas. We have demonstrated conversion between 434 nm (F donors in ZnSe)
to 370nm (Yb+ ions) and between 863 nm (InAs/GaAs QDs) and the telecom
O-band. We will present first steps towards integrated frequency conversion in
gas-filled hollow-core fibers.

Q 37.48 Wed 17:00 Tent B
PIC based Entangled Photon Pair Source using Spontaneous Four-Wave-
Mixing and Pulsed PDH-Locking — ∙Maximilian Mengler, Jakob Kalt-
wasser, Erik Fitzke, and Thomas Walther — TU Darmstadt, Institute for
Applied Physics, 64289 Darmstadt
For many applications, such as quantum key distribution (QKD), entangled
photon pairs are a necessity. We use the process of spontaneous four-wave-
mixing to create these pairs within microring resonators on silicon nitride pho-
tonic integrated circuits (PICs). Results regarding, e.g. pair generation rate and
coincidental-over-accidental ratio obtained from two distinct PICs with differ-
ent layouts, specifications, and waveguide geometries will be presented and com-
pared. As the PICs are intended as sources for our time-bin based QKD-system,
the PDH technique used to lock the microring resonators to the pump light was
adapted for operation with pulsed light.

Q 37.49 Wed 17:00 Tent B
High-performance imaging of nanophotonic structures in cryogenic en-
voirment — ∙Timo Eikelmann1, Donika Imeri1,2, Rikhav Shah1, Lasse
Irrgang1, Mara Brinkmann1, TuncayUlas1, Konstantin Beck1, Lennart
Manthey1, and Ralf Riedinger1,2 — 1Zentrum für Optische Quantentech-
nologien, Universität Hamburg, 22761 Hamburg — 2The Hamburg Centre for
Ultrafast Imaging, 22761 Hamburg, Germany
Quantum networks require long coherence times, good interaction between
atoms and photons, and strong interaction between qubits. Silicon vacancy cen-
ters within a nanophotonic diamond cavity are promising in this field. These
nanophotonic structures are essential for light-matter interaction and efficient
coupling to the silicon center. Structures are approximately 10 micrometers long
and 500 nm wide and placed inside a cryostat to cool them down to around
0.1 Kelvin. Creating a high-performance imaging system inside a cryostat poses
challenges. The imaging system must be placed partially inside the cryostat and
partially outside and therefore is over 2 meters long. We implement an 8f imag-
ing system and a pair of galvanometer-driven mirrors to scan a focused laser
beam across the nanophotonic structure. This enables high-performance imag-
ing, the scanning of a desired area with a laser in a short time and provides flex-
ibility in imaging the given structures. High-resolution imaging enables precise
coupling between nanophotonic structures and optical fibers, enabling research
of efficient fiber-coupled quantum network nodes.

Q 37.50 Wed 17:00 Tent B
An improved DM-CV-QKD system for metropolitan fiber links — ∙Stefan
Richter1,2, Hüseyin Vural1,2, Jan Schreck1,2, Kevin Jaksch1,2, Ömer
Bayraktar1,2, Thomas Dirmeier1,2, Wenjia Elser1,2, Dominique Elser1,2,
and Christoph Marquardt1,2 — 1Lehrstuhl für Optische Quantentech-
nologien, Friedrich-Alexander-Universität Erlangen-Nürnberg, 91058 Erlan-
gen, Germany — 2Max-Planck-Institut für die Physik des Lichts, 91052 Erlan-
gen, Germany
Continuous-variable quantum key distribution (CV-QKD) is a key building
block for the quantum-safe encryption schemes needed to protect sensitive com-
munications against the growing threat ofmany-qubit quantum computers in the
coming decades. We present our prototype of a CV-QKD system for metropoli-
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tan fiber optical links based on the discrete modulation (DM) of coherent states
and compare it to an earlier iteration. We propose solutions to several technical
challenges of the implementation, including procedures for automatic working-
point stabilization, calibration, as well as phase recovery and tracking. Asymp-
totic keyrate estimates as a performance metric are discussed in the context of
additional constraints imposed by the error correction implemention.

Q 37.51 Wed 17:00 Tent B
Towards Quantum Memories in Noble-Gas Nuclear Spins with Alkali Metal
Vapour as Optical Interface— ∙NormanVincenz Ewald1,2, Tianhao Liu2,5,
AlexanderErl1,2, LuisaEsguerra1,3,WolfgangKilian2, JensVoigt2, De-
nis Uhland4, Ilja Gerhardt4, and JanikWolters1,3 — 1German Aerospace
Center (DLR), Institute of Optical Sensor Systems, Berlin — 2Physikalisch-
Technische Bundesanstalt, FB 8.2 Biosignale, Berlin — 3Technische Universität
Berlin, Institut für Optik und Atomare Physik, Berlin — 4Leibniz University
Hannover, Institute of Solid State Physics, Hannover — 5Tragically deceased on
22 July 2023.
Quantum memories with storage times well beyond 1 s will spawn manifold ap-
plications in quantum communication, e.g. as quantum token for authentication.
We present our first steps towards a quantum memory with long storage time in
a mixture of the noble gas 129Xe and an alkali metal vapour of 133Cs. A custom
glass cell at about room temperature contains both species and is placed inside a
table-top magnetic shield. Information will be stored in the collective excitation
of nuclear spins of 129Xe, which exhibit hours-long coherence times [1]. 133Cs
serves as optical interface for signal photons, which we store in a collective spin
excitation using EIT [2]. Coherent information transfer to the noble gas spins is
based on spin-exchange collisions and will be controlled by synchronisation of
Larmor precession [3].
[1] C. Gemmel et al., Eur. Phys. J. D 57, 303–320 (2010). [2] L. Esguerra et al.,
Phys. Rev. A 107, 042607 (2023). [3] O. Katz et al., Phys. Rev. A 105, 042606
(2022).

Q 37.52 Wed 17:00 Tent B
Simulation of Cluster state generation process with time-bin protocol —
Ruolin Guan1, ∙Fei Ding2, and Klemens Hammerer1 — 1Institut für The-
oretische Physik, Leibniz Universität Hannover, Germany — 2Institut für Fes-
tkörperphysik, Leibniz Universität Hannover, Germany
The on-demand generation of multi-entangled photons is an attractive goal for
the realization of quantum communication networks. Photonic Cluster State,
is a promising multi-entangled state because they are specifically prepared for
measurement-based quantum computation. Here, we propose to develop a sim-
ulation method for generating multi-photon states, particularly linear cluster
states with time-bin protocol. Additionally, we utilize a local measurement ap-
proach to simulate the measurement process.

Q 37.53 Wed 17:00 Tent B
Multiphoton interference in multidimensional systems — ∙Felix Twisden,
Jan Sperling, and Polina Sharapova — Paderborn University, Warburger
Strasse 100, 33098 Paderborn
Multidimensional entanglement is a key source for many quantum applications,
such as quantum computing, quantum communication and quantum simulation
[1]. Therefore, we investigate in this work a four-channeled quantum optical sys-
tem, which is driven by two spontaneous parametric down-conversion (SPDC)
sources (each emitting two photons), in order to characterize the photons via
coincidence probability. The system represents an integrated quantum circuit
with four channels, based on the platform material lithium niobate. The optical
components can be adjusted in such a way that the polarization of the photons
can be set individually. Furthermore, a time delay between the four photons can
be introduced. In this system, two photon pairs (four photons) are generated by
an independent SPDC-source and is therefore characterized by a spectrally en-
tangled frequency distribution. The main goal is to investigate the coincidence
probability for the described four photon case of the multichannel and multifre-
quency system regarding different configurations of the optical elements.

[1] J. Wang, S. Paesani, Y. Ding, R. Santagati, P. Skrzypczyk, A. Salavrakos,
J. Tura, R.Augusiak, L. Mančinska, D. Bacco, et al., Multidimensional quantum
entanglementwith large-scale integrated optics, Science360, 285*291 (2018).

Q 37.54 Wed 17:00 Tent B
Photonic integrated circuits for phase-encoded prepare-and-measure QKD
on a CubeSat— ∙Joost Vermeer1,2, Jonas Pudelko1,2, Kevin Günthner1,2,
and ChristophMarquardt1,2 — 1Friedrich-Alexander-Universität Erlangen-
Nürnberg, Germany— 2Max Planck Institute for the Science of Light, Erlangen,
Germany
In the past decade several projects have been started to develop satellite based
quantum key distribution (QKD) systems and avoid the range limitations of fiber
based QKD systems. The cost of these systems is for a large part determined
by the size, weight and power of the satellite. With photonic integrated circuits
(PICs) one can integrate many optical components on a single chip, which opens
up the possibility to implement all the optical functions necessary for QKD with
reduced size, weight and power requirements.

In this work, we will present our optical CubeSat payload for the QUBE-II
mission. It will perform phase encoded prepare-and-measure QKD with weak
coherent states using an Indium-Phosphide transmitter PIC. We discuss the
requirements for this transmitter PIC and compare different PIC design ap-
proaches to investigate which one can best fulfill these requirements.

Q 37.55 Wed 17:00 Tent B
Characterization of second order noise processes in waveguide-based quan-
tum frequency converters— ∙Ann-KathrinMüller, Markus Struckmann,
Florian Elsen, andConstantin LeonHäfner—Chair for Laser Technology,
RWTH Aachen University
Quantum frequency converters (QFCs) are photonic interfaces that convert
the photons emitted by qubits to the low-transmission-loss telecom bands for
fiber-based quantum communication. They can be realized using difference-
frequency-generation (DFG) with a strong laser field in periodically poled non-
linear materials, e.g. in a waveguide.

The aim is to maximize conversion efficiency whilst minimizing noise gen-
eration. Long-wavelength-pumped QFCs in which the strong light field is the
lowest frequency component in the DFG process are theoretically considered
quasi-noise-free.

However, during this work, noise characterization of a long-wavelength-
pumped QFC from 856.7 nm to 1527.7 nm identified second harmonic gen-
eration (SHG) of the strong laser field with subsequent spontaneous parametric
downconversion as a prominent noise source. Specifically, SHG-power in the
milliwatt-regime was measured, showing the relevance of two-staged effects to
noise in long-wavelength-pumped QFCs. This study advances the understand-
ing of noise generation in QFCs, offering insights into the implications for QFC
design and critical considerations for optimizing quantum networks.

Q 37.56 Wed 17:00 Tent B
Singular modes of light in dynamic random media — ∙David Bachmann1,
Mathieu Isoard1,2, Giacomo Sorelli1,3, Vyacheslav Shatokhin1, and
Andreas Buchleitner1 — 1Physikalisches Institut der Albert-Ludwigs-
Universität Freiburg — 2Laboratoire Kastler Brossel, Paris, France —
3Fraunhofer Institute for Optronics, Ettlingen, Germany
Wave propagation through random continuous media is an important funda-
mental problem with applications ranging from remote sensing to quantum
communication. We refine the methods for accurate numerical simulation and
table-top experiments of such media by introducing novel hybrid phase screens.
Within this framework, we investigate the effects of disorder on structured light
and show how instantaneous spatial singularmodes of light offer improved high-
fidelity signal transmission in dynamically evolvingmedia compared to standard
encoding bases. We show that power-law spectra such as the atmospheric Kol-
mogorov spectrum induce a subdiffusive algebraic decay of transmitted power
as a function of time.

Q 37.57 Wed 17:00 Tent B
TOWARDS CONSUMER-LEVEL QUANTUM-SECURE CRYPTOGRA-
PHY ENTANGLEMENT-BASED SHORT-RANGE QUANTUM-KEY-
DISTRIBUTION — ∙Luca Graf1,2,3, Henning Mollenhauer1,2,3, Till
Appel1,2,3, Daniel Tippel1,2,3, Pius Gerisch1,2,3, and Ralf Riedinger1,2,3
— 1Zentrum für Optische Quantentechnologien, Universität Hamburg, 22761
Hamburg, Deutschland — 2The Hamburg Centre for Ultrafast Imaging, 22761
Hamburg, Germany — 3Institut für Quantenphysik, Universität Hamburg,
22761 Hamburg, Deutschland
Over the last years various methods of quantum key distribution (QKD) have
been developed. Long distance implementations remain challenging due to the
exponential loss of photons in quantum channels. A possible solution is hybrid
cryptography, with key distribution over short distance, followed by quantum-
secure classical encryption over long distance. Short-range QKD allows for ex-
changing an information-theoretically secure root-of-trust that is stored on two
endmodules. This root-of-trust is employed to generate encryption keys through
classical rekeying algorithm. In this approach it is possible to spatially separate
the end modules and communicate over existing communication infrastructure
since no quantum channel required after initialization. We present an experi-
mental setup for short-range QKD with low-cost end modules that has the po-
tential to be made compact enough to be implemented with semiconductor elec-
tronics.

Q 37.58 Wed 17:00 Tent B
Machine learning improved search for nitrogen-vacancy colour centres with
long coherence times — ∙Ricky-Joe Plate, Jan Thieme, and Kilian Singer
—Universität Kassel, Kassel, Germany
Nitrogen-vacancy colour centres are offering promising qubits for room tem-
perature quantum information processing [1]. The quality of the qubits varies
over a typical diamond sample and finding colour centres with long coherence
times can be a time-consuming process in the lab. Here we present the architec-
ture of amachine learning-based network [2] that allows for an automated search
and characterization of optimal colour centres. An open-source implementation
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based on high-speed c++ code will be presented, that allows easy integration of
custom improvements to the code base.

[1]: Maurer, P.C., Kucsko, G., Latta, C. (2012): Room-Temperature Quantum
Bit Memory Exceeding One Second, in: Science Vol 336 Issue 6086, pp. 1283-
1286, doi: 10.1126/science.1220513. [2]: Jiang, X., Hadid, A., Pang, Y., Granger,
E. und Feng, X. (Hrsg.) (2019) Deep learning in object detection and recogni-
tion. Singapore: Springer.

Q 37.59 Wed 17:00 Tent B
A compact WGMR-based source optimized for coupling to an ion in a deep
parabolic mirror — Sheng-Hsuan Huang1,2, ∙Thomas Dirmeier1,2, Mar-
tin Fischer1,2, Markus Sondermann1,2, Gerd Leuchs1,2, and Christoph
Marquardt2,1 — 1Max-Planck-Institute for the Science of Light, Erlan-
gen, Germany — 2Department of Physics, Friedrich-Alexander-Universität
Erlangen-Nürnberg, Erlangen, Germany
As part of the BMBFQuNET initiative, it is planned to demonstrate the coupling

of a mobile node containing a SPDC source to a stationary ion trap.
Cavity-assisted SPDC sources have been known to allow for the efficient cou-

pling to atomic transitions. They often require additional spectral filtering cavi-
ties, thus leading to a higher experimental complexity. However, optical whisper-
ing gallery mode resonators (WGMR) have been proven to be compact, efficient
and singlemode sources of e.g. squeezed states or heralded single photons which
can be coupled well to alkali metal vapours [1-3].

In our presentation, we discuss the concept and progress on the realization of
a compact WGMR source that is specifically tailored to the D3/2 ⇔ D[3/2]1/2
transition at 935 nm of 174Yb+. We also highlight the challenges faced while de-
veloping a photon-ion-coupling experiment for a mobile platform, in this case
an airplane.

[1]A.Otterpohl, et.al., Optica 6, 1375-1380 (2019)
[2]G.Schunk, et.al., Journal of Modern Optics 63 (2016)
[3]M.Förtsch, et.al., Physical Review A 91(2) 023812 (2015)
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Q 38.1 Wed 17:00 KG I Foyer
NewMagnetically Levitation System forMagnetometry— ∙ChanghaoXu1,2,
Wei Ji1,2, and Dmitry Budker1,2,3 — 1Helmholtz Institute Mainz, Mainz, Ger-
many — 2Johannes Gutenberg University, Mainz, Germany — 3Department of
Physics, University of California at Berkeley, Berkeley, California 94720-7300,
USA
In this work, we attempt to provide a novel magnetometer operable at room tem-
perature. We firstly achieved stable levitation of magnets smaller than 1mm in
size at room temperature using diamagnetic levitation techniques. For the levi-
tated magnets, their rotational degrees of freedom are sensitive to external mag-
netic field strengthswith low dissipation. Through the application of optical lever
techniques, we have realized high-sensitivity measurements of the rotational dy-
namics of the levitated magnets. After suppressing factors such as magnetic field
noise, air fluctuation, laser-induced thermal damage, and system vibrations, we
have currently achieved a sensitivity of 1pT/Hz^1/2 for magnets with a size of
0.5mm.

Q 38.2 Wed 17:00 KG I Foyer
GHZ-bandwidth four-wave mixing in a thermal rubidium vapor using the
6P intermediate state — ∙Max Mäusezahl1, Felix Moumtsilis1, Moritz
Seltenreich1, Jan Reuter2,3, Haim Nakav4, Hadiseh Alaeian5, Harald
Kübler1, MatthiasMüller2, Charles Stuart Adams6, Robert Löw1, and
Tilman Pfau1 — 15. Physikalisches Institut, Universität Stuttgart, Germany —
2Forschungszentrum Jülich GmbH, PGI-8, Germany — 3Universität zu Köln,
Germany— 4Weizmann Institute of Science and AMOS, Israel— 5Departments
of Electr. &Computer Engin. and Physics &Astronomy, PurdueUniversity, USA
— 6Department of Physics, Joint Quantum Centre (JQC), Durham University,
UK
Fast coherent control of Rydberg excitations is essential for quantum logic gates
and on-demand single-photon sources like our concept based on the Rydberg
blockade as demonstrated for room-temperature rubidium atoms in a wedged
micro-cell. For our improved single-photon source, we employ state-of-the-art
1010 nm pulsed fiber amplifiers to drive a Rydberg excitation via the 6P inter-
mediate state.

Here we report on the current state, technical challenges, time resolved
nanosecond pulsed four-wave mixing, GHz Rabi cycling and photon statistics
involving the 40S Rydberg state. Using an updated electrical pulse system and
detectors we can increase photon generation and detection efficiency, while ex-
ploring the effects of the novel excitation scheme experimentally and numeri-
cally. The MHz repetition rate and excitation timescales also pave the way to-
wards fast optimal control methods for high fidelity Rydberg logic gates.

Q 38.3 Wed 17:00 KG I Foyer
Gyroscopywith ensembleNVcenters in diamond— ∙MuhibOmar1,2, Joseph
Shaji Rebeirro1,2, Dmitry Budker1,2,3, and Arne Wickenbrock1,2 —
1Helmholtz-Institut, GSI Helmholtzzentrum für Schwerionenforschung, 55128
Mainz, German — 2Johannes Gutenberg-Universität Mainz, 55128 Mainz, Ger-
man — 3Department of Physics, University of California, Berkeley, California
94720, USA
A rotation sensor protocol utilising the nitrogen nuclear spin in the Nitrogen-
Vacancy center (NV) system in diamond is proposed. The nuclear spin state
preparation method employed, consisting of a single green laser pulse and a mi-
crowave pulse, is to date the shortest pulse sequence employable for gyroscopic
sensing using nuclear spins in diamond at arbitrary fields. Field dependence of
lower magnetic bias field dynamical nuclear spin polarisation sequences is stud-
ied.

Q 38.4 Wed 17:00 KG I Foyer
Magnetometry and Thermometry with NV centers in a seeded optical cav-
ity — ∙Florian Schall1, Felix A. Hahl1, Lukas Lindner1, Alexander
Zaitsev2, TakeshiOhshima3, and Jan Jeske1 — 1Fraunhofer Institute for Ap-
plied Solid State Physics, Freiburg im Breisgau, Germany — 2College of Staten
Island, New York, USA — 3National Institutes for Quantum Science and Tech-
nology, Gunma, Japan
Tomeasure magnetic fields and temperatures with NV centers in diamond, their
spin-dependent fluorescence is usually monitored in an optically detected mag-
netic resonance (ODMR) measurement. A different approach is the concept
of laser threshold magnetometry (LTM), that uses the NV centers as a laser
medium. Recently researchers have demonstrated the magnetic field depen-
dence of the stimulated emission fromNV centers in a high-finesse optical cavity
using a seeding laser. Based on these results we determined the strength and ori-
entation of external magnetic fields created by a permanent magnet. Due to the
high finesse of the optical cavity, we achieved high contrasts and output powers
in the ODMRmeasurements. We also investigated the influence of laser andmi-
crowave power on diamond temperature. By specifically varying the diamond
temperature, we successfully verified the well-known temperature dependence
of the zero-field splitting of the NV center. Our results show the first vectorial
magnetic field determination with a setup based on LTM. The investigation of
the laser-induced temperature changes is highly relevant for a future integration
of the setup.

Q 38.5 Wed 17:00 KG I Foyer
Progress towards a fiber-based cold atom source in the meter range —
∙Marcus Malki, Viet Hoang, Thomas Halfmann, and Thorsten Peters
— TU Darmstadt, Darmstadt, Germany
Quantum technologies require controlled interactions with quantum systems
that are otherwise isolated from the incoherent environment. In the case of neu-
tral atoms or ions inside a vacuum system this means efficient shielding of the
quantum systems from their source, which often is a hot oven. One solution to
this problem is a flexible, cold source of neutral atoms.

We here report on our progress towards realizing such a source by implement-
ing a hollow-core fiber (HCF) guide for cold 87Rb atoms in the meter range. The
guide is based on an optical dipole trap propagating through the HCF to mini-
mize collisions of the cold atoms with the fiber wall.

We will discuss various considerations regarding the maximum guiding dis-
tance, such as background pressure inside the HCF, fiber bending radius, and
parametric heating. We will also present first measurements of the HCF loading
phase from atoms provided by a dark-line magneto-optical trap and discuss how
the number of atoms, their temperature and velocity can be probed inside a HCF.

Q 38.6 Wed 17:00 KG I Foyer
Temperature dependence of charge conversion during NV-center relaxome-
try — ∙Isabel Cardoso Barbosa, Jonas Gutsche, Stefan Dix, Dennis Lö-
nard, and Artur Widera — Physics Department and State Research Center
OPTIMAS, RPTU Kaiserslautern-Landau, 67663 Kaiserslautern, Germany
Temperature-dependent nitrogen-vacancy (NV)-center relaxometry is an estab-
lished tool to characterize paramagnetic molecules near a sensing diamond.
However, charge conversion between the negatively charged NV− and the neu-
trally charged NV0 impedes these pulsed-laser measurements and influences the
results for the T1 time. While the temperature dependence of the NV centers’ T1
time is well-studied, contributions from temperature-dependent charge conver-
sion during the dark time τ may further affect the measurement results. We
combine temperature-dependent relaxometry and fluorescence spectroscopy to
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unravel the temperature dependence of charge conversion in nanodiamond for
biologically relevant temperatures. While we observe a decrease of the T1 time
with increasing temperature, charge conversion remains unaffected by the tem-
perature change. These results allow the temperature-dependent performance
of T1 relaxometry without further consideration of temperature dependence of
charge conversion.

Q 38.7 Wed 17:00 KG I Foyer
Stable Zerodur based optical system for the MAIUS-2 mission — ∙Sören
Boles1, Moritz Mihm1, André Wenzlawski1, Ortwin Hellmig2, Klaus
Sengstock2, Patrick Windpassinger1, and the MAIUS Team1,2,3,4,5,6 —
1Johannes Gutenberg Universität Mainz — 2ILP, Universität Hamburg —
3Institut für Physik, HU-Berlin — 4IQO, Leibniz Universität Hannover —
5ZARM, Universität Bremen — 6FBH, Berlin
Launched in December 2023, the MAIUS-2 mission investigates BEC-mixtures
of Rb and K in microgravity environment on a sounding rocket flight. To as-
sure stable performance of the optical system under the harsh launch conditions,
fiber-coupled optical benches were manufactured based on the glass ceramic Ze-
rodur, a material which excels in having a very low coefficient of thermal ex-
pansion (CTE), as well as a high mechanical strength. Successful implementa-
tion of this optical technology was shown in various missions, such as FOKUS,
KALEXUS, as well as its predecessor MAIUS-1.
MAIUS-2 represents new challenges to the optical technology, since light to ma-
nipulate both atomic species has to be intensity controlled, pulse-shaped and
fiber-coupled to realize the experimental goals.
In this submission, we will present the performance of the Zerodur optical tech-
nology during the launch and flight of the MAIUS-2 mission.
MAIUS is supported by the German Space Agency DLR with funds provided by
the Federal Ministry of Economic Affairs and Climate Action (BMWK) under
grant numbers 50WP1433 & 50WP2103.

Q 38.8 Wed 17:00 KG I Foyer
(Near) zero-field cross-relaxation features for diamond magnetometry —
∙Omkar Dhungel1,2, Till Lenz1,2, Mariusz Mrózek3, Muhib Omar1,2,
Joseph Shaji Rebeirro1,2, Wojciech Gawlik3, Adam Wojciechowski3,
Viktor Ivady4,5,6, Adam Gali7,8, Arne Wickenbrock1,2, and Dmitry
Budker1,2,9 — 1Helmholtz-Institut Mainz, GSI, 55128 Mainz, Germany —
2JGU Mainz, 55128 Mainz, Germany — 3Jagiellonian University, Faculty of
Physics, Astronomy and Applied Computer Science, Lojasiewicza St. 11, 30-348
Krakow, Poland — 4Department of Physics of Complex Systems, ELTE Eötvös
Loránd University, Egyetem tér 1-3, H-1053 Budapest, Hungary— 5MTA-ELTE
Lendület *Momentum* NewQubit Research Group, Pázmány Péter, Sétány 1/A,
Budapest,1117, Hungary — 6Department of Physics, Chemistry and Biology,
Linköping University, 581 83 Linköping, Sweden — 7Wigner Research Cen-
tre for Physics, P.O. Box 49, H-1525 Budapest, Hungary — 8BUTE, Institute of
Physics, Department of Atomic Physics, Müegyetem rakpart 3., 1111 Budapest,
Hungary — 9Department of Physics, UC, Berkeley, California 94720-300, US
We study zero-field cross-relaxation features of negatively charged nitrogen-
vacancy (NV) center ensembles in diamond. This feature holds promise formag-
netometry applications where either the microwaves or the bias magnetic field
used in conventional NV center magnetometry disturb the system under study;
for example, the study of high-temperature superconductors, zero- to ultralow-
field (ZULF) NMR, investigation of biological samples, and magnetic materials.

Q 38.9 Wed 17:00 KG I Foyer
Ion trap chips on dielectric substrates for double-well coupling experiments
— ∙Michael D.J. Pfeifer1,2, Simon Schey1,3, Matthias Dietl1,2, Fabian
Anmasser1,2, Jakob Wahl1,2, Marco Valentini2, Martin van Mourik2,
ThomasMonz2, Fabian Laurent1, Clemens Rössler1, YvesColombe1, and
Philipp Schindler2 — 1Infineon Technologies Austria AG, Villach, Austria —
2University of Innsbruck, Innsbruck, Austria — 3Stockholm University, Stock-
holm, Sweden
We report on surface ion trap chips, industrially fabricated at Infineon Technolo-
gies [1,2], that are capable to generate a two-well potential for trapping ions. The
chips are designed for investigating rf shuttling in the large separation and in the
coupling regimes as element of a scalable architecture [1]. The optimization of
the design parameters of a surface ion trap in the rf coupling regimewith optimal
ion height and ion-ion distance is discussed.

The dielectric substrates Fused Silica and Sapphire are used in the fabrication
of the chips. The status of the microfabrication on these materials is discussed,
with a focus on optical and electric properties, as well as on wafer bow.

[1] Ph. Holz, S. Auchter et al., Adv. Quantum Technol. 3, 2000031 (2020)
[2] S. Auchter, C. Axline et al., Quantum Sci. Technol. 7, 035015 (2022)

Q 38.10 Wed 17:00 KG I Foyer
Microscopy Setup for Optical Measurements of Distances between Nanodia-
monds and Microwave-Antennas— ∙Oliver Beiersdorf, Stefan Dix, Den-
nis Lönard, Isabel Barbosa, and Artur Widera — Department of Physics
and State Research Center OPTIMAS, University of Kaiserslautern-Landau,
67663 Kaiserslautern, Germany

Due to their properties, negatively charged nitrogen-vacancy (NV) centers in
nanodiamonds are well-known in the field of magnetometry. In these quantum
systems, spin transitions can be induced by resonant microwave pulses andmea-
sured by fluorescence after laser excitation.

In this work, a reflected light microscopy setup for nanodiamonds was built,
including illumination and excitation of a sample positionable with an accuracy
of about 100 nm, a camera setup, and a fluorescence detection unit. It further
allows to freely position optical fibers over the sample with an accuracy of about
1 μm.

In this way, we want to quantify the dependence of the rabi-oscillations of
NV centers on the distance of a fiber-based endoscope with a silver direct-laser-
written structure formicrowave emission next to a fiber facet that can be used for
excitation. By successfully determining this dependence, we aim to validate the
suitability of NV diamonds as quantum sensors not only for magnetometry but
also for distance determination, ultimately enabling multifunctional NV-based
sensors.

Q 38.11 Wed 17:00 KG I Foyer
Real-world NV-center vector magnetometry of a 3D coil system — ∙Dennis
Lönard, Stefan Dix, Isabel Barbosa, and Artur Widera — Physics De-
partment and State Research Center OPTIMAS, RPTU Kaiserslautern-Landau,
67663 Kaiserslautern, Germany
The nitrogen-vacancy (NV) color center in diamond is an essential platform for
magnetic field sensing for technical and biological applications. One major ad-
vantage is that the spin state of the NV-center can be read out optically via flu-
orescence. Observing the Zeeman-splitting of four independent NV axes in one
diamond then enables full vectorial magnetometry. The signal detection of the
NV fluorescence can be substantially improved with lock-in amplification. How-
ever, discussions of magnetic field sensitivity are often limited to artificially engi-
neered lab conditions. Technical difficulties that arise when NV magnetometry
is to be performed in unknown magnetic fields are often disregarded.

Here, we present a real-world measurement of the vector magnetic field of a
3D coil system, used in a quantum gases experiment. Our sensor exhibits mag-
netic field sensitivities down to 200nT/rt(Hz) with bandwidths of up to 100Hz.
Thus showing the improvements NV center magnetometry can deliver over con-
ventional instruments likeHall-sensors. Signal-to-Noise ratio andmagnetic field
sensitivity can be further improved with balanced photodiode detection tech-
niques.

Q 38.12 Wed 17:00 KG I Foyer
Optimizing efficiencies in time-multiplexed photonic quantum walks —
∙Philip Held, Vincent Borlisch, Federico Pegoraro, Benjamin Brecht,
and Christine Silberhorn—Paderborn University, Integrated QuantumOp-
tics, Institute of Photonic Quantum Systems (PhoQS),Warburger Str. 100, 33098
Germany
Quantum walks function as essential means to implement quantum simulators,
allowing one to study complex quantum processes that often cannot be directly
accessed in the laboratory. Time-multiplexed photonic quantum walks offer the
possibility to build easily scalable systems. Here the position space of the walk is
mapped to temporal bins and physical elements of the setup are used time and
again. Experimentally this is implemented by realizing a looped structure, such
that each step is implemented by one roundtrip through the setup. Thus, the
overall losses - wich constitute the main limitation of the system - are mainly de-
termined by the roundtrip losses that scale exponentially with the step number.
In this contribution, we present a new scheme to build time-multiplexed pho-
tonic quantum walks. We were able to reduce the number of required optical
components and improve the spatial mode matching of the optical paths. The
new setup architecture features a smaller, compact footprint, higher long-term
stability, and a reduction of losses by more than 25% compared to the origi-
nal version. We now achieve a round-trip efficiency of 86%, which reduces the
measurement time by an order of magnitude for a 20-step two-photon quantum
walk.

Q 38.13 Wed 17:00 KG I Foyer
Nonlinear light-matter interaction based on integrated waveguides im-
mersed in hot atomic vapor — ∙Annika Belz1, Robin Klöpfer1, Benyamin
Shnirman1,2, Xiaoyu Cheng1, Harald Kübler1, Charles Stuart Adams3,
Hadiseh Alaeian4, Robert Löw1, and Tilman Pfau1 — 15. Physikalisches
Institut and Center for Integrated Quantum Science and Technology (IQST),
Universität Stuttgart, Germany — 2Institut für Mikroelektronik Stuttgart (IMS-
Chips), Stuttgart, Germany — 3Department of Physics, Joint Quantum Centre
(JQC) Durham-Newcastle, Durham, United Kingdom— 4Departments of Elec-
trical & Computer Engineering and Physics & Astronomy, Purdue University,
West Lafayette, USA
The combination of thermal atomic vapor with nano-photonic structures pro-
vides a unique platform for the manipulation of atom-photon and light induced
atom-atom interactions and can exhibit large optical non-linearities, even at the
single photon level.

We can further enhance these non-linearities by using slot waveguides in
which we observe repulsive interactions of the atoms within the slot via an en-
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larged Purcell factor. Thereby we generate a medium that reaches already in this
specific setting a nonlinearity on the few photon level. In order to verify the
nature of the non-linearity in more detail we plan to incorporate an integrated
Mach-Zehnder interferometer to access also the non-linear phase shift.

Furthermore, we present first measurements of the phase shift in a thermal
atomic vapor using a fiber coupled Michelson interferometer.

Q 38.14 Wed 17:00 KG I Foyer
A miniaturized and integrated fiber-based magnetic field sensor — ∙Stefan
Dix, Dennis Lönard, IsabelCardoso Barbosa, JonasGutsche, and Artur
Widera — Physics Department and State Research Center OPTIMAS, RPTU
Kaiserslautern-Landau, 67663 Kaiserslautern, Germany
The nitrogen-vacancy (NV) center is a crucial element inmeasuring precisemag-
netic fields while also retrieving temperature information. Possible applications
for this sensor range frommedical surgery over the analysis of magnetic samples
to current monitoring of today’s electric vehicles. While other concepts for inte-
grated sensors have been shown, ongoing miniaturization requires ever smaller
yet more robust sensing devices. In this work, we developed a versatile and ro-
bust sensor platform formacroscopic handling whilemaintaining a compact size
and including wires and optical fibers on a platform diameter of 1.25mm. Fur-
thermore, we use direct laser writing to fixate and couple a 15 μm-sized diamond
containing NV centers to one optical fiber and create a waveguide structure be-
tween another optical fiber to excite theNV center. Thus, we separate beampaths
for excitation and detection to enhance the sensitivity. Necessary antenna struc-
tures are created on the tip of an optical fiber using a silver direct laser writing
process. We test our device by probing the field distribution of a magnetic-coil
systemwith high spatial andmagnetic field resolution. Our results point towards
a sub-millimeter, integrated sensor for high spatial resolution vector magnetom-
etry with a large bandwidth.

Q 38.15 Wed 17:00 KG I Foyer
Fabricating high-finesse fiber Fabry-Perot cavities for quantumsimulation—
∙Constantin Grave, Isabelle Safa, Marvin Holten, and Julian Leonard
— TUWien - Atominstitut, Stadionallee 2, 1020 Wien, Österreich
Fiber Fabry-Perot cavities (FFPCs) are used in a wide spectrum of technical and
scientific applications ranging from cavity quantum electrodynamics and fiber-
coupled single-photon sources to new scanning microscopy techniques. We re-
alize a highly automated fabrication facility to manufacture curved mirrors on
the end-facets of optical fibers. While the curvature is shaped with a CO2 laser,
the coating for the reflectivity is applied externally. In our setup a Mireau ob-
jective using white light interferometry is included, allowing us to measure the
shape of the mirror during production and enabling iterative optimisation of the
geometry. We expect this approach to result in small yet open FFPCs with fa-
vorable scaling properties, small mode volumes as well as high finesses. This
combination of features is advantageous for the construction of compact and ro-
bust quantum-enabled devices like the currently build setup of our group, that
uses an tweezer-loaded array of neutral atoms inside a FFPC.

Q 38.16 Wed 17:00 KG I Foyer
Industrial fabrication of surface ion-traps with integrated optics — ∙Jakob
Wahl1,2, Alexander Zesar1, Klemens Schüppert1, Clemens Rössler1,
Philip Schindler2, and Christian Roos2 — 1Infineon Technologies Austria
— 2University of Innsbruck
Trapped ions have shown great promise as a platform for quantum computing,
with long coherence time, high fidelity quantum logic gates, and the success-
ful implementation of quantum algorithms. However, to develop trapped-ion
based quantum computers from laboratory setups to practical devices for solv-
ing real-world problems, the number of controllable qubits must be increased
while improving error rates. One of the major challenges for scaling trapped-ion
quantum computers is the need to switch from free space to integrated optics, to
achieve lower drift and vibrations of light relative to the ion, and therefore more
stable and scalable ion-addressing.

At Infineon and the University of Innsbruck, we are working on the integra-
tion of optical elements in surface ion traps, which are fabricated in industrial
semiconductor facilities at Infineon. We use femtosecond-laser written waveg-
uides to guide light in a glass-block that is manufactured on the chip’s surface in
wafer-level processes. The integrated waveguides eliminate vibrations between
optics and the ion, and therefore reduce intensity fluctuations of the laser light
at the position of the ion. Moreover, integrated waveguides can enable complex
light routing to multiple trapping sites and make quantum information proces-
sors more robust and more parallelizable.

Q 38.17 Wed 17:00 KG I Foyer
Edge Machine-Learning assisted Magnetometer Based on NV-Ensembles
in Diamond — ∙Jonas Homrighausen1, Ludwig Horsthemke2, Jens
Pogorzelski2, Sarah Trinschek1, Peter Glösekötter2, and Markus
Gregor1 — 1Department of Engineering Physics, University of Applied Sci-
ences, Münster— 2Department of Electrical Engineering andComputer Science
In the field of quantum sensing, particularly in magnetometry, the nitrogen-

vacancy (NV) center in diamond stands out as a promising sensor material.
It offers high sensitivity, exceptional spatial resolution, and wide bandwidth at
room temperature, making it an ideal candidate for miniaturization and integra-
tion due to its solid-state host crystal. However, the real-time tracking of mag-
netic field strengths using optically detected magnetic resonance (ODMR) poses
challenges, requiring sophisticated equipment such as multi-channel frequency
modulated RF generators and lock-in techniques. Additionally, accurately cal-
culating magnetic field magnitudes from transition frequencies requires various
parameters like crystal orientation and internal strain parameters. To address
these challenges, we propose a machine-learning assisted approach leveraging
an ESP32 microcontroller as the central control and acquisition unit [1]. By per-
forming inference on a pre-trained artificial neural network using data collected
from a fiber-coupled NV ensemble, we obtain the local magnetic field magni-
tude at the fiber tip. By using off-the-shelf components, we present a low-cost,
low-power standalone sensor device that can easily made portable.

[1] J. Homrighausen et al. (2023). Sensors 23(3), 1119.

Q 38.18 Wed 17:00 KG I Foyer
Rydberg Atom-based RF Sensors: E-field amplitude and phase-sensitive de-
tection — ∙Clara Roth, Matthias Schmidt, Lara Metzger, Stephanie
Bohaichuk, Chang Liu, Florian Christaller, Vijin Venu, Harald
Kübler, and James Shaffer — Quantum Valley Ideas Laboratory, Waterloo,
Canada, ON
We present theoretical work aimed at understanding radio frequency phase
and amplitude measurement using all-optical, atom-based electric field sensors.
Atom-based radio frequency field sensors have a number of applications in com-
munications, radar and test and measurement where both phase and ampli-
tude information are important. We apply the weak probe approximation to
the Lindblad-master equation and find analytic expressions for the density ma-
trix in steady state in several level schemes up to 5 levels where a closed loop is
formed. We focus especially on the absorption coefficient and the populations of
Rydberg states. With these expressions, we gain a deeper understanding of the
multi-photon interference and how this applies to phase and amplitude readout
in atom-based radio frequency sensors.

Q 38.19 Wed 17:00 KG I Foyer
Low Cost Prototyping and Teaching Platform for Quantum Sensing using
NV Centers — ∙Marina Peters1, Jan Stegemann1, Ludwig Horsthemke2,
Matthias Hollmann1, Nils Haverkamp3, Stefan Heusler3, Peter
Glösekötter2, and Markus Gregor1 — 1Department of Engineering
Physics, FH Münster University of Applied Sciences, Germany — 2Department
of Electrical Engineering and Computer Science, FH Münster University of Ap-
plied Sciences, Germany— 3Institute of Physics Education Research, University
of Münster
With the growing importance of quantum technology in industry and research,
the need for affordable, flexible and robust laboratory experiments for prototyp-
ing and university studies is increasing. With this modular, 3D-printed, low-cost
(< ¤250) open source experiment platform [1,2], students can learn about the
principles of quantum systems using the example of NV centers in diamond. The
optical components are mounted in 3D-printed cubes [3,4] that can be freely ar-
ranged on a grid. The platform presented enables experiments onmagnetometry
using optically detected magnetic resonance (ODMR) and lowers the threshold
to access modern quantum technology. [1] www.O3Q.de [2] Stegemann, J. et al.
European Journal of Physics 44 (2023), [3] Diederich, B. et al. Nature Commu-
nications11, 5979 (2020) [4] Haverkamp, N. et al. Physics Education 57 025019
(2022)

Q 38.20 Wed 17:00 KG I Foyer
Coherent control of ion motion via Rydberg excitation — ∙Marion
Mallweger1, Andre Cidrim2, Harry Parke1, Natalia Kuk1, Robin
Thomm1, Chi Zhang1, and Markus Hennrich1 — 1Stockholm University,
Stockholm, Sweden — 2Universidade Federal de São Carlos, São Carlos, Brazil
Trapped Rydberg ions are a novel approach to quantum information process-
ing, combining qubit rotations in the ions’ ground states with entanglement op-
erations via Rydberg interaction. In the experiments presented here a trapped
strontium ion was excited from the metastable 4D to Rydberg states. While for
the ground state of the ion, the polarizability is negligible, for Rydberg ions it in-
creases as ∼ n7. Thus, the high polarizability of the Rydberg state with respect to
the ground state leads to a displaced trapping potential during the Rydberg exci-
tation if the ion experiences an offset electric field. We explore how this trapping
field displacement can be employed for coherent control of the ions’ motion. We
investigate this effect by performing coherent excitation of the ion to the Rydberg
state by using stimulated Raman adiabatic passage (STIRAP). Repeated transi-
tions between the ground and the Rydberg states enhances the effect of the ion
displacement due to the change in trapping potential. This can be used to induce
a geometric phase accumulation via the ion motion. This excitation of motional
modes via Rydberg excitation and the generation of geometrical phases could be
utilized for realizing a fast quantum phase gate between multiple ions.
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Q 38.21 Wed 17:00 KG I Foyer
QKD with atom photon entanglement over an urban fiber link — ∙Jonas
Meiers, Christian Haen, Max Bergerhoff, Stephan Kucera, and Jür-
gen Eschner — Universität des Saarlandes, Experimentalphysik, 66123 Saar-
brücken
Quantum cryptographic protocols offer physical security through no-cloning
or entanglement. Following the entanglement-based quantum key distribution
protocol of [1], we present our implementation of atom-photon entanglement-
based quantum key distribution over a telecom fiber in a metropolitan network.
The protocol requires four atomic bases as well as two photonic bases and allows
us to create a quantum key with security verification via the Bell parameter. We
employ the polarization entanglement between a single trapped 40Ca+-ion and
an emitted photon at 854 nm according to [2], generated via the P3/2 → D5/2
transition. The photon is frequency-converted into the telecom band and trans-
mitted via a 15-km long urban dark fiber across Saarbrücken. The fiber has been
characterized and stabilized for the transmission of polarization-encoded qubits.
Following the implementation we discuss how well the experimental data agree
with the predictions from the theoretical protocol.
[1] R. Schwonnek et al., Nat. Commun. 12, 2880 (2021)
[2] M. Bock et al., Nat. Commun. 9, 1998 (2018)

Q 38.22 Wed 17:00 KG I Foyer
A Squeezed Light Interface for Silicon Vacancy Centers in Diamond
— ∙Konstantin Beck1, Donika Imeri1,2, Mara Brinkmann1, Timo
Eikelmann1, Lasse Jens Irrgang1, Lennart Manthey1, Sunil Kumar
Mahato1,2, Rikhav Shah1, Roman Schnabel1,2, and Ralf Riedinger1,2
— 1Zentrum für Optische Quantentechnologien, Universität Hamburg, 22761
Hamburg, Germany — 2The Hamburg Centre for Ultrafast Imaging, 22761
Hamburg, Germany
Silicon vacancy centers in diamond (SiV) have shown great potential for appli-
cations in quantum sensing and quantum communication, due to their optically
addressable spin transitions and stability against noise. At temperatures below
300 mK, the SiV has a long-lived spin degree of freedom that enables its use as
a qubit for quantum information applications. Integrating the properties of SiV
centers with the accessibility of a fiber network operating at telecomwavelengths
can enable efficient long-distance quantum communication.

We present a conceptual framework of an optical interface where we couple
squeezed photons to the silicon vacancy qubit and create Gottesman-Kitaev-
Preskill (GKP) states, known for their significance in error resilient quantum
communication protocols. We discuss the theoretical aspects of GKP state cre-
ation as well as the experimental setup. Key aspects such as the squeezed state
preparation, the diamond nanophotonic cavities hosting SiV centers and the
overall architecture of the experiment are highlighted.

Q 38.23 Wed 17:00 KG I Foyer
Fast, efficient and lossless measurement of atom-photon entanglement —
∙Gianvito Chiarella, Tobias Frank, Pau Farrera, and Gerhard Rempe
—Max Planck Institute for Quantum Optics, Garching bei München, Germany
Efficient quantum light-matter interfaces are crucial for the development of
quantum networks, which allow the generation, distribution and storage of
quantum states over remote locations. Two important capabilities of a quantum
network node are the efficient generation of entanglement between a stationary
and a flying qubit and the measurement of the stationary qubit in a fast and effi-
cient way. Moreover it is also important that the stationary qubit is usable after its
measurement. Even though these features have been shown separately in previ-
ous works, achieving them simultaneously remains a challenge. Here we report
about a quantum network node composed of a single Rb87 atom coupled to two
crossed fiber resonators, one mediating the generation of a photonic qubit en-
tangled with the atom, and the other collecting fluorescence photons for atomic
state measurement. We achieve an entanglement generation efficiency of 44%,
and we measure an atomic state in 7.5us with a fidelity of 98.5%. The implemen-
tation of such a node in a quantum network would be beneficial for quantum
communication protocols that involve the distribution of entanglement between
nodes as a resource.

Q 38.24 Wed 17:00 KG I Foyer
Active Polarization Modulation of Passive Entangled Photon Pair Sources—
∙Sabine Häussler1, Philippe Ancsin1, Meritxell Cabrejo-Ponce1,2, Ro-
drigoGómez1,2, and Fabian Steinlechner1,2 — 1Fraunhofer Institute for Ap-
plied Optics and Precision Engineering, Albert-Einstein-Straße 7, 07745 Jena,
Germany— 2Friedrich Schiller University, Institute of Applied Photonics, Abbe
Center of Photonics, Albert-Einstein-Str. 12, 07745 Jena, Germany
Entangled photon pair sources (EPS) are typically optimized to produce a sin-
gle well-defined quantum state. While such passive sources are highly suitable
for quantum key distribution (QKD), more advanced cryptographic protocols
with multiple parties, such as quantum secret sharing (QSS), demand more flex-
ible sources that incorporate active modulation. In our previous research, we
have examined the feasibility for multi-partite QKD using an EPS with active
state modulation. There, the EPS is based on a complete in-fiber Sagnac inter-

ferometer with a cascade of second-harmonic generation and downconversion in
two nonlinear waveguides. This setup offers high brightness, phase stability, and
high-speed active modulation. However, in this configuration, Raman noise in
fibers represents an issue that limits performance. To overcome this restriction,
the active modulation is moved outside the Sagnac loop to the pump prepara-
tion stage. This active system for polarization encoding is combined with a pas-
sive EPS, giving altogether a better performing system for flexible applications
in QKD. The system was characterized regarding its applicability as a reconfig-
urable quantum network for QSS.

Q 38.25 Wed 17:00 KG I Foyer
Time-Bin QKD with Wavelength-Division Multiplexing — ∙Niklas Hum-
berg, Alejandro Sánchez-Postigo, and Carsten Schuck — Departement
for Quantum Technology, Münster, Germany
When doingQuantumKeyDistribution, there are several different approaches to
increase the secret key rate of a quantum channel. One possibility isWavelength-
Division Multiplexing (WDM), where photons of several different wavelengths
are sent simultaneously in parallel over the same channel. These time-bin en-
coded qubits are generated by a narrow-band laser with adjustable wavelength
in combination with electro-optic modulators for pulse generation. After trans-
mission through a quantum channel with up to 90 km length, the qubits are de-
multiplexed and analyzed in the time domain using an 8-channel silicon nitride-
on-insulator photonic integrated circuit. We use Mach-Zehnder interferometers
with a 200 ps on-chip delay line to measure in complementary bases and enable
a maximal key generation rate of up to 2.5 Gbit/s employing NbTiN supercon-
ducting nanowire single-photon detectors (SNSPDs) with high timing accuracy.
We present simulation results, the QKD setup, and first measurements.

Q 38.26 Wed 17:00 KG I Foyer
Low Noise Quantum Frequency Conversion of SnV-Resonant Photons to the
Telecom C-Band — ∙David Lindler, Tobias Bauer, Marlon Schäfer, and
Christoph Becher — Universität des Saarlandes, FR Physik, Campus E2.6,
66123 Saarbrücken
Tin-Vacancy-Centers (SnV) in diamond represent a promising candidate for
quantum nodes in quantum communication networks, that store, process and
distribute quantum information [1,2]. To exchange the information between
these nodes over long distances through optical fiber links, the spin state of the
SnV-Center is transfered onto single photons. These photons are then converted
into the low-loss telecom bands via quantum frequency down-conversion, to
avoid the problem of high loss in fibers for SnV-resonant photons at 619 nm.
Scaling this to large networks requires a shared frequency reference frame to en-
sure, e.g, the indistinguishability of two converted photons from different nodes,
when performing a Bell state measurement.

We here present a two-stage low noise scheme for quantum frequency con-
version of SnV-resonant photons to the telecom C-band based on difference fre-
quency generation in PPLNwaveguides. The two step process drastically reduces
noise at the target wavelength compared to the single step process [3]. We will
present the conversion efficiency, conversion-induced noise count rates, and ini-
tial results on the frequency stabilization of the mixing laser.
[1] J. Görlitz et al., npj Quant.Inf. 8, 45 (2022).
[2] R. Debroux et al., Phys. Rev. X 11, 041041 (2021).
[3] M. Schäfer et al., Adv Quantum Technol. 2300228 (2023).

Q 38.27 Wed 17:00 KG I Foyer
Polarization-Preserving Quantum Frequency Conversion of 40Ca+-Resonant
Photons to the Telecom C-Band — ∙Tobias Bauer, David Lindler, and
Christoph Becher — Universität des Saarlandes, FR Physik, Campus E2.6,
66123 Saarbrücken
In quantum communication networks information is stored in internal states
of quantum nodes, which can be realized e.g. in trapped ions like 40Ca+ [1] or
SnV color centers in diamond [2]. By transferring the states onto flying quantum
bits, i.e. photons, it is possible to exchange information between these nodes over
long distances via optical fiber links. Utilizing quantum frequency conversion to
a common target wavelength enables the entanglement of dissimiliar quantum
memories and drastically reduces fiber attenuation by choosing a target wave-
length in a low loss telecom band.
We present a high-efficiency, rack-integrated quantum frequency converter for
polarization-preserving conversion of 40Ca+-resonant photons to the telecomC-
band. This converter is highly suited for real-world applications in urban area
fiber networks, e.g. photonic entanglement distribution [3] or creation of remote
entanglement of atomic systems. Wewill also show first progress towards the en-
tanglement of a 40Ca+-ion with a SnV center by stabilizing the mixing lasers for
both conversion processes to a common frequency reference.
[1] C. Kurz et al., Phys. Rev. A. 93, 062348 (2016)
[2] J. Görlitz et al., npj Quant.Inf. 8, 45 (2022)
[3] E. Arenskötter, T. Bauer et al., npj Quantum Inf 9, 34 (2023)
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Q 38.28 Wed 17:00 KG I Foyer
Coherent excitation of tin vacancy centres in diamond using a cross-
polarization excitation scheme— ∙DennisHerrmann, RobertMorsch, and
Christoph Becher — Fachrichtung 7.2, Universität des Saarlandes, Campus
E2.6, 66123 Saarbrücken, Germany
In recent years the tin vacancy centre (SnV) in diamond has raised interest in
the QIP community as it offers bright and pure single photon emission into life-
time limited optical transitions combined with long spin dephasing times on
the order of T∗

2 ∼ 5μs [1,2,3]. The coherent control of qubits and the genera-
tion of spin-photon entanglement typically requires resonantly driving optical
transitions of the SnV centre. A spectral separation of excitation and emission
wavelengths is highly desirable to discriminate the strong driving against single
emitted photons. However, in the level scheme of the SnV centre we find that
the large ground state splitting leads to a fast population decay from the upper to
the lower orbital ground state making it necessary to excite and read out on the
same optical transition. Here we deploy a homebuilt cross-polarisation confo-
cal microscopy setup as demonstrated for semiconductor systems [4,5]. Offering
polarisation extinction ratios of up to 107 it is enabling the strong polarisation se-
lective suppression of laser light with respect to orthogonally polarised photons
emitted on the same optical transition. Using short excitation pulses of below
250ps we furthermore demonstrate coherent Rabi-Oscillations.

1. New J. Phys. 22, 013048 (2020). 2. npj Quantum Inf 8, 45 (2022). 3. Phys.
Rev. X 11, 041041 (2021). 4. Phys. Rev. X 11, 021007 (2021). 5. Rev. Sci.
Instrum. 84, 073905 (2013).

Q 38.29 Wed 17:00 KG I Foyer
Indistinguishable single photons from negatively charged tin-vacancy cen-
tres in diamond — ∙R. Morsch1, D. Herrmann1, J. Goerlitz1, B. Kambs1,
P. Fuchs1, P.-O. Colard2, M. Markham2, and C. Becher1 — 1Fachrichtung
7.2, Universität des Saarlandes, Campus E2.6, 66123 Saarbrücken, Germany —
2Element Six Global Innovation Centre, Fermi Avenue, Harwell Oxford, Didcot,
Oxfordshire, X11 0QR, UK
Within the field of quantum information processing (QIP) numerous schemes
demand long-lived, stationary qubits, that can be controlled coherently and read
out optically. Furthermore, a linear optics quantum computer inherently relies
on the emission of single indistinguishable photons. The negatively charged tin-
vacancy centre (SnV-) in diamond has made its mark as a promising candidate
for these applications. Individually addressable spins with long coherence times
as well as bright emission of single, close-to-transform limited photons render
it a good light-matter interface. Moreover, recent studies point towards high
achievable indistinguishabilities upon resonant excitation. Here we present our
work on different excitation schemes for the generation of single indistinguish-
able photons emitted by SnV-centres: In off-resonant excitation we find the in-
distinguishability of the single photons to be limited due to the high excitation
powers needed. We further evaluate different approaches for excitation within
the SnV multi-level scheme and discuss their limitations. Eventually we report
on the state of experiments on emission of indistinguishable single photons upon
resonant excitation in a homebuilt cross-polarization setup.

Q 38.30 Wed 17:00 KG I Foyer
Highly-automated quantum frequency conversion device for single photons
from SnV centers in diamond— ∙Marlon Schäfer, David Lindler, Tobias
Bauer, and Christoph Becher — Universität des Saarlandes, Fachrichtung
Physik, Campus E2 6, 66123 Saarbrücken
Quantum frequency conversion of single photons to low-loss telecom bands is
one of the key enabling technologies to distribute entanglement in fiber-linked
quantum networks. However, in order to make this technology viable for real-
world applications, quantum frequency converters must ensure robust 24/7 op-
eration even outside of laboratory conditions and without human intervention.

Here, we investigate the employment of automation technology in quantum
frequency converters aiming to increase robustness, stability and functionality.
In particular automatic beam alignment and beamposition stabilization are used
to ensure long-time stable operation even under varying ambient conditions. We
aim to automate a conversion process, where in two separate PPLN waveguides
photons resonant with tin-vacancy (SnV) centers in diamond are first converted
to an intermediate wavelength and then to the telecomC-band. Such a two-stage
scheme was recently shown to successfully circumvent pump-induced noise for
the conversion of single photons from silicon-vacancy centers to diamond [1].
[1] Schäfer, M. et al., Adv Quantum Technol. 2023, 2300228.

Q 38.31 Wed 17:00 KG I Foyer
A portable warm vapour quantum memory — ∙Martin Jutisz1, Alexan-
der Erl2,3, Elisa Da Ros1, Luisa Esguerra3,2, Janik Wolters3,2, Mustafa
Gündoğan1, and Markus Krutzik1,4 — 1Humboldt-Universität zu Berlin,
Berlin, Germany — 2Technische Universität Berlin, Berlin, Germany —
3Deutsches Zentrum für Luft- und Raumfahrt, Berlin, Germany— 4Ferdinand-
Braun-Institut (FBH), Berlin, Germany
Warm vapor quantum memories have seen significant progress in terms of ef-
ficiency and storage time in recent years. Their low complexity makes them a

promising candidate for operation in non-lab environments including space-
based applications. As a necessary element of quantum repeaters, memories op-
erating in space could advance global quantum communication networks [1].

We will present the implementation and performance of a portable rack-
mounted stand alone system, that includes also the laser system and control elec-
tronics. The optical memory is based on long-lived hyperfine ground states of
Cesium which are connected to an excited state via the D1 line at 895 nm in
a lambda-configuration. The stability of the memory efficiency and fidelity is
demonstrated at single photon level. Different methods to micro integrate this
platform are also being investigated.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the Federal Ministry of Economics and Technology (BMWi) under
grant number 50RP2090 & 50WM2347.

[1] M. Gündoğan et. al., npj Quantum Information 7, 128 (2021)

Q 38.32 Wed 17:00 KG I Foyer
Processing of Tapered Fibres with Concave End Facets for Quantum Net-
works — ∙Lasse Jens Irrgang1, Georgia Eirini Mandopoulou1,3, Timo
Eikelmann1, Mara Brinkmann1, Tuncay Ulas1, Sunil KumarMahato1,2,
Donika Imeri1,2, Rikhav Shah1, and RalfRiedinger1,2 — 1Zentrum für Op-
tische Quantentechnologien, Universität Hamburg, 22761 Hamburg, Germany
— 2The Hamburg Centre for Ultrafast Imaging, 22761 Hamburg, Germany —
3Department of Physics, Harvard University, Cambridge, MA 02138, USA
A key aspect in the creation of quantum networks for quantum communica-
tion based on trapped ions or vacancy centres is the interface between pho-
tons travelling in fibres and the qubit. For an efficient connection, fibres need
to be processed to fit the application. We present a set-up based on laser abla-
tion which allows for precise machining of fibres and presents an alternative to
the current technique of etching with hydrofluoric acid. Specifically, we produce
concave end facets and tapered profiles with desired properties. The applications
include low noise microcavities in QED-based interfaces to trapped ions or Ry-
dberg atoms. Fibres exhibiting only the tapered profile can also be used for a
connection to silicon vacancy centres in diamond.

Q 38.33 Wed 17:00 KG I Foyer
Robust Dynamical Decoupling Driven by Pulses with Field Inhomogeneities
in Pr:YSO — ∙Niklas Stewen, Markus Stabel, and Thomas Halfmann —
Technische Univeristät Darmstadt, Germany
We present a demonstration experiment in which we compare the robustness of
state-of-the-art composite pulse (CP) sequences for dynamical decoupling with
regard to typically unavoidable inhomogeneities in the driving radiofrequency
(RF) pulses. To systematically vary and characterize the field inhomogeneity, we
modify the winding number of our driving RF coils, and, using an orthogonal
addressing of the crystal, perform a spatially resolved measurement of the Rabi
frequency distribution in 3D. We quantify the performance of CP sequences at
different inhomogeneities by measuring the coherence time of EIT light storage
in a Pr:YSO crystal. We find that already for rather homogeneous driving fields,
CP sequences and in particular the universal robust (UR) family of sequences
provide a large improvement compared to the standard CPMG sequence. This
advantage further increases with the field inhomogeneity.

Q 38.34 Wed 17:00 KG I Foyer
Towards Photonically Connected Quantum Nuclear Microprocessors —
∙Donika Imeri1,2, Timo Eikelmann1, Mara Brinkmann1, Lennart
Manthey1, Rikhav Shah1, Lasse Jens Irrgang1, Konstantin Beck1, and
Ralf Riedinger1,2 — 1Zentrum für Optische Quantentechnologien, Univer-
sität Hamburg, 22761 Hamburg — 2The Hamburg Centre for Ultrafast Imaging,
22761 Hamburg, Germany
Silicon-vacancy (SiV) color centers in diamond are promising candidates for en-
hancing quantum communication systems. SiVs exhibit advantageous charac-
teristics as solid-state emitters with an effective optical interface and protective
inversion symmetry. This setup enhances the entanglement generation between
spin qubits and photonic qubits, which is a crucial step toward building scalable
quantum communication networks. Key challenges in achieving coherent in-
teractions between nuclear spins and SiV are ultra-low temperatures and strong
currents that generate radio-frequency fields. Here, we present a platform inte-
grating nuclearmagnetic resonance coils with nanophotonic structures designed
to operate at millikelvin temperatures, thus paving the way for advancements in
quantum networks using SiV-based systems.

Q 38.35 Wed 17:00 KG I Foyer
A Protocol for Multiplexed Entanglement Generation with Distinguishable
Telecom Emitters — ∙Fabian Salamon1,2, Olivier Kuijpers1,2, Adrian
Holzäpfel1,2, and Andreas Reiserer1,2 — 1Max-Planck-Institut für Quan-
tenoptik, Hans-Kopfermann-Str. 1, 85748 Garching, Germany — 2Technische
Universität München, TUM School of Natural Sciences, James-Franck-Straße 1,
85748 Garching, Germany
Second-long spin coherence times and emission in theminimal-loss telecommu-
nication window make erbium dopants in solid-state host crystals a particularly
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attractive candidate for future quantum network applications [1].
Spectral diffusion has so far prevented the generation of entanglement be-

tween these erbium emitters, since most entanglement protocols require the
emission of indistinguishable photons. Here, we present a protocol that by-
passes this constraint: Upon reflection on a strongly coupled atom-cavity sys-
tem, a high-fidelity controlled-Z gate can be applied to a photon [2]. Since the
bandwidth of this gate is larger than the spectral diffusion, entanglement can be
generated between two distinguishable erbium emitters.

The envisioned hybrid platform combines a large-scalemultiplexing capability
with insensitivity to spectral diffusion. This could enable entanglement genera-
tion over hundred kilometres of optical fiber at unprecedented rates.

[1] A. Reiserer, Rev. Mod. Phys. 94, 041003 (2022). [2] A. Reiserer, N. Kalb,
G. Rempe & S. Ritter, Nature 508(7495), 237-240 (2014).

Q 38.36 Wed 17:00 KG I Foyer
Exploring Germanium-Vacancy Centers in Diamond Cavities for a Quan-
tumRepeaterModule— ∙PrithviGundlapalli, Katharina Senkalla, Lev
Kazak, Philipp Vetter, Stefan Dietel, and Fedor Jelezko — Universität
Ulm
Diamond photonic cavities present a compelling architectural framework for
effectively addressing individual spins associated with diamond color centers,
thereby enabling the scalability of diverse quantum applications in sensing, com-
puting, and networking. An essential prerequisite for quantum networks in-
volves entangling color centers separated over considerable distances, necessi-
tating the employment of quantum repeaters due to the unreliable transmission
of flying qubits over such distances. Notably, group IV defects like Ge, Sn, and
Pb vacancy centers within diamond exhibit promising attributes such as efficient
light-matter interfaces as well as long coherence times, which are conducive to
serving as candidates for quantum repeaters. We present our progress on the
development of diamond photonic cavities integrated with Germanium vacancy
centers (GeV) as well as simulation results that allows for efficiently building
quantum registers. These will ultimately be used to develop a quantum repeater
module.

Q 38.37 Wed 17:00 KG I Foyer
Titel — ∙Leon Messner1, Helen Chrzanowski1, and Janik Wolters1,2 —
1Deutsches Zentrum für Luft- und Raumfahrt e.V. (DLR), Institute of Optical
Sensor Systems, Berlin, Germany — 2Technische Universität Berlin, Institut für
Optik und Atomare Physik, Berlin, Germany
We present first results and future prospects for a photon-pair source based
on spontaneous parametric down-conversion (SPDC) in a periodically poled
monolithic KTP crystal cavity[1]. By proper engineering of the cavity param-
eters and phase-matching, it is possible to tune the source for interfacing with
atomic systems and particularly with quantum memories.

By putting the cavity end mirrors directly on the non-linear crystal we have
build a photon-pair source that is set to a dedicated signal and idler wavelength
of 895 nm with a bandwidth of 250 MHz and a cavity finesse of 90 while retain-
ing a tuneability of 20 GHz. The source emits photon pairs at a rate of 40 kcts/s
with an heralding efficiency of 38%, limited by the current choice of collimation
optics.

We plan on interfacing our source with a warm vapor EIT quantum mem-
ory[2] to explore synchronizing the probabilistic photon source to a fixed clock
rate. In addition to investigating typical parameters of quantum memories such
as efficiency and maximum storage time, we will measure the attainable two-
photon interference between a photon retrieved from the memory and one di-
rectly from the source.
[1] Mottola, R. et al., Optics Express 28, 3159-3170 (2020)
[2] Buser, G. et al., PRX Quantum 3, 020349 (2022)

Q 38.38 Wed 17:00 KG I Foyer
Towards a fully integrated SU(1,1) interferometer in a periodically poled
Ti:LiNbO3 waveguide — ∙Jonas Babai-Hemati, Kai Hong Luo, Raimund
Ricken, Harald Herrmann, and Christine Silberhorn— Paderborn Uni-
versity, Integrated Quantum Optics, Institute for Photonic Quantum Systems
(PhoQS), Warburger Str. 100, 33098, Paderborn, Germany
There is an increasing interest in quantum interferometers in metrology as they
can outperform their classical counterparts. Themost prominent quantum inter-
ferometer is a SU(1,1) interferometer, which has a Mach-Zehnder configuration
with the conventional passive beam-splitters replaced by nonlinear parametric
sections. We designed and fabricated a fully integrated SU(1,1) interferometer on
a single LiNbO3 chip. Optical waves are guided in Ti-indiffusedwaveguides. The
parametric sections comprise of periodically poled sections for type II phase-
matched paramentric down-conversion (PDC) in the telecom range. A series
of electrooptic polarization converters (PC) and two electrooptic phase-shifters
allows the manipulation of the phase- and/or polarization state in between the
nonlinear sections. The exact phase-matching of PDC and PC can be adjusted
via temperature tuning in three separate sections of the chip. We report on the
design and the fabrication of the integrated chip as well as on the classical char-
acterization of the individual components forming the circuit. Quantum mea-

surements to study the interferometer performance in phase-sensing as well as
the use of such a device for tailored quantum state preparations are presently in
a planning stage.

Q 38.39 Wed 17:00 KG I Foyer
Optical Coherence Tomography with Undetected Photons Based on an Inte-
grated PDC Source— ∙Franz Roeder, René Pollmann, Michael Stefszky,
Victor Quiring, Raimund Ricken, Christof Eigner, Benjamin Brecht,
and Christine Silberhorn—Paderborn University, Integrated QuantumOp-
tics, Institute for Photonic Quantum Systems (PhoQS), Warburger Str. 100,
33098 Paderborn
Interferometry allows us to perform phase measurements with high precision
to gain information about a system of interest, e.g., in a classical Mach-Zehnder
interferometer. Replacing passive beam splitters of a Mach-Zehnder interferom-
eter with active elements, such as parametric down-conversion (PDC) sources
yields a so-called SU(1,1) interferometer. By operating the SU(1,1) interferome-
ter with two non-degenerate wavelengths, for instance in the mid-IR and visible,
it becomes possible to retrieve the phase properties of an object interacting with
the mid-IR light by measuring only the visible light.
Here, we utilize broadband non-degenerate type-II PDC in dispersion engi-
neered periodically poled lithium niobate waveguides as active elements of such
an interferometer, which brings the benefit of significantly reduced energy con-
sumption for a given signal-to-noise ratio, and demonstrate optical coherence
tomography (OCT) with undetected photons. Furthermore, we investigate the
conditions for an optimized signal-to-noise ratio by compensating for losses in
the interferometer in a differential pumping scheme.

Q 38.40 Wed 17:00 KG I Foyer
Criticality-Enhanced Precision in Phase Thermometry — ∙Mei Yu, H. Chau
Nguyen, and Stefan Nimmrichter—University of Siegen, Siegen, Germany
Temperature estimation of interacting quantum many-body systems is both a
challenging task and topic of interest in quantum metrology, given that criti-
cal behavior at phase transitions can boost the metrological sensitivity. Here
we study non-invasive quantum thermometry of a finite, two-dimensional Ising
spin lattice based on measuring the non-Markovian dephasing dynamics of a
spin probe coupled to the lattice. We demonstrate a strong critical enhancement
of the achievable precision in terms of the quantum Fisher information, which
depends on the coupling range and the interrogation time. Our numerical sim-
ulations are compared to instructive analytic results for the critical scaling of
the sensitivity in the Curie-Weiss model of a fully connected lattice and to the
mean-field description in the thermodynamic limit, both of which fail to de-
scribe the critical spin fluctuations on the lattice the spin probe is sensitive to.
Phase metrology could thus help to investigate the critical behaviour of finite
many-body systems beyond the validity of mean-field models.

Q 38.41 Wed 17:00 KG I Foyer
Hyperpolarization of nuclear spins to mitigate diffusion broadening in
liquid nanoscale NMR with NV centers — ∙Tobias Spohn1, Nicolas
Staudenmaier1, GerhardWolff1, Anjusha Vijayakumar-Sreeja1, Genko
Genov1, Philipp Vetter1, Raúl Gonzalez1, Jochen Scharpf2, Thomas
Unden2, Christoph Findler1,3, Johannes Lang3, Jens Fuhrmann1, Philipp
Neumann2, and Fedor Jelezko1 — 1Institute for Quantum Optics, Ulm Uni-
versity, Albert-Einstein-Allee 11, 89081 Ulm, Germany — 2NVision Imag-
ing Technologies GmbH, Wolfgang-Paul-Straße 2, 89081 Ulm, Germany —
3Diatope GmbH, Buchenweg 23, 88444 Ummendorf, Germany
In liquid nanoscale NMR the amplitude and phase of the acquired signal changes
due to molecular diffusion of the nuclear spins. This causes spectral broadening
of the acquired signal and therefore impedes resolution of chemical shifts and
J-coupling.

Here we present a technique to mitigate diffusion broadening in nanoscale
NMR experiments by the use of hyperpolarization of nuclear spins. We explore
two potential techniques: The para-hydrogen induced polarization (PHIP) tech-
nique and the use of the stabilized radical TEMPO to induce polarization on
hydrogen nuclear spins. The NMR signal is detected by a high density, nanome-
ter thick, shallow NV center ensemble layer and read out with a widefield mi-
croscope setup. The directional polarization of nuclear spins reduces spectral
broadening as diffusion will no longer play a role anymore due to the average
signal remaining the same.

Q 38.42 Wed 17:00 KG I Foyer
Excited state lifetime of NV-centers for magnetometry — ∙Ludwig
Horsthemke1, Jens Pogorzelski1, Lutz Langguth3, Robert Staacke3,
Markus Gregor2, and Peter Glösekötter1 — 1Department of Electrical
Engineering and Computer Science, FH Münster University of Applied Sci-
ences, Stegerwaldstraße 39, Steinfurt, Germany — 2Department of Engineering
Physics, FH Münster University of Applied Sciences, Stegerwaldstraße 39, Ste-
infurt, Germany — 3Quantum Technologies GmbH, Alte Messe 6, Leipzig,
Germany
Magnetic field sensing using nitrogen vacancy centers has attracted a lot of at-
tention in the recent past. Approaches using microwave (MW) excitation realize
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high sensitivities and spatial resolutions. They are however limited in their ap-
plication due to the necessity of MW delivery. In contrast all-optical approaches
simplify the sensor design in a step towards industry application. They can be
implemented using fiber optics to construct a non-magnetic, high insulation re-
sistance probe and can thereby be applied in harsh environments. These designs
still encounter challenges such as movement in the optical fiber or laser intensity
noise, compromising the fluorescence signal. In this study we utilize the fluores-
cence lifetime as a non-intensity quantity for magnetic field sensing. The life-
times show a good correlation with the intensity by a reduction with a contrast
of 8.3% upon application of magnetic fields. The integration of this approach
holds promise for advancing magnetic field sensing capabilities, particularly in
environments where conventional methods face limitations.

Q 38.43 Wed 17:00 KG I Foyer
Progress towards single photon EIT light storage at ZEFOZ conditions in
Pr:YSO — ∙Marcel Hain, Tom Güntzel, and Thomas Halfmann — Non-
linear Optics &QuantumOptics (NLQ), Institute of Applied Physics, TUDarm-
stadt, Germany
Long storage time, large storage efficiency, and large signal-to-noise ratio (SNR)
are crucial properties of optical quantum memories. We present single- and
few-photon storage based on electromagnetically induced transparency (EIT) in
praseodymium-doped yttrium orthosilicate (Pr:YSO). By employing zero first-
order Zeeman shifts (ZEFOZ) and dynamical decoupling based on robust com-
posite pulse sequences we reach storage times on the timescale of seconds. We
apply a specifically designed spectral filter implemented in an additional Pr:YSO
crystal to separate the weak signal pulse from the strong optical control field.
Previously, we reached a SNR=1 for stored weak coherent pulses with 11 pho-
tons at a storage time beyond one second [1].

We present now recent progress towards single photon storage by EIT in
Pr:YSO.We simultaneously prepare two ensembles to increase the optical depth,
thereby enabling higher efficiency. Furthermore, we optimized the optical setup,
among other measures using now an ECDL-based laser system (replacing the
previously applied OPO system), which helps to improve the spectral filter dis-
crimination by almost two orders of magnitude. This pushes the SNR towards
the required regime for single photon storage.

[1] M. Hain, M. Stabel, and T. Halfmann. New J. Phys. 24, 023012 (2022)

Q 38.44 Wed 17:00 KG I Foyer
Optimal valley control in 2D materials with subcycle laser pulses —
∙Arkajyoti Maity, Ulf Saalmann, and Jan-Michael Rost — Max Planck
Institute for the Physics of Complex Systems, Nöthnitzer Straße 38,01187 Dres-
den
Information processing, using the valley degrees of freedom in inversion sym-
metric 2D materials is possible with the help of specifically designed ultrafast
laser pulses. In our work, we theoretically show how linearly polarized terahertz
subcycle laser pulses allow us to obtain a saturation of valley polarization (VP)
in monolayer graphene . We further exploit the matching of the Thz drive time
scales with dephasing rates in the material to get amplitude-controlled valley-
polarized responses, namely residual photocurrents. We also present some re-
sults on pulse-shaping, both in spectral-phase and polarization domain, for effi-
cient VP.

Q 38.45 Wed 17:00 KG I Foyer
Engeneering of tin vacancies in diamond by lattice charging — ∙Vladislav
Bushmakin1,2, Oliver von Berg1, Santo Santonocito1, Sreehari
Jayaram1,2, Rainer Stöhr1, Andrej Denisenko1,2, and JörgWrachtrup1,2
— 1Universität Stuttgart, 3. Physikalisches Institut, Allmandring, 13, 70569,
Stuttgart, Germany — 2Max-Plank-Institut für Festkörperforschung Heisen-
bergstraße 1, 70569 Stuttgart, Germany
Recent advances in integrating spin-bearing solid-state defects in optical cavi-
ties for efficient spin-photon entanglement are mostly associated with silicon va-
cancy in diamond. Meanwhile, the implantation of diamond with heavier group

IV ions promises similar performance but at elevated temperatures above 1 K,
which contrasts with the stringent requirement of approximately 100 mK for
the coherent manipulation of the SiV electron spin. However, the generation of
defects involving heavier atoms, such as tin, is accompanied by a high density
of defects induced by ion implantation. Here we present a method of reduc-
tion of the implantation-induced density of defects by implanting through the
Boron-doped charged lattice with a subsequent etching of the damaged layer.
The given method is an extension of the conventional implantation technique
and hence significantly less experimentally demanding than techniques relying
on CVD overgrowth or HPHT annealing. Additionally, it provides better accu-
racy of implantation and allows for the efficient generation of tin vacancies with
a narrow inhomogeneous zero-phonon line distribution.

Q 38.46 Wed 17:00 KG I Foyer
Spatial search via quantum walk on lattices with long-range hopping —
∙Moritz Linnebacher, Emma King, and Giovanna Morigi — Theoretische
Physik, Universität des Saarlandes, D-66123 Saarbrücken, Germany
Spatial search forms the basis of many noteworthy classical and quantum algo-
rithms. In some settings, quantum spatial search achieves runtimes of O(N)
compared to its classical counterpart with runtimes ofO(N), whereN is the size
of the search space. In our work we implement spatial search via continuous-
time quantum walk on lattices comprising N sites with long-range hopping.
The hopping strength decays as 1/ℓα with inter-site distance ℓ and the exponent
α ∈ [0,∞). We focus on one- and two-dimensional lattices with d = 1, 2, where
a rigorous numeric treatment shows that the search succeeds with high proba-
bility in O(N) runtime for α ≤ d, even in d = 1 spatial dimension. For lattices
with nearest-neighbour interactions, corresponding to α → ∞, the quadratic
speedup over classical spatial search is lost. This highlights the importance of
considering long-range interactions for search in low-dimensional lattices.

Q 38.47 Wed 17:00 KG I Foyer
quantum optimal control for GHZ-class states — ∙yitian wang and chris-
tiane koch— Freie Universität Berlin, Berlin, Germany
We present an optimization functional that targets the entire class of GHZ states.
Optimization has been carried out in trapped Rydberg atoms with varying num-
ber of qubits. Compared with state-state overlap based optimization functional,
our functional can significantly reduce the resource required to produce a ran-
dom GHZ state, thus facilitate protocols based on GHZ-class states.

Q 38.48 Wed 17:00 KG I Foyer
Correlations in two-photon-excited ion chains— ∙Zyad Shehata1,3, Stefan
Richter1,2, Benjamin Zenz4, Maurizio Verde4, Ansgar Schaefer4, Fer-
dinand Schmidt-Kaler4, and Joachim von Zanthier1,3 — 1AG Quantum
Optics and Quantum Information, Friedrich-Alexander-Universität Erlangen-
Nürnberg, Staudtstr. 1, 91058 Erlangen, Germany — 2Photonscore GmbH,
39118 Magdeburg, Germany — 3Erlangen Graduate School in Advanced Opti-
cal Technologies (SAOT), Friedrich-Alexander-Universität Erlangen-Nürnberg,
Paul-Gordan-Straße 6, 91052 Erlangen, Germany — 4QUANTUM, Institut für
Physik, Johannes Gutenberg Universität Mainz, Staudingerweg 7, 55128 Mainz,
Germany
In this work, small crystals of trappedCa-ions are studied using background-free
coherent scattering and two-photon excitation via the D5/2metastable state. The
narrow quadrupole transitions allows for spin selective excitation and thus for
far field imaging of the spin state of the crystals using G(1) function. The visi-
bility of the interference pattern depends on the power and the detuning of the
two lasers at 729 nm and 854 nm employed in the two-photon excitation as well
as on the strength and orientation of the magnetic field that splits the ground
state spin states. To calculate G(1), a full interaction Hamiltonian of the system
including the two laser beams and all transitions involved is solved numerically
for any number of ions, and experimental spatial frequencies of ion crystals are
reconstructed for low exposure times (250 ms - up to 1 s) and detected by an
ultra-fast picosecond-time-resolution camera.

Q 39: Poster V
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Q 39.1 Wed 17:00 Aula Foyer
Simulations of Anti-ResonantWaveguiding InHollowCore Fibers— ∙Lucas
Kirchbach, Andreas Stute, ManfredKottcke, and BerndBraun—Tech-
nische Hochschule Nürnberg Georg Simon Ohm
Standard optical fibers guide light through total internal reflection in high refrac-
tive index material such as glass or polymers surrounded by low index material.
Guiding light in optically dense matter however has some major disadvantages:
Absorption, dispersion and Rayleigh-scattering place a lower bound to attenua-
tion. In this work, a photonic crystal structure based on interference was studied,
where light is guided in air surrounded by optical dense media. An attenuation

of sub 0.1 db/km has been simulated numerically by optimizing the geometry of
the fiber cross section.

Ultra low-loss optical waveguides open up many possibilities for the design
of laser resonators on the one hand and optical interfaces between atoms, quan-
tum dots, NV-centers and light sources and detectors on the other hand. Those
technologies require highly efficient light-coupling that can be directed at will.

193



Quantum Optics and Photonics Division (Q) Wednesday

Q 39.2 Wed 17:00 Aula Foyer
Application of an integrated optical Mach-Zehnder interferometer for chem-
ical sensing— ∙Johannes Schnegas1, KaroBecker2, Alexander Szameit2,
and Udo Kragl1 — 1Universität Rostock, Institut für Chemie, Rostock,
Deutschland — 2Universität Rostock, Institut für Physik, Rostock, Deutschland
Integrated optics offers a great advantage in the field of analytical chemistry to
produce miniaturised optical sensors for the selective detection of analytes. An
interesting sensor application are integrated optical interferometers, such as the
Mach-Zehnder interferometer. This approach has been tested successfully for the
concentration measurement and selective detection of proteins, gases, and DNA
fragments. Real-time detection of small changes in the surrounding refractive
index is possible. Most publications describe integrated optical MZI fabricated
by photolithography, where the optical waveguides are made of silicon nitride or
polymers. These waveguides were placed directly on a support such as silicon.
In this work, an integrated optical MZI made of femtosecond laser-written near-
surface waveguides is tested as a chemical sensor. The concept of near-surface
waveguides as chemical sensor such as oils has already been tested. In this study,
integrated optical Mach-Zehnder interferometers were tested for their ability to
detect different types of analytes, with the intention of using the integrated opti-
cal interferometer for concentration measurement.

Q 39.3 Wed 17:00 Aula Foyer
Ultra high throughput single photon detection — ∙Sebastian Karl1, Ver-
ena Leopold1,2, Stefan Richter1,2, Yury Prokazov2, Evgeny Turbin2,
Gennady Sintotskiy2, Dimitry Orl3, and Joachim von Zanthier1 —
1Quantum Optics and Quantum Information, FAU Erlangen Nürnberg, Ger-
many— 2Photonscore GmbH, Magdeburg, Germany— 3Photonis Netherlands
BV, Roden, Netherlands
Although recently there has been a tremendous push towards detectors with near
unity quantum efficiencies and high timing resolution [1], the dead time of most
single photon detection systems remains on the order of 30 ns. Avoiding un-
wanted pile-up effects this dead time limits the photon detection rate to less than
15 MHz.

We present tests of a novel single photon counting system able to detect sin-
gle photons at rates exceeding 100 MHz on one single point detector. Photon
detection is achieved using a multichannel-plate and a 8 mm diameter Photonis
Hi-QE photocathode, reaching quantum efficiencies above 30%. A custom time
to digital converter (TDC), Photonscore LINTag, is used to digitise the photon
arrival times. It allows the data transfer of event rates exceeding 400 MHz per
TDC via standard 10G ethernet fibre cables. At sustained photon detection rates
of 100 MHz we measure a jitter of < 70 ps FWHM. Using a spinning disk optical
chopper we show reliable single photon detection and timing at instantaneous
rates exceeding 500 MHz.
[1] I. E. Zadeh et al., Appl. Phys Lett. 188, 190502 (2021)

Q 39.4 Wed 17:00 Aula Foyer
Towards spatial correlations of A-type stars in the blue — ∙Verena
Leopold1,2, Sebastian Karl1, Jean-Pierre Rivet3, Stefan Richter1,2, and
Joachim von Zanthier1 — 1Quantum Optics and Quantum Information,
FAU Erlangen, Germany — 2Photonscore GmbH, Magdeburg, Germany —
3Observatoire de la Côte d’Azur, Nice, France
Intensity interferometry is a reemerging astronomical imaging technique, ben-
efiting immensely from the recent improvements in (single) photon detection
instrumentation. Our goal is to perform spatial correlations of A-type stars in
the blue using ultra high-rate single photon detectors. We present a setup for the
C2PU telescope at the Calern observatory, Nice, France, featuring hybrid single
photon counting detectors (HPDs) with which wemeasured successfully tempo-
ral correlations of three different stars - Vega, Altair and Deneb. In all cases the
observed coherence time fits well to both the pre-calculated expectations as well
as the valuemeasured in preceding laboratory tests. The best signal to noise ratio
(SNR)with a value of 10.72 is obtained for Vega for an observation time of 12.1 h.
The setup showed remarkable stability and very efficient coupling of the starlight
to the photo detectors, owed mainly to the large active area of the HPDs. Utiliz-
ing a new class of large area single photon detectors based on multichannel plate
amplification, we estimate that high resolution spatial intensity interferometry
experiments are within reach at 1m diameter class telescopes within one night
of observation time for bright stars.

Q 39.5 Wed 17:00 Aula Foyer
Effects of Pyroelectricity on the Fabrication Yield of Integrated Supercon-
ductingDetectors on LithiumNiobate— ∙JohannaBiendl1, FelixDreher1,
Maximilian Protte1, Jan Philipp Höpker1, Varun B. Verma2, and Tim J.
Bartley1 — 1Institute for Photonic Quantum Systems, Department of Physics,
Paderborn University, Warburger Str. 100, 33098 Paderborn — 2National Insti-
tute of Standards and Technology, CO 80305 Boulder, USA
Reconfigurable photonic quantum systems require a combination of integrated
photon sources, modulators and detectors. The best candidates for the realiza-
tion of on-chip detection are superconducting detectors due to their high effi-
ciency, low dark count rate and good timing accuracy. For the integration of

photonic devices, z-cut lithium niobate has proven as an excellent material be-
cause of its strong second-order nonlinearity and electro-optic effect. However,
the pyroelectric effect causes irreversible damage to integrated superconducting
detectors when cooling them down to cryogenic temperatures due to sudden
discharges of fields generated by pyroelectric charges. This limits detector fabri-
cation yield to less than 5%. To overcome this limitation we investigate different
methods including coatingmaterials, detector dimensions and shorting schemes
to compensate the generated charges without constraining the functionality of
integrated devices and optical waveguides.

Q 39.6 Wed 17:00 Aula Foyer
Spectral purification of spontaneous parametric down-conversion photons
via spatial filtering — ∙Michael Schlosser1, Ria G. Krämer2, Julian
Münzberg1, Daniel Richter2, Stefan Nolte2,3, Gregor Weihs1, and
Robert Keil1 — 1Institut für Experimentalphysik, Universität Innsbruck, Aus-
tria— 2Institute of Applied Physics, AbbeCenter of Photonics, Friedrich Schiller
University Jena, Albert-Einstein-Str. 15, D-07745 Jena, Germany— 3Fraunhofer
Institute for Applied optics and Precision Engineering IOF, Center of Excellence
in Photonics, Albert-Einstein-Str. 7, D-07745 Jena, Germany
The application of photonic quantum technologies on a larger scale typically re-
quires photons from independent sources to be indistinguishable. We report
on a spontaneous parametric down-conversion (SPDC) source, which can si-
multaneously emit two photon pairs with a wavelength of 795nm. The joint
spectral intensity of the pairs is measured via time-of-flight spectroscopy utilis-
ing femtosecond-laser inscribed fiber Bragg gratings as dispersive elements. The
spectral purity extracted from this substantially exceeds themeasuredHong-Ou-
Mandel (HOM) interference visibility of 39(2)%, which suggests the presence of
spatial-spectral correlations in the pump. To counter these, spatial filtering is
investigated. A short single-mode fiber inserted into the pump indeed removes
these correlations, increasing the HOM visibility to 79(15)%. Alternatively, in-
serting a 15μm-diameter pinhole in the Fourier plane of a telescope increases
the indistinguishability to 48(2)%, while providing a steady power transmission.

Q 39.7 Wed 17:00 Aula Foyer
Enhancing atom-photon interaction with integrated nanophotonic res-
onators— ∙XiaoyuCheng1 and Shnirman Benyamin1,2 — 15. Physikalisches
Institut, Universität Stuttgart — 2Institut für Mikroelektronik Stuttgart (IMS-
Chips)
We study hybrid devices consisting of thermal atomic vapor and nanophotonic
structures for manipulating the interaction between atoms and photons.

We exploit cooperative effects to develop a compact, on-demand and highly ef-
ficient single-photon-source using the Rydberg blockade effect. In order to excite
Rb atoms to the Rydberg states efficiently, the corresponding light field is locally
enhanced by ultralow-loss micro-ring resonators. Due to the large spatial extent
of Rydberg atoms, we carefully design the ring resonators to realize sufficient in-
teractions between Rydberg atoms and the evanescent field from the resonator.
In order to create individual photons deterministically, we use the Four-Wave-
Mixing (FWM) process in the Rydberg blockade regime inside a thermal vapor
cell to develop a single-photon-source at room temperature.

To realize this goal, it is necessary to study Rydberg excitation in photonic inte-
grated vapor cells. We excite and detect Rydberg excited Rb atoms with tapered,
freestanding waveguides. Tapered narrow waveguides push out evanescent field
that enables the excitation of Rydberg atoms. A specially designed, electric cir-
cuit patterned vapour cell and a transimpedance amplifier enables electric read
out of single Rydberg excitation.

Q 39.8 Wed 17:00 Aula Foyer
Fabrication of polymer multimode-waveguides with maskless lithography
for quantum sensing applications. — ∙Lena Middel, Tjorven Annika
Husmann, Sreelakshmi Sathyan Kizhekayil, Jonas Homrighausen, and
Markus Gregor—Department of Engineering Physics, University of Applied
Sciences, Muenster
In the world of integrated quantum optics, multimode waveguides usually repre-
sent a niche, as singlemodewaveguides enable on-chip processing of light. As the
production of single mode waveguides is challenging in amounts of time, equip-
ment and cost, our approach is to use multimode waveguides on applications
that do not nessecarily require single mode waveguides. One such applications
is quantum sensing using solid-state defects, such as the NV-center in diamond,
which can be embedded in the waveguide to read out the spin dependent fluores-
cence [1]. Consequently, the aim of our work is the fabrication of dielectric ridge
waveguides for structuring of SU-8. This epoxy-based negative photoresist is an
excellent material with high and broadband optical transmission, high aspect
ratio and good mechanical, thermal and chemical stability. For prototyping, we
use a maskless lithography system, that is equipped with a digital micromirror
device to project the image, leaving room for adjustment of exposed structures.
This work paves the way for a more efficient and scalable production of waveg-
uides for quantum sensing applications without the need for highly sophisticated
equipment.

[1] P. P. Schrinner et al., (2020). Nano Letters, 20(11), 8170-8177.
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Q 39.9 Wed 17:00 Aula Foyer
Higher Order Mode Supercontinuum Generation Through Nano-Printed
Meta-Fiber — ∙Shahrzad Hosseinabadi, Mohammadhossein Khosravi,
Matthias Zeisberger, TorstenWieduwilt, and Markus Schmidt—Leib-
niz IPHT, Jena, Germany
Optical fibers, with their unique light guiding properties, have transformed
modern society. Besides the common fundamental mode, fibers also support
higher-order modes (HOMs), gaining attention for different applications. In
nonlinear frequency conversion research, HOMs play a crucial role, offering ac-
cess to unique dispersion landscapes. This enables applications such as broad-
band supercontinuum generation and exploration of novel nonlinear effects.
However, efficiently exciting or converting HOMs poses a challenge due to the
need for precise matching of modal properties, especially in nonlinear pho-
tonics. Current approaches, like spatial light modulators and waveplates, have
limitations such as being costly, poorly integrated, and require extensive com-
puter control and additional alignment. A promising solution involves dielec-
tric nanostructures, specifically holograms and metasurfaces, offering unprece-
dented beam shaping capabilities with minimal losses. These approaches, based
on well-designed flat elements, successfully modify intensity, phase distribu-
tions, and polarization, opening up possibilities for various applications. Our
study focuses on investigating the potential of efficiently HOMs in nonlinear
optical fibers. By leveraging technology of diffractive lenses, we aim to enhance
the performance of HOMs, by proposing a highly integrated device for nonlinear
photonics applications.

Q 39.10 Wed 17:00 Aula Foyer
Temperature Adaptable Supercontinuum Generation in Liquid-filled Fibers
by Using Particle Swarm Optimization — ∙Johannes Hofmann, Ramona
Scheibinger, and Markus A. Schmidt— Leibniz-Institute of Photonic Tech-
nology, Jena, Germany
Light sources in the IR regime with high spectral density and coherence are of
great interest for e.g. spectroscopic approaches in life and environmental sci-
ence. Supercontinuum (SC) generation due to nonlinear broadening of laser
pulses in optical fibers with suitable dispersion profiles canmeet the requirement
of application specific spectral properties. Liquid-filled fibers offer the oppor-
tunity to modify the output spectra by temperature changes due to their large
thermo-optic coefficient. Higher-order modes excited in CS2-filled step index
fibers exhibit two zero-dispersion wavelengths (ZDW) which strongly shift with
temperature. Pumping within the anomalous dispersion regime, the soliton dy-
namics can be modified and dispersive waves shift. In contrast to other meth-
ods of dispersion variation, such as varying the fiber geometry, controlling the
temperature is not static, but highly variable. In addition, using a suitable op-
timization algorithm, such as Particle Swarm Optimization (PSO) the spectral
output features can be tuned to desired SC properties, e.g., maximizing the spec-
tral intensity at one ormore targetedwavelengths. Here, we investigate and shape
the spectral evolution along a liquid-core fiber by applying a PSO to numerical
SC generation simulations. Additionally, we present a automated experimental
concept to achieve thermodynamic control of the fiber, leading to an adaptable
output spectrum.

Q 39.11 Wed 17:00 Aula Foyer
Higher Order Mode Supercontinuum Generation Through Nano-Printed
Meta-Fiber — ∙Shahrzad Hosseinabadi, Mohammadhossein Khosravi,
Matthias Zeisberger, TorstenWieduwilt, and Markus Schmidt—Leib-
niz Institute of Photonic Technology, Jena, Germany
Optical fibers, with their unique light guiding properties, have transformed
modern society. Besides the common fundamental mode, fibers also support
higher-order modes (HOMs), gaining attention for different applications. In
nonlinear frequency conversion research, HOMs play a crucial role, offering ac-
cess to unique dispersion landscapes. This enables applications such as broad-
band supercontinuum generation and exploration of novel nonlinear effects.
However, efficiently exciting or converting HOMs poses a challenge due to the
need for precise matching of modal properties, especially in nonlinear photon-
ics. Current approaches, like spatial light modulators and waveplates, have lim-
itations such as being costly, poorly integrated, and require extensive computer
control and additional alignment. We explore the use of dielectric nanostruc-
tures specifically holograms and metasurfaces for advanced beam shaping with
minimal losses. Our study specifically investigates the efficient utilization of
HOMs in nonlinear optical fibers. Leveraging diffractive lenses technology, we
aim to enhance HOMs’ performance, proposing a compact integrated device for
nonlinear photonics applications.

Q 39.12 Wed 17:00 Aula Foyer
Towards cryogenically compatible microphotonic quantum interfaces —
∙TuncayUlas1,2,3, Lasse Irrgang1,2,3, and Ralf Riedinger1,2,3 — 1Zentrum
für Optische Quantentechnologien, Universität Hamburg, 22761 Hamburg,
Deutschland — 2The Hamburg Centre for Ultrafast Imaging, 22761 Hamburg,
Germany — 3Institut für Quantenphysik, Universität Hamburg, 22761 Ham-
burg, Deutschland

Quantum technologies are increasingly capturing the interest of researchers.
These technologies rely on quantum physical operations applied to qubits. In
our research group, we develop interfaces between cryogenic ion traps and op-
tical fibers. Specifically, we are working on a cryogenic test station to assess the
compatibility of the interface architectures.

Q 39.13 Wed 17:00 Aula Foyer
Sub-20ps-Jitter synchronisation of remote Time-to-Digital-Converters
(TDC) — ∙Stefan Richter1,2, Verena Leopold1,2, Sebastian karl1, and
Joachim von Zanthier1 — 1Quantum Optics and Quantum Information,
FAU Erlangen Nürnberg, Germany — 2Photonscore GmbH, Brenneckestr. 20,
39118 Magdeburg
With the emergence of various scientific applications of single-photon counting,
such as intensity interferometry or quantum key distribution, measuring pho-
tons with high temporal precision at spatially distributed locations has become
essential. To achieve this goal, signal capture must be executed using distributed
time-to-digital converters (TDCs) that are synchronized to share a common time
base with a constant offset to the TAI time. Ideally, the jitter of the synchroniza-
tion should be on the order of the TDC jitter or lower. In our presentation, we
demonstrate test measurements using a White Rabbit LEN system that employs
PTP over standard telecommunication fibers along with self-developed TDCs.
These tests show a synchronization RMS jitter of less than 20 ps for a link length
of 50m. Although this value is larger than the jitter of the TDCs themselves,
it does not exacerbate the overall jitter of the single photon detection system,
as the MCP-based detectors have an RMS jitter of around 30 ps. Additionally,
we have recorded temporal correlation measurements of single photons using
White Rabbit synchronized TDCs, proving the high accuracy and precision of
this approach for intensity interferometry use cases.

Q 39.14 Wed 17:00 Aula Foyer
Sensitivity optimization of diamond infrared-absorption based magnetom-
etry — ∙Anil Palaci1, Julian M. Bopp1,2, Jonas Wollenberg1, Felipe
Perona2, and Tim Schröder1,2 — 1Department of Physics, Humboldt-
Universität zu Berlin, 12489 Berlin, Germany — 2Ferdinand-Braun-Institut
gGmbH, Leibniz-Institut für Höchstfrequenztechnik, 12489 Berlin, Germany
Negatively charged nitrogen vacancy (NV) color centers in diamond serve as ex-
cellent sensors for magnetic fields, electric fields, and temperature. By utilizing
their spin-state dependent photoluminescence or absorption, NV centers enable
the precisemeasurement of various physical and biological signatures under am-
bient conditions.

In this work, we exploit the NV center’s infrared (IR) 1E ↔ 1A1 transition for
absorption-based magnetometry. Using a 1042 nm laser to probe the IR transi-
tion allows for magnetic field-dependent absorption. The high saturation inten-
sity of the IR transition enables the use of high-intensity probe light, improving
sensitivity limited by shot noise. However, due to the IR transition’s low absorp-
tion cross-section, the implementation of a lock-in amplifier becomes necessary.
To further enhance sensitivity, we optimize experimental parameters and set-
tings of the lock-in amplifier. With the achieved sensitivity improvement, in-
tegration into highly sensitive compact systems becomes feasible without bulky
optical setups.

Q 39.15 Wed 17:00 Aula Foyer
Microcontroller-optimized measurement electronics for NV-centers —
∙Dennis Stiegekötter1, Jens Pogorzelski1, Ludwig Horsthemke1,
MarkusGregor2, and PeterGlösekötter1 — 1Department of Electrical En-
gineering and Computer Science, FH Münster University of Applied Sciences,
Stegerwaldstraße 39, 48565 Steinfurt, Germany — 2Department of Engineering
Physics, FHMünster University of Applied Sciences, Stegerwaldstraße 39, 48565
Steinfurt, Germany
The integration and miniaturization of magnetic sensors based on diamonds
with nitrogen vacancy centers is largely focused on the sensor tip. This means
that the underlying electronics for excitation and readout of the spin states still
offers great potential for further innovations. In this work the electronics adjust
the power of the microwave. This makes it possible to tune the Rabi oscillation
so that the time for a pi pulse is adapted to themicrocontroller’s limited temporal
pulse resolution of Tp,min = 53.3 ns. This allows coherent control to be achieved
even with a simple microcontroller. For this purpose, laboratory devices such as
lock-in amplifier, photodetector andmicrowave source are broken down to their
relevant functions and integrated on a (82 x 167) mm2 PCB with a STM32G491.
Only two Rabi oscillations at different microwave powers need to be recorded
in order to extract the Rabi frequency using the fast fourier transformation and
calibrate the system. This allows the time of a pi pulse to be synchronized to the
pulse length of the microcontroller.

Q 39.16 Wed 17:00 Aula Foyer
Diamond-based quantum sensing for neurosurgery— ∙Wickenbrock Arne
— Johannes Gutenberg University Mainz, Germany
The DIAQNOS (Diamond-based quantum sensing for neurosurgery) project
aims to develop a novel Quantum-Neuro Analyzer (QNA) to provide continuous
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and crucial information for tumor detection and functional diagnostics during
neurosurgical procedures. The project utilizes diamond-based quantum sensors
for preclinical studies on living human brain tissue. The goal is to implement a
clinically deployable DIAQNOS-QNA, an imaging, magnetically sensitive quan-

tum endoscope at the end of a multimodal light guide. This technology is in-
tended to enhance the safety, precision, and efficiency of neurosurgical cancer
therapy.

Q 40: Precision Spectroscopy of Atoms and Ions III (joint session A/Q)
Time: Thursday 11:00–13:00 Location: HS 1010
See A 27 for details of this session.

Q 41: Ultra-cold Atoms, Ions and BEC II (joint session A/Q)
Time: Thursday 11:00–13:00 Location: HS 1098
See A 28 for details of this session.

Q 42: Long-range Interactions
Time: Thursday 11:00–13:00 Location: HS 1015

Invited Talk Q 42.1 Thu 11:00 HS 1015
Theory of robust quantum many-body scars in long-range interacting sys-
tems— ∙Silvia Pappalardi— 77, Zulpicher Strasse, D-50937 Cologne
Quantummany-body scars are exceptional energy eigenstates of quantummany-
body systems associated with violations of thermalization for special non-
equilibrium initial states. Their various systematic constructions require fine-
tuning of local Hamiltonian parameters. In this talk, I will show that the setting
of long-range interacting quantum spin systems generically hosts robust quan-
tummany-body scars. I will discuss that this is the combined effect of two ingre-
dients: the integrability of the classical collective limit and the sufficiently strong
long-range of the interactions. Broader perspectives of this work range from
independent applications of the technical toolbox developed here to informing
experimental routes to metrologically useful multipartite entanglement.

Q 42.2 Thu 11:30 HS 1015
Neural Network Quantum States for the Hofstadter Model with Higher Lo-
cal Occupations and Long-Range Interactions — ∙Fabian Döschl1,2, Felix
Palm1,2, Hannah Lange1,2,3, Fabian Grusdt1,2, and Annabelle Bohrdt2,4
— 1Ludwig-Maximilians-University Munich — 2Munich Center for Quan-
tum Science and Technology — 3Max-Planck-Institute for Quantum Optics —
4University of Regensburg
Neural network quantum states (NQS) have gained significant interest in current
research due to their immense representative power. In this study, we show that
RNN wave functions can be employed to study systems relevant to current re-
search in quantum many body physics. Specifically, we employ a 2D tensorized
gated RNN to explore the Hofstadter Hamiltonian with a variable local Hilbert
space cut off. We benchmark the NQS against exact diagonalization for the Hof-
stadter Hamiltonian with on site interactions on a 6 × 6 square lattice. Remark-
ably, thismethod is capable of effectively identifying and representing the ground
state. A further benchmark against DMRG for 12×12 systems will reveal phases
that are hard to simulate with the RNN-NQS ansatz. Moreover, we demonstrate
that NQSs are capable of capturing interactions over large distances, a task that
is far from being solved by current methods. This technique is applied to a Hof-
stadter Hamiltonian with long-range interactions on a 12 × 12 square lattice.
This work aims to enhance our understanding of representing strongly corre-
lated quantum systems with NQS.

Q 42.3 Thu 11:45 HS 1015
Cavity induced quantumdroplets— ∙LeonMixa1, MilanRadonjić1,2, Axel
Pelster3, andMichaelThorwart1 — 1I. Institute ofTheoretical Physics, Uni-
versität Hamburg, Germany — 2Institute of Physics Belgrade, University of Bel-
grade, Serbia — 3Physics Department and Research Center OPTIMAS, Univer-
sity Kaiserslautern-Landau, Germany
Quantum droplets are formed in an interacting atom gas when quantum fluctu-
ations stabilize the gas mechanically which would otherwise be unstable. Sub-
jecting a condensate to interaction with a cavity is known to strongly couple the
atomic and cavity fluctuations, creating long-range interactions and roton-like
modes. We study the formation of quantum droplets in a three-dimensional
homogeneous Bose-Bose mixture placed in an optical cavity. The internal tran-
sitions of the atoms are off-resonantly pumped by a beam transversal to the cav-
ity axis. We find that cavity fluctuations influence droplet properties, such that
changing the cavity parameters can be used for droplet tuning. Furthermore,
cavity fluctuations can create necessary conditions for droplet formation even in
the stable mean-field region of the bare mixture.

Q 42.4 Thu 12:00 HS 1015
Bragg Spectroscopy of a Dynamic Instability where two soft modes meet.
— Alexander Baumgaertner, Gabriele Natale, ∙Justyna Stefaniak, Si-
mon Hertlein, David Baur, Dalila Rivero, Tobias Donner, and Tilman
Esslinger— ETH Zurich, Switzerland
The excitation spectrum of openmany-body systems can give rise to various fea-
tures e.g. dynamical instabilities and exceptional points. In our experiment, con-
sisting of a Bose-Einstein condensate (BEC) coupled to a cavity mode, we realize
two different superradiant crystals and perform Bragg spectroscopy to measure
the excitation spectrum. Long-range interactions in quantum gases can give rise
to an excitation spectrumwith a roton-typeminimum in the dispersion relation.
In our case, we associate a roton-like mode with each of the superradiant crys-
tals. By changing interaction strength, we observe how the excitation energies,
the strength of the density-density correlations and the roton momentum are
modified prior to the formation of one of the crystal phases. Dissipation intro-
duces coupling between these twomodes and can lead to an amplification of one
and a dampening of the other mode. Additionally tuning the strength of the in-
teractions, we found a regime, where two roton-type modes respond at the same
energy. In this regime, the presence of dissipation introduces a coupling between
these two models and finally leads to a dynamic instability of the system.

Q 42.5 Thu 12:15 HS 1015
Re-entrant phase transition inmany-bodyCavityQED— ∙Tom Schmit1, To-
bias Donner2, and Giovanna Morigi1 — 1Theoretische Physik, Universität
des Saarlandes, 66123 Saarbrücken, Germany — 2Institute for Quantum Elec-
tronics, Eidgenössische Technische Hochschule Zürich, Otto-Stern-Weg 1, 8093
Zürich, Switzerland
We analyse theoretically self-organization of atoms that couple dispersively to
an optical cavity and are subject to a transverse pump, in a configuration experi-
mentally studied[1]. The transverse pump laser is blue-detuned w.r.t. the atomic
transition, confining the atoms in the intensity minima of the generated opti-
cal lattice. The competition of pump and cavity field leads to self-organization of
the atoms in an ordered pattern, giving rise to a re-entrant phase transition, such
that by increasing the pump intensity above a critical value, one first observes a
transition from disorder to self-organized and then, at larger values, again back
to a disordered phase. Our theoretical model, founded on a mean-field ansatz,
provides a description of the stationary state’s phase diagram in relation to pump
intensity and detuning from the cavity frequency, aligning well with experimen-
tal observations[1]. We show that stability of the ordered pattern is warranted
when the scattered light interferes destructively with the pump at the atomic po-
sitions, effectively keeping the atoms in darkness. We discuss the connection
between this phenomenon and inverse melting, observed in (classical) systems
with repulsive and competing long-range interactions.

[1] P. Zupancic et al., Phys. Rev. Lett. 123, 233601 (2019).

Q 42.6 Thu 12:30 HS 1015
Commensurate-incommensurate transition in frustrated Wigner crystals—
∙Raphaël Menu1, Jorge Yago Malo2, Vladan Vuletić3, Maria Luisa
Chiofalo2, and Giovanna Morigi1 — 1Universität des Saarlandes, Saar-
brücken, Germany — 2Universita di Pisa, Pisa, Italy — 3Massachusetts Institute
of Technology, Cambridge, USA
Geometric frustration in systems with long-range interactions is a largely unex-
plored phenomenon. In this work we analyse the ground state emerging from
the competition between a periodic potential and a Wigner crystal in one di-
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mension, consisting of a selforganized chain of particles with the same charge.
This system is a paradigmatic realization of the Frenkel-Kontorova model with
Coulomb interactions. We derive the action of a Coulomb soliton in the contin-
uum limit and demonstrate the mapping to a massive (1+1) Thirring model with
long-range interactions. The mean-field limit is a long-range antiferromagnetic
spin chain with uniformmagnetic field and predicts that the commensurate, pe-
riodic structures form a complete devil’s staircase as a function of the charge
density. Each step of the staircase correspond to the interval of stability of a sta-
ble commensurate phase and scales with the number N of charges as 1/ln N. This
implies that there is no commensurate-incommensurate phase transition in the
thermodynamic limit. For finite systems, however, the ground state has a fractal
structure that could be measured in experiments with laser-cooled ions in traps.

Q 42.7 Thu 12:45 HS 1015
Ab initio simulation of dipolar Bose gases with the complex Langevin al-
gorithm — ∙Philipp Heinen1, Wyatt Kirkby1,2, Lauriane Chomaz2, and
Thomas Gasenzer1 — 1Kirchhoff-Institut für Physik, Universität Heidelberg
— 2Physikalisches Institut, Universität Heidelberg

Bose-Einstein condensates (BECs) of atoms with a strong magnetic moment in
their ground state, e.g. Erbium or Dysprosium, feature long-range dipolar in-
teractions. These give rise to several peculiar phenomena that are absent from
purely contact interacting Bose gases, notably rotonic excitations, supersolidity
and quantum droplets. What makes them interesting from the theoretical point
of view is that mean-field descriptions based on the Gross-Pitaevskii equation
(GPE) fail to predict such states of matter and the effect of quantum fluctuations
must be included. This can be done by adding an additional term to the GPE
based on the perturbative Lee-Huang-Yang (LHY) correction or by performing
ab initio path integral Monte Carlo (PIMC) simulations. The latter are, how-
ever, limited to several hundred atoms due to the high computational cost of the
method, far below experimentally realistic particle numbers. An alternative is
the equally fully exact complex Langevin (CL) algorithm whose computational
cost is independent of the particle number and is thus suitable for simulating
actual experimental settings from first principles. We will present the results of
such simulations on both sides of the superfluid-supersolid transition of a dipo-
lar BEC.

Q 43: Color Centers III
Time: Thursday 11:00–13:00 Location: Aula

Q 43.1 Thu 11:00 Aula
Long-lived quantum network memories using spin qubits in isotopically
engineered diamond — ∙Kai-Niklas Schymik1, Benjamin van Ommen1,
Conor Bradley2, Takashi Yamamoto1, and Tim Hugo Taminiau1 —
1QuTech an Kavli Institute of Nanoscience Delft, Delft University of Technology,
2628 CJ Delft, The Netherlands — 2Pritzker School of Molecular Engineering,
University of Chicago, Chicago, IL 60637, USA
Optically active spin qubits in solid-state materials, such as the NV center in di-
amond, are a promising platform for quantum computation distributed over a
network. To increase the size and circuit depth of such a quantum network, e.g.
beyond the state-of-the-art of three nodes, long-lived quantummemories in each
node are desired. Recent work has identified Carbon-13 spin qubits in isotopi-
cally purified diamond as a promising candidate. In this work, we demonstrate
control over isotope concentration in (111) CVD-grown diamond. At the tar-
geted concentration of 0.05%, we show that memory qubits with kHz couplings
can be addressed and measure long coherence times of the spin qubits. With
a memory decoherence rate lower than possible entanglement rates between re-
moteNV centers, these devices show promise for distributed computations using
more than one entangled Bell pair.

Q 43.2 Thu 11:15 Aula
Photonic multipartite entangled state generation with group-IV color cen-
ters — ∙Gregor Pieplow1, Yannick Strocka1, Mariano I. Monsalve2,
Joseph H. D. Munns3, and Tim Schröder1 — 1Humboldt-Universität zu
Berlin, 12489 Berlin, Germany — 2University of Innsbruck, 6020 Innsbruck,
Austria — 3PsiQuantum, 94304 California Palo Alto, USA
In this work, we analyze the generation of large entangled photonic states, specif-
ically multiphoton Greenberger-Horne-Zeilinger (GHZ) states and cluster states
(CS) using group-IV color centers. These states are an essential resource in
photonic quantum information applications, for example inmeasurement-based
quantum computing and one-way quantum repeaters. Our research aims at pro-
viding a comprehensive analysis of the coherent control operations that are re-
quired for the creation of these resource states. The fidelity of these operations is
critical; any compromise leads to a rapid degradation in the quality of the state.
In particular, our work focuses on an optical Raman control scheme and mi-
crowave control. Both types of control operations enable single and two-qubit
gates, which are crucial for the deterministic generation of resource states. Ad-
ditionally, the study introduces a novel quality measure, which highlights the
significance of fast, high-fidelity control techniques.

Q 43.3 Thu 11:30 Aula
Investigation of microwave spin control of unstrained negatively charged
group-IV color centers in diamond — ∙Mohamed Belhassen1, Gregor
Pieplow1, and Tim Schröder1,2 — 1Humboldt-Universität zu Berlin, Berlin,
Germany — 2Ferdinand-Braun-Institut, Berlin, Germany
Microwave control is a standard technique for manipulating the electronic spin
of diamond color centers owing to its advantages when implementing complex
control sequences. For microwave control, a dc magnetic field is used to lift the
spin degeneracy. An acmicrowave pulse drives the system. Aligning the dc field
parallel to the color center’s symmetry axis and the ac field perpendicular to it
has been commonly used in previous works. This configuration, although work-
ing well for the light color centers, has been shown to require high strain or large
microwave powers for heavier ions, such as the tin- and lead-vacancy center. In
addition to providing the theoretical framework to explain the requirement of

strain for heavy defects in the above field configuration, we study the depen-
dence of the Rabi frequency on the dc and ac fields orientations and strain. We
provide analytical expressions and exact numerical simulations of the impact of
strain and field orientations on microwave control. We find that strain can be
rendered obsolete, while simultaneously producing higher Rabi frequencies for
an alternative setup, where the dc field is aligned perpendicular to the color cen-
ter symmetry axis and the ac field is aligned parallel to it. We show that this con-
figuration is also efficient for the spin’s optical initialization, readout and analyse
resulting gate fidelities.

Q 43.4 Thu 11:45 Aula
Optically Detected Magnetic Resonance in Microdiamonds Embedded in
Polymer Waveguides — ∙Marina Peters1,2, Jonas Homrighausen1, Tim
Buskasper2, Shqiprim Adrian Abazi2, Daniel Wendland2, Carsten
Schuck2, and Markus Gregor1 — 1Department of Engineering Physics, FH
Münster University of Applied Sciences, Germany— 2Department for Quantum
Technology, University of Münster, Germany
Nitrogen vacancy centers in diamond hold great potential for quantum sensing
applications. The challenge of integration can be addressed by using integrated
photonics based on modern nanofabrication techniques. Here, we present op-
tically detected magnetic resonance measurements from deterministically em-
bedded microdiamonds with NV centers in polymer waveguides on silicon sub-
strates. In combination with electrically conductive microstructures for mi-
crowave supply, this method of optical access provides the basis for scaling up to
highly integrated on-chip sensors with excellent spatial magnetic resolution and
sensitivity.

Q 43.5 Thu 12:00 Aula
Microscale NMR of hyperpolarized nuclei with NV centers in diamond —
Luca Troise1, ∙Nicolas Staudenmaier2, Christoph Findler2,3, Kirstine
Berg-Sørensen1, Fedor Jelezko2, and Jan Henrik Ardenkjaer-Larsen1

— 1Department of Health Technology, Technical University of Denmark, 2800,
Kongens Lyngby, Denmark — 2Institute of Quantum Optics, Ulm University,
Albert-Einstein-Allee 11, 89081 Ulm, Germany— 3Diatope GmbH, Buchenweg
23, 88444 Ummendorf, Germany
We present a groundbreaking approach that combines nitrogen-vacancy (NV)
center ensemble based quantum sensing with dynamic nuclear polarization to
perform nuclear magnetic resonance (NMR) spectroscopy of picoliter samples.
Traditional NMR spectroscopy suffers from poor sensitivity and requires larger
sample volumes, typically in the milliliter range. However, the introduction of
NV centers in diamond for NMR spectroscopy has revolutionized the field, en-
abling the analysis of unprecedented sample volumes. In our study, we utilize
the dissolution dynamic nuclear polarization (dDNP) technique to hyperpolar-
ize carbon nuclei, thereby overcoming previous sensitivity limitations and pro-
viding a pathway to high-resolution spectroscopy on molecules in dilute solu-
tions. By integrating dDNP into NV-based NMR spectrometers, we not only
promise to extend the capabilities of mass-limited NMR spectroscopy but also
open up new avenues for research at the picoliter scale, including drug discovery,
catalysis research, and single-cell studies.
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Q 43.6 Thu 12:15 Aula
Laser noise compensation to enable high fidelity spin-photon gates— ∙Mara
Brinkmann1, Lennart Manthey1, Donika Imeri1,2, Rikhav Shah1, Timo
Eikelmann1, Konstantin Beck1, and Ralf Riedinger1,2 — 1Zentrum für
Optische Quantentechnologien, Universität Hamburg, 22761 Hamburg, Ger-
many— 2TheHamburgCentre forUltrafast Imaging, 22761Hamburg, Germany
Current research areas in quantum communication entail quantum networks,
consisting of optically connected nodes, which can efficiently distribute entan-
glement. We use silicon-vacancy (SiV) color centers in diamond, which show
great potential for optically coupled quantum processors. To address the probes
at millikelvin temperature and achieve high fidelities for spin-photon quantum
gates, we rely on pulsed weak laser light. Sideband-noise, such as relaxation os-
cillations, can result in off-resonant scattering, reducing the gate fidelity. Here
we present our approach to optimize the temporal and spectral properties of the
laser light, employing mode cleaner cavities. The spin-photon gates can subse-
quently be used to create high-fidelity entanglement between remote quantum
processors.

Q 43.7 Thu 12:30 Aula
Optimization of nuclear spin control with germanium vacancy centre in dia-
mond at mK temperatures — ∙Nick Grimm, Katharina Senkalla, Philipp
Vetter, and Fedor Jelezko— Institute for Quantum Optics, Ulm University
Long-distance quantum communication requires a platformwhich allows to col-
lect, store and process quantum information. Promising candidates for such
quantum nodes are the negatively charged group-IV defects in diamond as they
provide an efficient spin-photon interface with high photon flux, long coherence
times and high-fidelity single qubit gates. Moreover, addressing of proximal nu-
clear spins can be used for computational purposes or act as memory qubits.
Here we demonstrate for the first time the coherent control of a hybrid register
of a negatively charged germanium vacancy centre (GeV) electron spin and a

strongly coupled single 13C nuclear spin with excellent coherence properties at
mK temperatures. We show initialisation and readout of the nuclear spin using
a SWAP gate with the optically addressable GeV electron spin. Applying opti-
mized microwave and radiofrequency pulses on the electron and nuclear spin,
respectively, allows to reach increased fidelities. The realization of this fully con-
trolled two-qubit register is laying the groundwork for the implementation of
quantum repeaters.

Q 43.8 Thu 12:45 Aula
Spin-phonon entanglement in SiC optomechanical quantum oscillators —
∙Ruoming Peng1, Xuntao Wu2, Durga Dasari1, and Joerg Wrachtrup1
— 13. Physikalisches Institut, University of Stuttgart, 70569 Stuttgart, Germany
— 2Pritzker School of Molecular Engineering, University of Chicago, Chicago
IL 60637, USA
Scaling up quantum systems, especially solid-state spins, presents a significant
challenge in the field of quantum information science. In this study, we pro-
pose a hybrid spin-phonon architecture based on spin-embedded optomechan-
ical crystal (OMC) cavities. This architecture combines integrated photonic and
phononic accesses, allowing for the entanglement of multiple spins. Remarkably,
this hybrid spin-optomechanical system can offer a coupling of the spin to the
vibration mode of simulated Silicon Carbide OMC cavities approaching MHz in
a Raman-facilitated mechanism, enabling a fast and efficient spin-phonon en-
tanglement with fidelity of 98%. By incorporating the Stimulated Raman Adia-
batic Passage (STIRAP) protocol into the coupled tripod-phonon system, a two-
qubit Controlled-Z gate with 97% fidelity is implemented by engineering the
non-vanishing geometry phase in a strongly coupled spin-phonon dark state ba-
sis, which is robust against the dominant loss from the excited state and allow
for full connection of spins through the cavity phonon. Our work establishes
a crucial platform for exploring the spin entanglement with potential scalabil-
ity in addition to the optical link, which opens the path to investigate quantum
acoustics in hybrid solid-state systems

Q 44: Quantum Information II
Time: Thursday 11:00–13:00 Location: HS 1199

Q 44.1 Thu 11:00 HS 1199
A fine structure qubit encoded in metastable strontium trapped in an opti-
cal lattice — ∙Sebastian Pucher1,2, Valentin Klüsener1,2, Jan Geiger1,2,
Felix Spriestersbach1,2, Immanuel Bloch1,2,3, and Sebastian Blatt1,2,3
— 1Max-Planck-Institut für Quantenoptik, Hans-Kopfermann-Straße 1, 85748
Garching, Germany — 2Munich Center for Quantum Science and Technol-
ogy, 80799 München, Germany — 3Fakultät für Physik, Ludwig-Maximilians-
Universität München, 80799 München, Germany
The development of scalable, high-fidelity qubits is a key ongoing research chal-
lenge in quantum information science, with neutral atoms trapped in optical
lattices being a promising candidate. Here, we present spectroscopy of a new Ra-
man qubit using long-lived metastable states in Sr. This architecture enables fast
single- and two-qubit gates. We coherently transfer the atoms from the ground
state to the metastable 3P2 state and couple this state to the 3P0 state using a
two-photon Raman transition. We demonstrate high-fidelity Rabi oscillations
of atoms trapped in an optical lattice and study the coherence times in our sys-
tem. This work establishes metastable Sr as a promising candidate for realizing
quantum computing.

Q 44.2 Thu 11:15 HS 1199
Optimization of Optical Spin Gates for negatively charged Group-IV Colour
Centers in Diamond — ∙Yannick Strocka, Gregor Pieplow, and Tim
Schröder — Humboldt-Universität zu Berlin, Department of Physics, Berlin,
Germany
The control of the spin of negatively charged Group-IV colour cen- ters in di-
amond plays an important role in various applications such as quantum com-
puters and quantum repeaters. These applications re- quire high fidelity control
of the spin qubit, which is formed by the two lowest lying energy eigenstates of
the system. Typically a microwave control is used to manipulate the qubit. In
this work, however, we theoretically study the control using optical means. The
optical con- trol is composed of two laser pulses, whose frequencies are detuned
from the transition between the lowest lying ground and excited state. This way
a, so called, Raman spin gate is created. Optical pulses have the advantage that
they allow the control over a much larger range of splittings. Under idealized
assumptions perfect gates are in theory possible. The details of the color centers,
however, are such that fast phononic decay greatly impacts the gate fidelity: Spu-
rious population in the highest lying states, reduce the fidelity of the Raman spin
gates due to spontaneous phononic relaxation. In order to counteract that deco-
herence effect any population in the levels affected must be mini- mized. In this
work we combine gradient-free optimization such as theNelder-Mead algorithm
and gradient-based methods like Grape and Krotov to achieve this goal

Q 44.3 Thu 11:30 HS 1199
Enhancing the purity of single photons in parametric down- conversion
through simultaneous pump-beam and crystal- domain engineering —
∙Baghdasar Baghdasaryan1,2, Fabian Steinlechner1,2,4, and Stephan
Fritzsche1,3,5 — 1FSU Jena — 2IAP Jena — 3HI Jena — 4Fraunhofer IOF, Jena
— 5TPI, Jena
Spontaneous parametric down-conversion (SPDC) has shown great promise in
the generation of pure and indistinguishable single photons. Photon pairs pro-
duced in bulk crystals are highly correlated in terms of transverse space and fre-
quency. These correlations limit the indistinguishability of photons and result
in inefficient photon sources. Domain-engineered crystals with a Gaussian non-
linear response have been explored to minimize spectral correlations. Here, we
study the impact of such domain engineering on spatial correlations of generated
photons. We show that crystals with a Gaussian nonlinear response reduce the
spatial correlations between photons. However, the Gaussian nonlinear response
is not sufficient to fully eliminate the spatial correlations. Therefore, the devel-
opment of a comprehensive method to minimize these correlations remains an
open challenge. Our solution to this problem involves simultaneous engineering
of the pump beam and crystal. We achieve purity of single-photon state up to 99
% without any spatial filtering. Our findings provide valuable insights into the
spatial waveform generated in structured SPDC crystals, with implications for
applications such as boson sampling.

Q 44.4 Thu 11:45 HS 1199
Phase compensation for free space continuous variable quantum key dis-
tribution using unscented Kalman filter — ∙Wenjia Elser1,2, Stefan
Richter1,2, and Christoph Marquardt1,2 — 1Max Planck Institute for
the Science of Light, Erlangen, Germany — 2Friedrich Alexander University
Erlangen-Nürnberg, Germany
Continuous variable quantumkey distribution (CV-QKD) is typically conducted
in a very low signal to noise ratio (SNR) regime associated with the quantum sig-
nal. As a result, the tracking and compensation of laser phase noise is critical to
reducing excess noise in the signal. This work concerns the phase compensation
of our experiment data over an urban free-space CV-QKD link. Implementing
time-division multiplexed reference pulses to provide a sufficiently high SNR
reference for laser phase tracking, we apply an unscented Kalman filter (UKF)
on the phase estimation and investigate its effect on the quantum signal excess
noise.
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Q 44.5 Thu 12:00 HS 1199
Detection of spin order from collective photon scattering — ∙Benjamin
Zenz1, Ansgar Schaefer1, Maurizio Verde1, Zyad Shehata2, Stefan
Richter2, Joachim Von Zanthier2, and Ferdinand Schmidt-Kaler1 —
1QUANTUM, Institut für Physik, Mainz, Germany — 2Institut für Physik, Er-
langen, Germany
Ion traps are ideal candidate platforms for quantum simulators of interacting
spin systems by encoding the effective spins within the internal energy levels
of the ions. This talk presents a way to efficiently read out the spin order of an
40Ca+ ion crystal in a segmented Paul trap by detecting collective, coherent pho-
ton scattering in the far-field. In the past, we employed far-field photon detection
to reveal the ion’s position [1]. Now, we utilize a two-photon process involving
a narrow quadrupole transition near 729 nm and a dipole transition near 854
nm to achieve background-free detection of 393 nm photons. Additionally, this
scheme enables a spin-selective detection, such that we can determine the spin
order of an ion crystal and investigate it’s temporal evolution. Our experimental
results are obtained with linear crystals of 3,4 and more ions and fit the theory
expectations.
[1] S. Wolf, J. Wechs, J. von Zanthier, and F. Schmidt-Kaler Phys. Rev. Lett. 116,
183002 (2016)

Q 44.6 Thu 12:15 HS 1199
Determination of free-electron density matrices using heterodyne detection
and maximum likelihood estimation — ∙Hao Jeng1,2, Jan-Wilke Henke1,2,
and Claus Ropers1,2 — 1Max Planck Institute for Multidisciplinary Sciences,
D-37077 Göttingen, Germany — 2University of Göttingen, D-37077 Göttingen,
Germany
Free electrons interacting with light are known to scatter into superpositions of
momentum states [1], but existing methods to determine these density matrices
are limited in accuracy [2]. We have developed a reconstruction algorithm based
on maximum likelihood estimation that circumvents these issues, and we have
used this method to verify the formation of attosecond electron pulses. We have
also developed an analogue of optical heterodyne detection for free electrons,
which we use to examine the quantum states produced from interactions with
light in a waveguide. These techniques greatly simplify the measurement and re-
construction of free-electron states, opening up new routes of investigation into
the quantum interaction between free electrons and light.

[1] Feist et al., Nature 521, 200 (2015).
[2] Priebe et al., Nature Photonics 11, 793 (2017).

Q 44.7 Thu 12:30 HS 1199
Free-electron cavity-photon interaction via integrated photonics —
∙Germaine Arend1,2, Yujia Yang3,4, Armin Feist1,2, Guanhao Huang3,4,
Jan-Wilke Henke1,2, Arslan Sajid Raja3,4, F. Jasmin Kappert1,2, Rui Ning
Wang3,4, Hugo Lourenco-Martins1,2, Junqiu Liu3,4, Ofer Kfir1,2, Tobias
J. Kippenberg3,4, and Claus Ropers1,2 — 1Max Planck Institute for Multidis-
ciplinary Sciences, D-37077 Göttingen, Germany— 2Georg-August-Universität
Göttingen, D-37077 Göttingen, Germany— 3Swiss Federal Institute of Technol-
ogy Lausanne (EPFL), CH-1015 Lausanne, Switzerland— 4Center for Quantum
Science and Engineering, EPFL, Lausanne, Switzerland
Quantum communication largely relies on the generation of photon pairs as well
as their interactions with different quantum systems. Coupling of single pho-
tons with free electrons, a potential candidate, has been hampered due to lim-
ited control over the optical states and the lack of coincidence detection capa-
bilities. Here, we generate electron-photon pairs by inelastic scattering of free
electrons with the evanescent optical field of a Si3N4 resonator and detect the
generated photons, as well as the corresponding electron energy loss. The tem-
poral correlation of both particles demonstrates a distinct peak of coincidence
events, highlighting their common origin [1]. The connection between energy
loss and photon number enables post-selection onto single, or even n-photon
states. This setup enables the exploration of new experimental concepts in free-
electron quantum optics. [1] A. Feist, G. Arend et al., Science 377, 777 (2022)

Q 44.8 Thu 12:45 HS 1199
Mesoscopic quantum dynamic in X-ray waveguides — ∙Petar Andrejic1,
Leon Lohse2,3, and Adriana Palffy4 — 1Friedrich-Alexander-Universität
Erlangen-Nürnberg — 2Deutsches Elektronen-Synchrotron — 3Georg-August-
Universität Göttingen — 4Julius-Maximilians-Universität Würzburg
Grazing incidence X-ray waveguides have become a well established platform for
X-ray quantumoptics. In these systems, X-rays are scattered resonantly byMöss-
bauer transitions in atomic nuclei, leading to a collective interaction between the
indistinguishable nuclei and the waveguide field.

We show that driving such X-ray waveguides at forward incidence allows for
direct excitation of multiple guided modes, with centimetre scale attenuation
lengths [1]. In this regime, the embedded Mössbauer nuclei absorb and emit
collectively into a super-position of these modes, with the resultant radiation
field displaying pronounced interference beats on a micrometre scale. We show
that this interference pattern leads to sub-radiance of the nuclear ensemble, with
suppression of the dynamical beat at certain critical waveguide lengths. We also
consider structuring the nuclear ensemble into micrometre scaled patches, and
show that it is feasible to engineer the resultant inter-nuclear coupling to create
mesoscopic and hopping models [2], with potential for applications in quantum
simulation and experimental exploration of mesoscopic quantum dynamics and
topological physics.

[1] https://doi.org/10.1364/opticaopen.24028686.v2
[2] https://doi.org/10.48550/arXiv.2305.11647

Q 45: Quantum Metrology for Fundamental Physics
Time: Thursday 11:00–13:00 Location: HS 1221

Invited Talk Q 45.1 Thu 11:00 HS 1221
Quantum Sensing in Space for Fundamental Physics and Applications —
∙NaceurGaaloul—Leibniz University of Hanover, Institute of QuantumOp-
tics, Hanover, Germany
Space-borne quantum technologies, particularly those based on atom interfer-
ometry, are heralding a new era of strategic and robust space exploration. The
unique conditions of space, characterized by low-noise and low-gravity environ-
ments, open up diverse possibilities for applications ranging from precise time
and frequency transfer to Earth Observation and the search of new Physics.

This contribution focuses on recent mission concepts utilizing quantum-gas
sensors. The firstmission, Space-Time Explorer andQuantumEquivalence Prin-
ciple Space Test (STE-QUEST), introduces a dual-species atom interferometer
operating over extended durations. This mission aims to tackle fundamental
questions in Physics, such as testing the universality of free fall with unprece-
dented accuracy (better than one part in 10−17), exploring various forms of
Ultra-Light DarkMatter, and scrutinizing the foundations of QuantumMechan-
ics.

The second satellitemission is the CARIOQApathfinder, recently endorsed by
the European Commission. It is set to lay the groundwork for a space Geodesy
mission, utilizing atom accelerometers to map temporal variations in Earth’s
gravity field.

To conclude, this presentation offers an overview of recent experimental re-
sults from orbital quantum laboratories, highlighting the cutting-edge advance-
ments in the field of space-based quantum technologies.

Q 45.2 Thu 11:30 HS 1221
Polarization dynamics in a self-compensated comagnetometer for dark mat-
ter searches— ∙DanielGavilan-Martin1,2, Mikhail Padniuk3, Emmanuel
Klinger1,2,4, Grzegorz Lukasiewicz3, Szymon Pustelny3, Derek Jackson
Kimball5, Dmitry Budker1,2,6, and Arne Wickenbrock1,2 — 1Helmholtz-
Institut Mainz — 2Johannes Gutenberg-Universität Mainz — 3Marian Smolu-
chowski Institute of Physics, Jagiellonian University in Krakow — 4Université
de Franche-Comté — 5Department of Physics, California State University East
Bay, Hayward — 6Department of Physics, University of California, Berkeley
Self-compensated comagnetometers, employing overlapping samples of spin-
polarized alkali and noble gases (for example K-3He) are promising sensors for
exotic beyond-the-standard-model fields and high-precision metrology such as
rotation sensing. We propose and demonstrate a general method to calibrate
the response of an atomic comagnetometer, to any possible perturbation of the
atomic spins. The method uses a convenient, easy-to-implement protocol that is
experimentally verified by successfully using it to predict the comagnetometer
response to rotations. Furthermore, I will discuss the prospects of a search for
gradient coupled axion-like dark matter conducted with such machine.

Q 45.3 Thu 11:45 HS 1221
Parity violation in atomic ytterbium: a progress report— ∙Stefanos Nanos,
Iraklis Papigkiotis, TimoleonAvgeris, and DionysiosAntypas—Depart-
ment of Physics, University of Crete, GR-70013 Heraklion, Greece
Small-scale tabletop experiments are emerging as a complement to their large-
scale high-energy-physics counterparts conducted in large facilities, for studies
on fundamental physics. Specifically, atomic parity violation (APV) serves as a
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gateway to understanding the effects of weak interaction in atoms. Recent obser-
vations on how the APV effect varies among a chain of ytterbium (Yb) isotopes
motivate the implementation of this method as a versatile probe of nuclear and
particle physics.

In this spirit, our team has initiated construction of an atomic beam appara-
tus, focusing on detecting isotopic variation of APV in Yb. The new setup is cur-
rently under development at the PhysicsDepartment of theUniversity of Crete in
Greece, with the purpose of measuring the Yb 6s2 1S0 → 5d6s 3D1 optical tran-
sition at 408 nm. The project aims to significantly expand existing approaches,
through high-precisionAPVmeasurements, with a focus on probing the neutron
distributions in the Yb nuclei. These investigations seek to address questions re-
lated to the size of neutron-rich nuclei and neutron stars. Moreover, the method
will serve as a probe of physics beyond the Standard Model, involving studies of
electron-nucleon interactions which would be mediated by additional Z bosons.

Q 45.4 Thu 12:00 HS 1221
Dark Energy Detection at the Einstein-Elevator — ∙Charles Garcion1,
Magdalena Misslisch1, Sukhjovan Gill1, Ioannis Papadakis2, Sheng-
wey Chiow3, Nan Yu3, and Ernst Rasel1 — 1Institut für Quantenoptik, Leib-
niz Universität Hannover, Germany — 2Ferdinand Braun Institut, Humboldt
Universität Berlin, Germany — 3Jet Propulsion Laboratory, California Institute
of Technology, Pasadena, United States of America
Investigating dark energy, which constitutes 70% of the universe’s energy and
drives its accelerated expansion, remains a fundamental challenge. Scalar fields
with screening mechanisms such as chameleon, symmetron and galileon have
been proposed as potential explanations for dark energy. Cold atom experi-
ments, particularly in chameleon and symmetron parameter constraints, have
been valuable but face limitations due to the uncertainties on the gravity inter-
actions between test masses and atoms.

This presentation discusses the collaborative D3E3/DESIRE project between
JPL and Leibniz University Hannover. Utilizing atom interferometers in the mi-
crogravity environment of the Einstein-Elevator, the project aims to modify the
scientific payload from the MAIUS-1 sounding rocket mission. This modifica-
tion involves implementing a periodic test masse and multi-loop atom interfer-
ometers to enhance dark energy model constraints.

The DESIRE project is supported by the German Space Agency DLR with
funds provided by the FederalMinistry of Economics Affairs and Climate Action
(BMWK) under grant number 50WM2155

Q 45.5 Thu 12:15 HS 1221
Reflective atom interferometer and its applications — ∙Johannes Fiedler
and Bodil Holst — Department of Physics and Technology, University of
Bergen, Norway
The field of atom interferometry has experienced significant growth in recent
decades, finding applications in diverse areas, from measuring fundamental
physics constants to precision atomic clocks. Many applications involve the use
of cold atoms or Bose-Einstein condensates, employing laser pulses to split the
atomic wave function. In contrast, transmission interferometers with thermal
atoms utilize dielectric objects [1] or a standing laser field [2] for beam splitting,
limiting the separation to a few milliradians [3]. This presentation introduces
a reflective atom interferometer scheme, leveraging surface diffraction between
two parallel plates to achieve a large-angle separation of the wave function [4].

The talk covers a feasible interferometer setup, showcases expected interference
patterns, and outlines optimal designs for applications in acceleration measure-
ments and velocity selection.

[1] N. Gack et al. Phys. Rev. Lett. 125, 050401 (2020). [2] S. Eibenberger et al.
Phys. Rev. Lett. 112, 250402 (2014). [3] C. Brand et al. Nature Nanotechnology
10, 845 (2015). [4] J. Fiedler et al. Phys. Rev. A 108, 023306 (2023).

Q 45.6 Thu 12:30 HS 1221
Theory of multi-axis atom interferometric sensing for inertial navigation
— ∙Christian Struckmann, Knut Stolzenberg, Dennis Schlippert, and
Naceur Gaaloul — Leibniz University Hannover, Institute of Quantum Op-
tics, Welfengarten 1, 30167 Hannover, Germany
Quantum sensors based on the interference of matter waves provide an excep-
tional measurement tool for inertial forces, and are considered next generation
accelerometers for applications in geodesy, navigation, or fundamental physics
due to the absence of drifts. However, conventional atom interferometers are
only able to measure inertial forces along one single axis, resulting in one ac-
celeration and one rotation component. To determine the motion of a moving
body, an inertial measurement unit needs to measure the acceleration and ro-
tation of the body along three perpendicular directions. Extending this atom
interferometeric measurement scheme to multiple components would normally
require the subsequent measurement along a differently oriented axis.

In this contribution, we present our theory and simulation efforts based on
experimental schemes enabling three dimensional sensing using simultaneously
operated single-axis atom interferometers. We detail the sensitivity and dimen-
sionality scaling of the measurement as well as its potential and improvement
avenues.

This work is supported by DLR funds from the BMWi (50WM2263A-
CARIOQA-GE and 50WM2253A-(AI)ˆ2).

Q 45.7 Thu 12:45 HS 1221
Scenario building for Earth Observation Space Missions Featuring Quan-
tum Sensors — ∙Gina Kleinsteinberg, Christian Struckmann, Naceur
Gaaloul, and for the CARIOQA Consortium— Institute of Quantum Op-
tics, Leibniz University Hanover, Welfengarten 1, 30167 Hanover, Germany
Being extremely sensitive to accelerations and rotations with high stability at low
frequencies, atom interferometer configurations offer a versatile approach not
only for Fundamental Physics research but also for Earth Observation. The lat-
ter is currently gaining more and more significance, as consequences of climate
change, e.g. sea level rise and changes in water mass distributions are directly re-
flected in Earth’s gravity field. In order to increase the maturity of quantum sen-
sors in space, the European Commission envisages a quantum pathfinder mis-
sion, CARIOQA-PMP (Cold Atom Rubidium Interferometer in Orbit for Quan-
tumAccelerometry - PathfinderMission Preparation), to be launched by the end
of this decade. In this contribution, we present a simulation tool capable to anal-
yse the mission scenarios for the quantum pathfinder as well as for the follow-
on full-fledge quantum gravimetry mission. The mission scenario is developed
in close cooperation with the geodesy community within the CARIOQA-PMP
project from the classical satellite simulations, the quantum measurement and
finally the recovery of the gravity field from the interferometer signal. This work
is supported by DLR funds from the BMWi (50WM2263A-CARIOQA-GE and
50WM2253A-(AI)ˆ2).

Q 46: Lasers I
Time: Thursday 11:00–13:00 Location: HS 3118

Q 46.1 Thu 11:00 HS 3118
High Power UV Laser Systems for Bunched Beam Laser Cooling —
∙Benedikt Langfeld, Jens Gumm, Tamina Grunwitz, and Thomas
Walther— TU Darmstadt, Institut für Angewandte Physik
Laser cooling of bunched relativistic ion beams has been shown (e.g. at GSI
Helmholtzzentrum) to be a powerful technique to generate ion beams with small
emittances and narrow longitudinal velocity distributions. For highly relativistic
(large γ-factors) and intense heavy-ion beams, laser cooling will be very efficient
and cooling times of the order of seconds are expected. For these reasons, laser
cooling will be the only available cooling method at the planned heavy-ion syn-
chrotron SIS100 at FAIR.

In this talk, we discuss the principle of bunched beam laser cooling usingmul-
tiple laser beams. We will give an overview of two laser systems that will be used
at the SIS100, namely one continuous-wave (cw) laser system and one pulsed
picosecond laser system. At the TU Darmstadt, the cw master-oscillator-power-
amplifier UV laser system - with two SHG cavities - and the tunable high repe-
tition rate (1-10 MHz) pulsed UV laser system - with a continuously adjustable
pulse duration between 50 and 735 ps - are being developed. With these systems,
we achieved very high UV output powers of over 2W UV (cw system) and over
4W average power (pulsed system).

Q 46.2 Thu 11:15 HS 3118
Two-cycle laser pulse at 1600 nm from a compact fiber-feedback OPO and
OPA combination at 76 MHz repetition rate— ∙Johann Thannheimer, Ab-
dullah Alabbadi, Tobias Steinle, and Harald Giessen — University of
Stuttgart
Compact and powerful few-cycle sources between 1 μm and 2 μm are required
to generate mid-infrared light for spectroscopy via intra-pulse difference fre-
quency generation, as well as for ultrafast metrology via electro optic sampling.
We demonstrate fiber-based compression down to two optical cycles (12 fs) at
1600 nm with an average power of 570mW and a repetition rate of 76MHz. We
use an Yb-based pump laser for an optical parametric oscillator which is sub-
sequently amplified to the watt scale using an optical parametric amplifier. The
nonlinear frequency broadening and anomalous dispersionwhich is required for
pulse compression, is realized by just coupling the light into a 42-mm-long com-
mon single mode fiber. FROG measurements confirm that our system realizes
few cycle pulses based on an extremely compact, stable, and low-noise solid-state
laser system.

200



Quantum Optics and Photonics Division (Q) Thursday

Q 46.3 Thu 11:30 HS 3118
A single-stage dispersion-controlled multipass cell setup to efficiently
drive resonant dispersive wave emission. — ∙Ammar bin Wahid1,
Laura Silletti1, Teodora F. Grigorova2, Lorenzo Pratolli1, Chris-
tian Brahms2, Esmerando Escoto1, Prannay Balla1,3, Supriya
Rajhans1,3, KatinkaHorn1, LutzWinkelmann1, VncentWanie1, Andrea
Trabattoni1,4, Christoph M. Heyl1,3, John C. Travers2, and Francesca
Calegari1 — 1DESY, Germany — 2Heriot-Watt University, United Kingdom
— 3Helmholtz-Institute Jena, Germany — 4Leibniz Universität Hannover, Ger-
many
Yb-based lasers are characterised by their ability to operate at high average power
and high repetition rates. However, they are limited by relatively long Fourier
transform limit pulse duration, typically spanning from 100 fs up to the few ps
regime. To overcome these challenges, multi-pass cells (MPCs) are becoming
an increasingly attractive solution. They allow operation at high peak and aver-
age power while maintaining high efficiencies (>90%), high compression ratios,
compact setup sizes and excellent beam quality. [1][L. Silletti et al.Optics Letters,
48(7), 1842-1845]. Here we present tunable 3fs transform-limited deep-UV light
generation by driving resonant dispersive waves (RDWs) in an argon-filled hol-
low core fibres [2][J.C. Travers et.Nat. Photonics 13, 547-554 (2019)] cascaded
by a single-stage dispersion-engineered MPC, which is capable of compressing
150-fs pulses to sub-20-fs durations with scalability from 1kHz up to 200kHz.

Q 46.4 Thu 11:45 HS 3118
8-Fold Energy Upscaling by Divided-Pulse Spectral Broadening in a Multi-
Pass-Cell — ∙Henrik Schygulla1,2, Nayla Jimenez1,3,4, Yujiao Jiang1,
Hüseyin Çankaya1, Ingmar Hartl1, and Marcus Seidel1,3,4 — 1DESY,
Hamurg, Deutschland — 2Uni Hamburg, Deutschland — 3Helmholtz Insti-
tute Jena, Deutschland — 4GSI Helmholtzzentrum für Schwerionenforschung
GmbH, Darmstadt, Deutschland
Multi-pass-cells (MPC) offer an excellent spectral broadeningmethod, but a cur-
rent challenge is its peak power scalability [1]. To resolve this, we divided the in-
put pulse [2] into 8 replicas and demonstrated a corresponding increase of pulse
energy after nonlinear compression.

The used laser generated 208fs pulses at 1030nm with a pulse energy of up to
140uJ.The input pulse was divided into 8 replicas using 3 calcite crystals and sent
through theMPC for spectral broadening to a 45fs bandwidth limit. Afterwards,
the replicas were recombined with an identical set of crystals and compressed via
chirped mirrors. A duration of 49fs after compression was measured by FROG.
The nonlinear compression performance of a single 17uJ pulse and the 140uJ
pulse train was compared: The polarisation cleaning losses for the divided-pulse
setting were 5%, the pulse duration remained the same.

These results enable switching laser repetition rates for FLASH pump-probe
experiments [3] without compromising the pulse duration.

[1] Viotti et al. Optica 9, 197 (2022); [2] Stark et al. J. Phys. Photonics 4,
035001 (2022); [3] Viotti et al. Rev. Sci. Instr. 94, 023002 (2023)

Q 46.5 Thu 12:00 HS 3118
Intra-Cavity Control of Dual-Comb Soliton Motion inside a single Fiber
Laser — ∙Julia A. Lang1, Sarah Hutter2, Alfred Leitenstorfer2, and
Georg Herink1 — 1Experimental Physics VIII - Ultrafast Dynamics, Univer-
sity of Bayreuth, Bayreuth, Germany — 2Department of Physics and Center for
Applied Photonics, University of Konstanz, Konstanz, Germany
Ultrafast lasers can exhibit dynamic sequences of multiple solitons. However,
understanding and controlling their dynamics or utilizing them practically re-
mains challenging. In this contribution, we introduce a new method for the
precise control of relative soliton motion. By employing intra-cavity acousto-
optic modulation, we selectively modulate single pulses out of two interlaced
harmonically mode-locked frequency combs in an all-fiber Er:fiber laser. Upon
external stimuli, the trajectories exhibit rapid and deterministically adjustable
behaviour as a result of the interplay of ultrafast nonlinearity and laser gain dy-
namics. Based on these findings, we demonstrate fast all-optical scanning of pi-
cosecond pump-probe delays and programmable free-form soliton trajectories
[1].

[1] Lang, J. A., Hutter, S. R., Leitenstorfer, A., & Herink, G. (2023). Control-
lingDual-Comb SolitonMotion inside a single Fiber Laser Cavity. arXiv preprint
arXiv:2308.13472.

Q 46.6 Thu 12:15 HS 3118
Optical pumped 10μm amplifier— ∙BerndWitzel, Paul-Émile Chantrel,
Bernard Sévigny, and Michele Piché — Centre d’Optique Photonique et
Laser (COPL) and Département de Physique de Génie Physique et d’Optique
Université Laval, Québec, Québec, G1V 0A6,Canada
We have demonstrated a high-energy, single-crystal Optical Parametric Oscil-
lator (OPO) pumped directly by a Nd-YAG laser operating at 1064 nm. In our
study, we compare this system to a standard Master Oscillator Power Ampli-
fier (MOPA) setup equipped with one OPO and four amplification stages. We
achieved pulse energies of 90 mJ at 2 μm for the high-energy OPO and 115 mJ
for theMOPA system. The duration of both the signal and idler beams is approx-
imately seven nanoseconds. Both systems allow for wavelength tuning between
1.9 μm and 2.4μm. We aim to explore the feasibility of pumping a 10 μm ampli-
fier and present our initial findings regarding this amplification. The active gas
employed in this amplifier is CO2 under high-pressure. This system is designed
for the amplification of 10 μm ultra-short laser pulses with a duration of 200 fs.

Q 46.7 Thu 12:30 HS 3118
Ultraviolet supercontinuum generation using a differentially-pumped glass
chip — ∙Josina Hahne1,2, Vincent Wanie3, Pasquale Barbato4,5, Sergey
Ryabchuk1,2, Ammar Bin Wahid3, David Amorim3, Erik P. Månson3, An-
drea Trabattoni5,6, Roberto Osellame5, Rebeca Martínez Vázquez5,
and FrancescaCalegari1,2,3 — 1Universität Hamburg— 2TheHamburgCen-
tre for Ultrafast Imaging — 3CFEL, Hamburg — 4Politecnico di Milano —
5CNR-INF, Milano — 6Leibniz Universität Hannover
UV pulses with a duration of a few- or sub-femtosecond durations are of great
interest in the field of ultrafast spectroscopy, since they provide access to the
UV-induced electron dynamics in biologically relevant molecules. Sub-3-fs UV
pulses have previously been generated by third-harmonic generation in gas cells
or resonant dispersive wave emission in hollow capillaries. Here, we present a
compact glass chip design which combines a gas cell with two differential pump-
ing stages, providing high gas confinement, to minimize the reabsorption of the
generated UV pulses and preserve their temporal duration. The resulting UV
pulse energy reaches up to 0.8 uJ in neon (0.2% conversion efficiency). The gen-
erated spectra spann from 200 to 325 nm, supporting transform limit durations
of 2.1 fs in argon and 1.9 fs in neon. To gain further insight into the nonlinear
process, numerical simulations have been performed. Ionisation has been found
to be key for the exceptional broadening of the UV pulses due to the spatio-
temporal reshaping of the driving field as well as plasma blue shifting.

Q 46.8 Thu 12:45 HS 3118
NOPA rainbow: 10 fs regime pulses tunable over more than an octave —
∙Ferdinand Bergmeier and Eberhard Riedle— Lehrstuhl f. BioMolekulare
Optik, Fakultät f. Physik, LMUMünchen
We combine a contemporary Yb-based 250 fs industrial-grade pump laser with
a newly devised and comprehensively engineered noncollinear optical paramet-
ric amplifier (NOPA). The NOPA employs easily interchangeable 515 and 343
nm pumping, facilitating fundamental tunability from 390 to 950 nm without
any gaps. Output pulse energies of some uJ are reached in a single amplification
stage with a clean Gaussian beam shape. The repetition rate can be varied be-
tween 1 and 200 kHz without adjustments at constant pulse parameters. A single
stage of second harmonic generation (SHG) extends this range down to below
220 nm. The spectral width across all centre wavelengths is sufficient for sub-10
fs pulses. We routinely achieve pulse lengths between 10 and 20 fs. The system
has stably run without any adjustments for three months.

To scrutinize the characteristics of the pump laser/NOPA combination, we
developed a detector capable of shot-to-shot measurements at a rep rate of 200
kHz. This detector was employed to analyse the shot-to-shot fluctuations and
correlation of the NOPA at various repetition rates and pulse picker settings of
the pump laser. Beyond the overall rms of the output pulses all relevant non-
linearly generated pulses inside the NOPA were compared and correlated to the
pump laser behaviour. It was found that the long-term fluctuations of the NOPA
output are below 0.5% at a 0.1% level of the pump laser.

Q 47: Open Quantum Systems
Time: Thursday 11:00–13:00 Location: HS 3219

Q 47.1 Thu 11:00 HS 3219
Optimal Cooling inMarkovianQuantumSystems— ∙EmanuelMalvetti—
School of Natural Sciences, Technische Universität München, 85737 Garching,
Germany — Munich Center for Quantum Science and Technology & Munich
Quantum Valley, 80799 München, Germany

We address the task of cooling aMarkovian quantum system to a pure state. Here
the system drift takes the form of a Lindbladmaster equation and we assume fast
control over the unitary group. This setting allows for a natural reduction of the
control system to the eigenvalues of the state density matrix. We give a simple
necessary and sufficient characterization of systems which are (asymptotically)
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coolable, and present explicit time-optimal cooling protocols for chosen low-
dimensional systems. As an outlook we connect the task of cooling subsystems
to embedding non-Markovian dynamics using a Markovian shell.

Q 47.2 Thu 11:15 HS 3219
Quantum speed limit for perturbed open systems — ∙Benjamin Yadin,
Satoya Imai, and Otfried Gühne — Naturwissenschaftlich-Technische
Fakultät, Universität Siegen, Walter-Flex-Straße 3, 57068 Siegen, Germany
Quantum speed limits provide upper bounds on the rate with which a quantum
system can move away from its initial state. Here, we provide a different kind of
speed limit, describing the divergence of a perturbed open system from its un-
perturbed trajectory. In the case of weak coupling, we show that the divergence
speed is bounded by the quantum Fisher information under a perturbing Hamil-
tonian, up to an error which can be estimated from system and bath timescales.
We give two applications of our speed limit. Firstly, it enables experimental esti-
mation of quantum Fisher information in the presence of decoherence that is not
fully characterised. Secondly, it implies that large quantumwork fluctuations are
necessary for a thermal system to be driven quickly out of equilibrium under a
quench.

Q 47.3 Thu 11:30 HS 3219
Adiabatic quantum trajectories in engineered reservoirs — ∙Emma King1,
Luigi Giannelli2,3,4, Raphaël Menu1, Johannes Kriel5, and Giovanna
Morigi1 — 1Theoretische Physik, Universität des Saarlandes, D-66123 Saar-
brücken, Germany — 2Dipartimento di Fisica e Astronomia “Ettore Majorana”,
Università di Catania, Via S. Sofia 64, 95123 Catania, Italy — 3CNR-IMM, UoS
Università, 95123 Catania, Italy — 4INFN Sezione di Catania, 95123 Catania,
Italy — 5Institute of Theoretical Physics, Stellenbosch University, Stellenbosch
7600, South Africa
We analyze the efficiency of protocols for adiabatic quantum state transfer as-
sisted by an engineered reservoir. The target dynamics is a quantum trajectory in
the Hilbert space and is the fixed point of a time-dependent master equation. We
specialize to quantum state transfer in a qubit and determine the optimal sched-
ule for a class of time-dependent Lindblad equations. The speed limit on state
transfer is extracted from a physical model of a qubit coupled to a reservoir, from
which the Lindblad equation is derived in the Born-Markov limit. Our analysis
shows that the resulting efficiency is comparable to the efficiency of the optimal
unitary dynamics. Numerical studies indicate that reservoir-engineered proto-
cols could outperform unitary protocols outside the regime of the Born-Markov
master equation, namely, when correlations between the qubit and reservoir be-
come relevant. Our study contributes to the theory of shortcuts to adiabaticity
for open quantum systems and to the toolbox of protocols of the NISQ era.

Q 47.4 Thu 11:45 HS 3219
Stochastic unravelling of Lindblad equation for N coupled oscillators— Juan
Moreno1, ∙Abhijit Pendse1, and Alexander Eisfeld1,2 — 1Max Planck
Institut für Physik komplexer Systeme, Nöthnitzer Str. 38, 01187 Dresden,
Germany — 2Universität Potsdam, Institut für Physik und Astronomie, Karl-
Liebknecht-Str. 24-25, 14476 Potsdam, Germany
The dynamics of a system of N coupled oscillators in presence of gain/loss can be
understood by solving the Lindblad master equation numerically. However, the
time propagation of the density matrix presents limitations in the computational
memory since its size increases exponentially with the number of oscillators N.
In this talk, we will present an alternative way to study the dynamics of this sys-
tem using the quantum state diffusion formalism (QSD). In this formalism, the
dynamics of the density matrix is given by a mean over an ensemble of trajecto-
ries that are obtained by propagating a stochastic QSD equation. This stochastic
equation is written in terms of a non-Hermitian Hamiltonian, whose diagonal-
ization leads to QSD equation that is only coupled via noise correlations. This
allows one to do time propagation of N individual oscillators without dealing
with the memory limitations that are present in the numerical solution of the
Lindblad equation.

Q 47.5 Thu 12:00 HS 3219
Collision models from the perspective of fast scattering events — ∙Michael
Gaida and Stefan Nimmrichter—Universität Siegen, Deutschland
A collision model is a blueprint for generic opensystems in which the environ-
ment is modeled as a sequence of ancillas unitarily interacting with the system. It
can be viewed as a mathematical idealization of scattering processes in which ki-
netics are reduced to amere swichting on and off of the interaction. Suchmodels
are capable of describing thermalization processes if one restricts to energy pre-
serving interaction terms, but the link to dynamical scattering models with both

internal and motional degrees of freedom remains to be explored. Recently this
link has been investigated in a one-dimensional setting [1, 2]. Here we consider
two and three-dimensional scenarios and study under which conditions they
can be described by collision models, once the motional degrees of freedom are
averaged out. Specifically, we focus on (non-relativistic) high energy scattering
and the energy exchange between internal and kinetic energy. We identify the
parameter regimes and interaction types that lead to Gibbsian or non-Gibbsian
equilibrium state of the internal degrees of freedom.

[1] S. L. Jacob, M. Esposito, J. M. R. Parrondo, and F. Barra, Quantum scatter-
ing as a work source, Quantum 6, 750 (2022).

[2] S. L. Jacob, M. Esposito, J. M. Parrondo, and F. Barra, Thermalization in-
duced by quantum scattering, PRX Quantum 2, 020312 (2021).

Q 47.6 Thu 12:15 HS 3219
Spin Coherence in Strongly-Coupled Spin Baths in Quasi Two-Dimensional
Layers — Philip Schätzle1,2 and ∙Walter Hahn1 — 1Fraunhofer Institute
for Applied Solid State Physics IAF, Tullastr. 72, 79108 Freiburg, Germany —
2Department of Sustainable Systems Engineering (INATECH), University of
Freiburg, Emmy-Noether-Str. 2, 79110 Freiburg, Germany
We investigate the spin-coherence decay of NV−-spins interacting with the
strongly-coupled disordered bath of the substitutional nitrogen defects in dia-
mond layers. We show that the short-time decay follows a stretched-exponential
function with a dimensionality-dependent stretched-exponential parameter that
challenges analytical predictions. We find that this discrepancy is caused by the
hyperfine interaction which stronglymodifies the bath dynamics. We use a novel
method based on the correlated-cluster expansion applied to partitions of the
bath, which includes important high-order spin correlations. The results pave
the way for enhanced materials for quantum-technology devices.

Q 47.7 Thu 12:30 HS 3219
Dissipative quantumphase transition in an interactingmany-particle system:
from two-level to multilevel spins — ∙Lukas Pausch, François Damanet,
Thierry Bastin, and John Martin — Institut de Physique Nucléaire, Atom-
ique et de Spectroscopie, Université de Liège, Belgium
The dissipative Lipkin-Meshkov-Glickmodel ofN all-to-all interacting two-level
systems subject to collective and/or individual decay is known to display a dis-
sipative phase transition. There, the collective or individual nature of the dis-
sipation defines the order of the phase transition and the characteristics of the
different phases, while having no impact on the position of the critical point.

Here, we investigate a generalization of this model to d-level spins (d ≥ 2).
While basic features of the transition, such as the critical point, remain identical
to the two-level case, the spin expectation values that characterize the different
phases become ever more distinct from each other as d increases. Furthermore,
depending on the exact form of the dissipator, the critical point transforms into
a critical region that grows with d. Around the phase transition, the steady state
of the system is entangled, and different choices of the dissipator may lead to a
suppression or even an enhancement of entanglement by the individual dissipa-
tion.

Q 47.8 Thu 12:45 HS 3219
Exceptional points at x-ray wavelengths — ∙Fabian Richter and Adri-
ana Pálffy — Julius-Maximilians-Universität Würzburg, Am Hubland, 97074
Würzburg, Germany
Non-Hermitian Hamiltonians allow for an effective description of dissipative
systems. They exhibit a variety of exciting phenomena that cannot be observed
in the Hermitian realm. Exceptional Points (EPs) are a prime example thereof.
At EPs not only the complex eigenvalues, but also the eigenvectors coalesce and
sensitivity to perturbations is enhanced. This concept has recently found fertile
ground in optics and photonics where non-Hermitian eigenstates can be cre-
ated and superposed through optical gain and loss [1]. So far, these concepts
have been mostly discussed in the optical regime. Similar control of x-rays is de-
sirable due to their superior penetration power, high focusability and detection
efficiency.

Here, we investigate theoretically non-Hermitian x-ray photonics in a thin-
film cavity setup containing Mössbauer nuclei resonant to the x-ray radiation
entering under grazing incidence. These cavities present loss that can be con-
trolled via adjustment of the cavity geometry and the x-ray incidence angle [2].
We show that external magnetic fields may be used to tune the system towards
EPs and explore the rich topological properties of the x-ray thin-film nanostruc-
tures.
[1] L. Feng et al., Nature Photon. 11, 752-762 (2017).
[2] X. Kong, D. Chang, A. Pálffy , Phys. Rev. A 102, 033710 (2020).

Q 48: Ultra-cold Atoms, Ions and BEC III (joint session A/Q)
Time: Thursday 14:30–16:30 Location: HS 1010
See A 29 for details of this session.
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Q 49: Precision Spectroscopy of Atoms and Ions IV (joint session A/Q)
Time: Thursday 14:30–16:15 Location: HS 1098
See A 30 for details of this session.

Q 50: Quantum Gases (joint session Q/A)
Time: Thursday 14:30–16:30 Location: Aula

Q 50.1 Thu 14:30 Aula
Braiding Laughlin quasi-holes in ultracold atoms using Ramsey interferom-
etry— ∙Felix Palm1,2, NaderMostaan1,2, Nathan Goldman2, and Fabian
Grusdt1 — 1LMU Munich & MCQST, Munich, Germany — 2CENOLI, Uni-
versité Libre de Bruxelles, Brussels, Belgium
Braiding non-Abelian anyons in topologically ordered systems has been pro-
posed as a possible route towards topologically protected quantum computing.
While recent experiments based on various platforms have made significant
progress towards this goal, coherent control over individual anyonic excitations
has still not been achieved today. At the same time, progress in cold-atom quan-
tum simulators resulted in the realization of a two-boson  = 1/2-Laughlin state,
a paradigmatic fractional quantum Hall state hosting Abelian anyonic quasi-
holes.

Here we show that cold atoms in quantum gas microscopes are a suitable plat-
form to create and manipulate these quasi-holes. First, we show that a Laughlin
state of eight bosons can be realized by connecting small patches accessible in ex-
periments. Next, we demonstrate that two cross-shaped pinning potentials are
sufficient to create two quasi-holes in this Laughlin state. Starting with these two
quasi-holes we numerically perform an adiabatic exchange procedure, and reveal
their semionic braiding statistics for various exchange paths, thus clarifying the
topological nature of these excitations. Finally, we propose an experimentally
feasible interferometry protocol to probe the braiding phase in quantum gas mi-
croscopes, using a two-level impurity immersed in the fractional quantum Hall
fluid.

Q 50.2 Thu 14:45 Aula
Adiabatic Preparation of a Chiral Spin Liquid — ∙Moritz Schlechtriem,
Francesco Petiziol, and André Eckardt — Technische Universität Berlin,
Institut für Theoretische Physik, Hardenbergstraße 36, 10623 Berlin, Germany
Efficient protocols to prepare spin-liquid states are essential for exploring these
phases of matter and harnessing their potential for applications. The goal of this
study is to investigate the adiabatic preparation of a chiral spin liquid ground
state on the Kagome lattice. Considering different easily-realizable initial Hamil-
tonians and different system sizes, the minimal duration for a high-fidelity adi-
abatic transition into the spin-liquid phase is determined and optimal adiabatic
paths are explored. In a second step, the analysis is extended to the case in which
the spin-liquid Hamiltonian is realized via Floquet engineering.

Q 50.3 Thu 15:00 Aula
The anyon-Hubbard model: From few to many-body — ∙Martin Bonkhoff
— I. Institut für Theoretische Physik, Universität Hamburg
Recent experimental progress in the engineering of density-dependent Peierls
phases has rekindled the interest in one-dimensional anyonic lattice models of
the Hubbard type. We review specific ground-state properties of such anyons on
hand of the single-species anyon-Hubbard model. Thereby we focus primarily
on the distinction between few-particle systems, or very small system sizes, and a
real many-body setting [2,3]. For the former case we use integrable techniques to
study the properties of the model, which is contrasted then with field-theoretical
methods for long-wavelengths. The emphasis is thereby on the coherence prop-
erties of the model that are intrigiungly modified by the statistical interactions
in contrast to ordinary, local inter-particle interactions. We find a quite different
phenomenology for the two regimes and discuss related experimental challenges.

[1] Martin Bonkhoff, Simon B. Jäger, Imke Schneider, Axel Pelster, and Sebas-
tian Eggert, Phys. Rev. B 108, 155134 (2023)

[2] Martin Bonkhoff, Kevin Jägering, Sebastian Eggert, Axel Pelster, Michael
Thorwart, and Thore Posske, Phys. Rev. Lett. 126, 163201 (2021)

Q 50.4 Thu 15:15 Aula
Bogoliubov theory of 1D anyons in a lattice — ∙Binhan Tang1, Axel
Pelster1, andMartinBonkhoff2 — 1Physics Department and Research Cen-
ter OPTIMAS, RPTU Kaiserslautern-Landau, Germany — 2I. Institute for The-
oretical Physics, Universität Hamburg, Germany
In a one-dimensional lattice anyons can be defined via generalized commuta-
tion relations containing a statistical parameter, which interpolates between the
boson limit and the pseudo-fermion limit. The corresponding anyon-Hubbard
model ismapped to a Bose-Hubbardmodel via a fractional Jordan-Wigner trans-
formation, yielding a complex hopping term with a density-dependent Peierls
phase. Herewework out a correspondingBogoliubov theory. To this endwe start

with the underlying mean-field theory, where we allow for the condensate a fi-
nite momentum and determine it from extremizing the mean-field energy. With
this we calculate various physical properties and discuss their dependence on the
statistical parameter and the lattice size. Among them are both the condensate
and the superfluid density as well as the equation of state and the compressibility.
Based on the mean-field theory we then analyse the resulting dispersion of the
Bogoliubov quasi-particles, which turns out to be in accordance with the Gold-
stone theorem. In particular, this leads to two different sound velocities for wave
propagations to the left and the right, which originates from parity breaking.

Q 50.5 Thu 15:30 Aula
Hamiltonian learning for quantumfield theories—RobertOtt1,2, Torsten
Zache1,2, ∙Maximilian Prüfer3, Sebastian Erne3, Mohammadamin
Tajik3, Hannes Pichler1,2, Jörg Schmiedmayer3, and Peter Zoller1,2 —
1Institute forTheoretical Physics, University of Innsbruck— 2Institute forQuan-
tum Optics and Quantum Information of the Austrian Academy of Sciences —
3Vienna Center for Quantum Science and Technology, Atominstitut, TU Wien
Synthetic quantum systems, such as those based on bosonic quantum gases, of-
fer an excellent opportunity to study complex phenomena arising in quantum
many-body physics. Recently, a set of efficient tools called Hamiltonian learn-
ing (HL) has been developed to uncover the underlyingmicroscopic interactions
in quantum systems from experiments. While HL is well developed for discrete
lattice-basedmany-body systems, its application to continuous quantum systems
faces a challenge due to the absence of a lattice scale. In this work, we propose a
protocol that capitalizes on the locality of effective field theories to extract their
Hamiltonians from experimental data. By varying the resolution scale of the
measurements, our protocol gives access to the scale dependence of coupling
parameters reminiscent of the running of couplings with the renormalization
group flow. To demonstrate the effectiveness of our method, we apply it to theo-
retical studies of both classical and quantum fields. We furthermore showcase its
application in an ultracold quantum gas experiment, learning the Hamiltonian
underlying its classical statistical description.

Q 50.6 Thu 15:45 Aula
Towards simulation of lattice gauge theories with ultracold ytterbium
atoms in hybrid optical potentials — ∙Rene Villela1,2, Tim Höhn1,2,
Etienne Staub1,2, Leonardo Bezzo1,2, Ronen Kroeze1,2, and Monika
Aidelsburger1,2,3 — 1Ludwig-Maximilians-Universität, München, Germany
— 2Munich Center for Quantum Science and Technology, München, Germany
— 3Max-Planck-Institut für Quantenoptik, Garching, Germany
Gauge theories play a fundamental role in our understanding of nature, ranging
from high-energy to condensed matter physics. Their formulation on a regular-
ized periodic lattice geometry, so-called lattice gauge theories (LGTs), has proven
invaluable for theoretical studies, as numerical studies on, e.g., their real-time
dynamics are computationally challenging. We report progress on developing a
quantum simulator for LGTs using neutral ytterbium atoms. Ytterbium’s internal
level structure provides a ground and metastable clock state pair, and fermionic
isotopes further host nuclear spin degrees of freedom. We combine optical lattice
and optical tweezers technology that can enable robust and scalable implemen-
tation of LGTs. To realize state-selective control, which is key for our approach
to simulate LGTs, we exploit magic and tune-out wavelengths. We present the
first measurements of such wavelengths near the narrow cooling transition at
556 nm and discuss prospects in implementing local gauge invariance.

Q 50.7 Thu 16:00 Aula
Fast preparation of cold Ytterbium gases for Rydberg quantum optics exper-
iments — ∙Xin Wang, Thilina Muthu-arachchige, Tangi Legrand, Lud-
wigMüller, Wolfgang Alt, Eduardo Uruñuela, and SebastianHoffer-
berth— Institute of Applied Physics, University of Bonn, Germany
Mapping the strong interaction between Rydberg excitations in ultracold atomic
ensembles onto single photons paves the way to realize and control high optical
nonlinearities at the level of single photons. Demonstrations of photon-photon
gates or multi-photon bound states based on this concept have so far exclusively
employed ultracold alkali atoms. Two-valence electron species, such as Ytter-
bium, offer unique novel features namely narrow-linewidth laser-cooling, optical
detection and ionization or long-lived nuclear-spin memory states.

In this talk, we present our experimental progress towards the realization of
strong photon-photon interactions, mediated by the Yb-174 Rydberg polaritons
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formed in a 1-D ultracold Ytterbium gas. Specifically, we discuss our compact
two-chamber experimental design enabling fast production of ultracold Yb-174
gases at high density. Instead of an oven and Zeeman slower, we use a fast-
loading two-stage hybrid MOT sequence to prepare and load the atoms in an
elongated dipole trap, wherewe generate Rydberg polaritons under Rydberg elec-
tromagnetically induced transparency. Owing to the zero nuclei spin of Yb-174
and singlet spin state in bivalent structure, longer coherent times are expected
compared to experiments with alkali atoms.

Q 50.8 Thu 16:15 Aula
Borromean states in a one-dimensional three-body system — ∙Tobias
Schnurrenberger1, Lucas Happ2, and Maxim Efremov1 — 1German

Aerospace Center (DLR), Institute of Quantum Technologies, 89081, Ulm, Ger-
many — 2Few-body Systems in Physics Laboratory, RIKEN Nishina Center for
Accelerator-Based Science, Wako, Saitama 351-0198, Japan
We show the existence of Borromean states in a one-dimensional quantum three-
body system composed of two identical, heavy bosons and a different, lighter
particle. It is assumed that there is no interaction between the two bosons, while
the heavy-light subsystems do not have a bound state. Within the framework of
the Faddeev equations, the three-body spectrum and the corresponding wave-
functions are computed numerically. In addition, we identify the parameter-
space region of the heavy-light interaction, where the Borromean states occur,
investigate their dependence on the mass ratio, and evaluate their geometric
properties.

Q 51: Quantum Optical Correlations
Time: Thursday 14:30–16:30 Location: HS 1199

Invited Talk Q 51.1 Thu 14:30 HS 1199
From the origin of antibunching to novel quantum light sources based on
two-photon interference — ∙Martin Cordier, Luke Masters, Gabriele
Maron, Xin-Xin Hu, Lucas Pache, Philipp Schneeweiss, Max Schem-
mer, Jürgen Volz, and Arno Rauschenbeutel — Department of Physics,
Humboldt-Universität zu Berlin, 10099 Berlin, Germany
Generating useful quantum states of light is key to many applications in quan-
tum science and technology. Here, I will report on a new approach to controlling
and tailoring the photon statistics of light fields. It is based on an effect, which
we put into evidence in a recent experiment and which challenges the conven-
tional notion that a single two-level emitter can only scatter one photon at a time
[1]. There, we show that photon antibunching in resonance fluorescence arises
from the destructive interference between two types of two-photon scattering
processes, referred to as coherent and incoherent scattering. Building on this
insight, we also study the collective enhancement of this incoherently scattered
two-photon component when laser light propagates through an atomic ensem-
ble. By adjusting the number of atoms and the laser detuning, we have full control
over the two-photon interference, which allows us to tune the photon statistics
of the transmitted light from strong photon bunching to antibunching [2,3].

[1] Masters et al., Nature Photonics 17, 972 (2023). [2] Prasad et al., Nature
Photonics 1 (2020). [3] Cordier et al., Phys. Rev. Lett. 131, 183601 (2023).

Q 51.2 Thu 15:00 HS 1199
Boson bunching is not maximized by indistinguishable particles — ∙Benoît
Seron1, Leonardo Novo1,2, and Nicolas J. Cerf1 — 1Centre for Quantum
Information and Communication, Brussels, Belgium — 2International Iberian
Nanotechnology Laboratory (INL), Braga, Portugal
Boson bunching is amongst the most remarkable features of quantum physics.
A celebrated example in optics is the Hong-Ou-Mandel effect, where the bunch-
ing of two photons arises from a destructive quantum interference between the
trajectories where they both either cross a beam splitter or are reflected. This
effect takes its roots in the indistinguishability of identical photons. Hence, it
is generally admitted – and experimentally verified – that bunching vanishes as
soon as photons can be distinguished, e.g., when they occupy distinct time bins
or have different polarizations. Here we disproof this alleged straightforward
link between indistinguishability and bunching by exploiting a recent finding in
the theory of matrix permanents. We exhibit a family of optical circuits where
the bunching of photons into two modes can be significantly boosted by mak-
ing them partially distinguishable via an appropriate polarization pattern. This
boosting effect is already visible in a 7-photon interferometric process, making
the observation of this phenomenon within reach of current photonic technol-
ogy. This unexpected behavior questions our understanding of multiparticle in-
terference in the grey zone between indistinguishable bosons and classical par-
ticles.

Q 51.3 Thu 15:15 HS 1199
Superradiant bursts of light from cascaded quantum emitters: Experiment
on photon-photon correlations—Constanze Bach, Christian Liedl, Arno
Rauschenbeutel, ∙Philipp Schneeweiss, and Felix Tebbenjohanns—De-
partment of Physics, Humboldt-Universität zu Berlin, Germany
Recently, superradiant bursts of light have been, for the first time, experimen-
tally observed for a cascaded quantum system. This was realized using an en-
semble of waveguide-coupled two-level atoms that exhibit chiral, i.e., propaga-
tion direction-dependent coupling to the waveguidemode. Here, we experimen-
tally study this collective radiative decay of a fully inverted atomic ensemble and
measure the second order quantum correlation function, д(2)(t1 , t2), of the light
emitted by the atoms into the waveguide. We observe д(2) ≈ 2 in the beginning
of the decay (t1 = 0, t2 = 0), followed by a decrease to д(2)(t1 , t2 = t1) ≈ 1within
the characteristic time scale of the burst dynamics. This can be interpreted by
assuming that, following an initially independent emission, the atoms synchro-

nize during their decay, leading to an emission that more and more resembles
the photon statistics of a coherent state. In addition to these observations, we
find an anti-correlation of photon detection events, i.e., д(2)(t1 , t2) < 1, in cer-
tain parameter regions in which t1 ̸= t2. Our measurement outcomes can be
well described with a model based on the truncatedWigner approximation. Our
findings contribute to understanding the fundamentals of light–matter interac-
tion and help engineering protocols for the generation of non-classical light. [1]
C. Liedl et al., arXiv:2211.08940

Q 51.4 Thu 15:30 HS 1199
Multiple Quantum Coherence signals by multilevel atoms with internal de-
generacy — ∙Vyacheslav Shatokhin1,2 and Andreas Buchleitner1,2 —
1Physikalisches Institut der Albert-Ludwigs-Universität Freiburg, Freiburg, Ger-
many — 2EUCOR Centre for Quantum Science and Quantum Computing der
Albert-Ludwigs-Universität Freiburg, Freiburg, Germany
Manifestations of dipole-dipole interactions in dilute thermal atomic vapors are
difficult to sense, because of strong inhomogeneous broadening. Recent exper-
iments with alkali-metal atoms revealed signatures of such interactions in fluo-
rescence detection-basedmeasurements of multiple quantum coherence (MQC)
signals. We develop an open quantum systems theory of MQC signals in dilute
thermal gases, which allows us to obtain good qualitative agreement with the
experimental observations.

In the present talk, we outline the characteristic features of our theory which
incorporates the vector character of the atomic dipoles, as well as driving laser
pulses of arbitrary strength and polarization, includes the far-field coupling be-
tween the dipoles, which prevails in dilute ensembles, and effectively accounts
for the atomic motion via a disorder average. We then discuss the impact of the
multilevel internal structure of alkali-metal atoms on the fundamental properties
of MQC signals.

Q 51.5 Thu 15:45 HS 1199
Large Deviation Statistics of Adiabatic Open Quantum Dynamics— ∙Paulo
Paulino1, Igor Lesanovsky1,2, and Federico Carollo1 — 1Institut für The-
oretische Physik, Eberhard Karls Universität Tübingen, Auf der Morgenstelle 14,
72076 Tübingen, Germany — 2School of Physics and Astronomy and Centre
for the Mathematics and Theoretical Physics of Quantum Non-Equilibrium Sys-
tems, The University of Nottingham, Nottingham, NG7 2RD, United Kingdom
The state of an open quantum system undergoing an adiabatic process evolves
by following the instantaneous stationary state of its time-dependent dynamical
generator. This observation allows one to completely characterize, for generic
adiabatic evolutions, the (average) master equation dynamics of the system.
However, it does not provide information about the behavior of the system in
single dynamical realizations, or single experimental runs. As a consequence,
our understanding of full counting statistics of interesting quantities, such as
the number of photons emitted by a slowly-driven optical system or the time-
integrated stochastic entropy production in an adiabaticmachine, remains rather
limited. Here, we make progress in this direction and derive the full counting
statistics of emission-related observables in generic adiabatic open quantum dy-
namics. We further compute the probability associated with any possible trajec-
tory of the observable and devise a dynamics which can realize it as its typical
behavior. Our findings provide away to characterize and engineer adiabatic open
quantum dynamics as well as to fully control their fluctuating behavior.

Q 51.6 Thu 16:00 HS 1199
Multi-particle Hong-Ou-Mandel interference with Ultracold Atoms —
∙Martin Quensen, Mareike Hetzel, and Carsten Klempt — Institut für
Quantenoptik, Leibniz Universität Hannover, Welfengarten 1, D-30167 Han-
nover, Germany
Two photons, coupled by a 50:50 beamsplitter, always exit at the same output
port. This effect was first observed in 1987 by Hong, Ou and Mandel and lies at
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the heart of quantum optics, as it describes the interference of single, indistin-
guishable bosons.

Here, we demonstrate this effect withmassive particles instead of photons, and
extend it to the interference of up to eight atoms at once. To achieve this, we em-
ploy spin-changing collisions in a Bose-Einstein condensate of Rb-87 and gener-
ate coherent superpositions of multiple twin-atom pairs. A dynamic, low-noise
microwave source realizes the 50:50 beamsplitter-like coupling via Rabi oscilla-
tions. We use an optical-molasses-based detection setup to count the number of
atoms in the output ports with single-atom accuracy.

The observation of the Hong-Ou-Mandel effect in our setup paves the way for
the generation and analysis of entangled quantum states ofmassive particles with
increasing fidelity and atom number. The concepts can be employed for realizing
Heisenberg-limited atom interferometry with mesoscopic states of matter.

Q 51.7 Thu 16:15 HS 1199
Simulations of Hong-Ou-Mandel interference for parametric down-
conversion in lossy waveguides — ∙Denis Kopylov1,2, Polina Sharapova1,
Silia Babel3, Laura Padberg3, Michael Stefszky3, Christine
Silberhorn3, and Torsten Meier1,2 — 1Department of Physics, Paderborn

University, Warburger Str. 100, 33098 Paderborn, Germany — 2Institute for
Photonic Quantum Systems (PhoQS), Paderborn University, Warburger Str.
100, 33098 Paderborn, Germany — 3Paderborn University, Integrated Quan-
tum Optics, Institute of Photonic Quantum Systems (PhoQS), Warburger Str.
100, 33098 Paderborn, Germany
Nowadays, parametric down-conversion (PDC) provides a flexible frame-
work for the experimental realization of various types of non-classical light.
Waveguide-based PDC sources are especially relevant for integrated quantum
optical circuits, however imperfections of long nonlinear waveguides may lead
to losses of the PDC field and consequently the desired quantum state cannot be
realized exactly.

In this work we study numerically the Hong-Ou-Mandel (HOM) interference
for PDC, generated in lossy nonlinear waveguides and show how the HOM in-
terference pattern reveals the presence of losses. In our approach we solve the
Heisenberg-Langevin equation for broadband multimode type-II PDC. Hong-
Ou-Mandel interference is calculated in the framework of Gaussian states de-
tected with click-detectors which allow us to study the non-perturbative PDC
regime. The difference between internal waveguide losses and coupling losses of
PDC on the HOM interference is demonstrated and analyzed.

Q 52: Structured Light
Time: Thursday 14:30–16:30 Location: HS 1221

Invited Talk Q 52.1 Thu 14:30 HS 1221
Structured light and its interaction with matter— ∙Robert Fickler, Rafael
Barros, Lea Kopf, and Marco Ornigotti — Tampere University, Tampere,
Finland
Shaping light fields in all degrees of freedom, i.e., space, time, and polarization,
has become a versatile tool to explore fundamental optics effects and fruitful ap-
plications in various fields of photonics and quantum optics. In this talk, I will
present some of our recent studies in this thriving branch of optics.

At first, I will discuss the behavior of light having optical phase vortices get-
ting reflected off a planar surface. It was predicted that higher-order vortices
split into a constellation of unit-charged vortices, a phenomenon which is re-
lated to fundamental optical beam shifts. We were able to observe this effect for
the first time experimentally and proof that that the physical quantity of inter-
est is the mathematical abstraction of elementary symmetric polynomials of the
coordinates of a vortex constellation. Our results pave the path to novel mate-
rial characterization techniques and might also find applications in other system
exhibiting vortices, e.g., superfluids or Bose-Einstein condensates.
I will then present a simple experimental scheme to generate more complex

states of light in which space, wavelength, and polarization are non-separable.
We demonstrate that these so-called spatio-spectral vector beams can exhibit
simultaneously all possible polarization states across their frequency spectrum
and transverse spatial extent and point out interesting analogies to entangled
tri-partite quantum systems.

Q 52.2 Thu 15:00 HS 1221
Orbital angular momentum modes generated in the parametric down-
conversion process with a non-Gaussian pump — ∙Lucas Gehse, Dennis
Scharwald, and Polina Sharapova — University Paderborn, Paderborn,
Germany
Electric fields can carry two types of angular momentum. The first is the spin
angular momentum, which arises from the polarization of the light, and the sec-
ond is the orbital angular momentum (OAM) which arises from the light phase
distribution. OAM modes have an unlimited basis, which makes them very
promising for fast and efficient quantum information and communication proto-
cols [1]. In this work, we investigate an SU(1,1) interferometer consisting of two
PDC sources, which are two nonlinear crystals pumped by a Laguerre−Gaussian
pump with different orbital and radial numbers. We consider various crystal
lengths, pump widths and distances between the crystals, in order to find con-
figurations with high-order OAM modes populated. We have found configura-
tions in which the orbital Schmidt number can achieve Kn = 101.31. The orbital
Schmidt number is defined as Kn = 1

∑ Λ2

, where Λn = ∑m λmn is the weights of

the orbital modes, with n being the orbital number andm - the radial number of
Schmidt modes. Mode shapes and intensity profiles for various configurations
of the SU(1,1) interferometer were investigated.
[1] Erhard et al., Light Sci Appl 7, 17146 (2018)

Q 52.3 Thu 15:15 HS 1221
Vortex-light Raman interaction with 40Ca+ ion crystals — ∙Maurizio
Verde1, Benjamin Zenz1, Ulrich Poschinger1, Nicolas Nuñez3, Chris-
tian Schmiegelow3, and Ferdinand Schmidt-Kaler1,2 — 1QUANTUM, In-
stitut für Physik, Universität Mainz, Mainz, Germany — 2Helmholtz-Institut
Mainz, Mainz, Germany — 3FCEyN, Departamento de Física, Universidad de
Buenos Aires, Buenos Aires, Argentina

Light beams carryingOrbital AngularMomentum (OAM)differently excite elec-
tronic and motional transitions of trapped atoms, and may thus be interesting
for quantum optics, -sensing and -information processing. We experimentally
demonstrated the transfer of transverse optical momentum to the quantizedmo-
tion of a single 40Ca+ ion [1] and provided a general theoretical framework to
describe the light-matter interaction for spatially structured light [2]. Here, we
investigate vortex light in the Raman scheme, where two beams excite trapped
40Ca+ ions near 397nm and one of them is formed as a vortex beamwith topolog-
ical charge l = +1. We report on the Raman spectra for a single ion to determine
the impact on its electronic and motional excitation. We extend this study for
the orbital angular momentum transfer to two-ions crystals.

[1]Stopp et al., Phys. Rev. Lett. 129, 263603 (2022)
[2]Verde et al., arXiv:2306.17571 (2023), accepted on Sci. Rep.

Q 52.4 Thu 15:30 HS 1221
Universal crosstalk of structured light in random media — ∙David
Bachmann1, Asher Klug2, Mathieu Isoard1,3, Vyacheslav Shatokhin1,
Giacomo Sorelli1,4, Andreas Buchleitner1, and Andrew Forbes2 —
1Physikalisches Institut der Albert-Ludwigs-Universität Freiburg — 2University
of the Witwatersrand, Johannesburg, South Africa — 3Laboratoire Kastler
Brossel, Paris, France — 4Fraunhofer Institute for Optronics, Ettlingen, Ger-
many
Structured light offers wider bandwidths and higher security for communication
and strives to answer the growing demand of non-stationary links. However,
propagation through complex random media, such as the Earth’s atmosphere,
typically induces crosstalk between spatial modes of light. We show numeri-
cally and experimentally that coupling of photonic orbital angular momentum
(OAM)modes is governed by a universal function of a single parameter – the ra-
tio between the randommedium’s and the beam’s transverse correlation lengths,
even in the regime of pronounced intensity fluctuations.

Q 52.5 Thu 15:45 HS 1221
Optimized generation of maximally entangled photon pairs in orbital angu-
lar momentum by simultaneous pump and crystal engineering — ∙Richard
Bernecker1,2, Baghdasar Baghdasaryan2,3, and Stephan Fritzsche1,2 —
1Theoretisch-Physikalisches Institut, Friedrich-Schiller-Universität Jena, Max-
Wien-Platz 1, 07743, Jena, Germany — 2Helmholtz-Institut Jena, Fröbelstieg 3,
07743, Jena, Germany — 3Institut für Angewandte Physik, Friedrich-Schiller-
Universität Jena, Albert-Einstein-Str. 6, 07745, Jena, Germany
Photon pairs generated from spontaneous parametric down-conversion (SPDC)
are the predominant method to realize photonic entanglement. Laguerre-
Gaussianmodes, which carry orbital angularmomentum (OAM), are commonly
exploited to encode high-dimensional states experimentally. In particular, max-
imally entangled states (MES) in dimensions d > 2 show promising features
like improving the capacity and security of quantum communication protocols.
However, the direct generation of MES in higher-dimensional subspaces of the
OAM basis remains a challenging task in the SPDC process. The manipulation
of entangled OAM states by shaping the spatial profile of the pump beam and
the increase of the single-photon purity by customized crystal-domain configu-
rations have been demonstrated lately. We combine these both approaches and
show theoretically that simultaneous pump and crystal engineering enables the
direct preparation of full MES within OAM subspaces of varying dimensions.
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Q 52.6 Thu 16:00 HS 1221
Scalable Generation of Continuous Variable Multipartite Quantum Corre-
lated States of Light — ∙Daida Thomas1,2, Saesun Kim1,2, and Alberto
Marino1,2,3,4 — 1Homer L. Dodge Department of Physics and Astronomy, Uni-
versity of Oklahoma, Norman, OK, 73019, USA — 2Center for Quantum Re-
search and Technology, University of Oklahoma, Norman, OK, 73019, USA
— 3Quantum Information Science Section, Computational Sciences and Engi-
neering Division, Oak Ridge National Laboratory, Oak Ridge, TN, 37831, USA
— 4Quantum Science Center, Oak Ridge National Laboratory, Oak Ridge, TN
37381, USA
Continuous variable (CV) entangled states of light serve as the foundation for a
number of applications in quantum information science, such as quantum sens-
ing, quantum computing, and quantum networking. To build a long distance
multichannel quantum network or the resource states for CV quantum comput-
ing, multi-partite entangled states are needed. Here we report on the experi-
mental scalable generation of CV multi-partite quantum correlated states. To
this end, we leverage the multi-spatial mode properties of four wave mixing to
implement a modified SU(1,1) interferometer that introduces quantum correla-
tions between the different spatial modes. The expected quantum correlations
involving conjugate variables are analyzed in terms of squeezing for all possible
bipartitions. These results represent a first step toward the generation of multi-

partite entangled states in connected graph states and show the expected con-
nectivity of the graph.

Q 52.7 Thu 16:15 HS 1221
Image resolution of quantum imaging with undetected light — ∙René
Sondenheimer1,2 andMartaGilaberteBasset2,3 — 1Institute of Condensed
Matter Theory and Optics, Friedrich-Schiller-University Jena, Max-Wien-Platz
1, 07743 Jena, Germany — 2Fraunhofer Institute for Applied Optics and Preci-
sion Engineering IOF, Albert-Einstein-Str. 7, 07745, Jena, Germany— 3Institute
of Applied Physics, Abbe Center of Photonics, Friedrich-Schiller-University
Jena, Albert-Einstein-Str. 6, 07745, Jena, Germany
Image resolution of quantum imaging with undetected photons is governed by
the spatial correlations existing between the photons of a photon pair that has
been generated in a nonlinear process. These correlations allow for obtaining an
image of an object with light that never interacted with that object. Depending
on the imaging configuration, either position or momentum correlations can be
exploited. We analyze how different source parameters affect the image reso-
lution when using spatial correlations of photons that have been generated via
spontaneous parametric down conversion in a nonlinear interferometer. In par-
ticular, we discuss the intricate dependency of the resolution on the strength of
the correlations within the biphoton states.

Q 53: Quantum Control
Time: Thursday 14:30–16:30 Location: HS 3118

Q 53.1 Thu 14:30 HS 3118
Quantum Control on a Quantum Computer: Theory and experiment —
∙Nikolay Vitanov— Sofia University, Bulgaria
Recent results from quantum control experiments on some quantum proces-
sors offered by IBM Quantum will be reported. The experiments have been
performed using the back-end Qiskit Pulse package, which offers full control
over the experimental parameters: pulse amplitude, frequency, phase and shape.
The results include the demonstration of composite pulses - trains of pulses with
well-defined relative phases used as control parameters - for complete (X gates)
and partial (Hadamard and general rotation gates) population inversion, which
cancel the experimental errors to an arbitrary order. Another example is the
newly proposed quantum control technique of polychromatic pulse trains - se-
quences of pulses of different appropriately chosen frequencies used, instead of
the phases, as control parameters.

Conventional wisdom suggests that the excitation line profile should broaden
when the Rabi frequency increases - this is the textbook effect of power broaden-
ing. Earlier work demonstrated that power broadening may not occur in pulsed
excitation and revealed the near absence of power broadening in excitation by
Gaussian pulses. Quite remarkably, we have observed the counterintuitive phe-
nomenon of power narrowing with driving pulses of Lorentzian shape - the
squeezing of the excitation line profile when the Rabi frequency increases. While
this stunning effect had been predicted earlier it has never been observed in an
experiment.

Q 53.2 Thu 14:45 HS 3118
Determining the ability for universal quantum computing: Testing control-
lability via dimensional expressivity — ∙Fernando Gago-Encinas1, Tobias
Hartung2,3, DanielM. Reich1, Karl Jansen4, and Christiane P. Koch1 —
1Freie Universität Berlin, Berlin, Germany— 2Northeastern University London,
London, United Kingdom — 3Northeastern University, Boston, Massachusetts,
USA — 4NIC, DESY, Zeuthen, Germany
Universal quantum computing requires a quantum system that is operator-
controllable. However, the number of resources required for controllability in
complex systems is not obvious and, moreover, assessing this property on the
systems themselves is a difficult task to achieve in practice. In this project we
present a hybrid quantum-classical algorithm, uniting quantum measurements
and classical calculations.

The key to our approach is the design of a parametrized quantum circuit
(PQC), which can be run on the original system with some auxiliary qubits. By
applying dimensional expressivity analysis we are able to count the number of in-
dependent parameters in the PQC. This represents the dimensional expressivity
of the PQC, which is then linked back to the controllability of the initial system.

Q 53.3 Thu 15:00 HS 3118
Optimizing bosonic two-qubit quantum gates — ∙Marcus Meschede1 and
Ludwig Mathey1,2 — 1Institut für Quantenphysik, Universität Hamburg,
22761 Hamburg, Germany — 2The Hamburg Centre for Ultrafast Imaging, Lu-
ruper Chaussee 149, 22761 Hamburg, Germany
Qubits that are encoded in the bosonic modes of cavities have emerged as a com-
pelling platform for robust quantum computing. This is due to their high dimen-
sional encoding of the logical qubit states, for which several error correcting

schemes exist. Circuit and cavity QED setups realize this system through mi-
crowave cavities, coupled by additional ancillary transmon qubits. In this work,
we optimize local driving pulses of the cavities and the transmon in order to
implement two qubit quantum gates. We evaluate different choices for the log-
ical qubit encoding in the presence of realistic decoherence processes and find
high-fidelity quantum gate implementations.

Q 53.4 Thu 15:15 HS 3118
Applying optimal control to atomic quantum simulators — ∙Matthias
Hüls1, Robert Zeier1, Felix Motzoi1, and Tommaso Calarco1,2,3 —
1Forschungszentrum Jülich GmbH, Peter Grünberg Institute, Quantum Control
(PGI-8), Jülich 52425, Germany — 2Institute for Theoretical Physics, Univer-
sity of Cologne, Köln 50937, Germany— 3Dipartimento di Fisica e Astronomia,
Università di Bologna, 40127 Bologna, Italy
We study how optimal control can enhance the efficiency and robustness of
atomic quantum simulators. We develop effective control pulses adapted to ex-
perimental platforms based on neutral atoms in optical lattices and Rydberg
atoms. We compare optimization techniques using model-based numerical sim-
ulations and black-box feedback directly operating on the experimental setup.
We employ the quantum-control software library QuOCS [1] which provides a
unified framework for applying control algorithms such as d-CRAB andGRAPE.
We highlight how technical and experimental challenges influence the choice of
control techniques.

[1] M. Rossignolo, T. Reisser, A. Marshall, P. Rembold, A. Pagano, P. J. Vetter,
R. S. Said, M. M. Mueller, F. Motzoi, T. Calarco, F. Jelezko, and S. Montangero,
”Quocs: The quantum optimal control suite”, Comuputer Physics Communica-
tions 291, 108782 (2023), https://doi.org/10.1016/j.cpc.2023.108782

Q 53.5 Thu 15:30 HS 3118
Simulation and optimization methods for collision gates with ultra-cold
atoms — ∙Jan Reuter1,2, Tommaso Calarco1,2,3, Felix Motzoi1,2, and
Robert Zeier1 — 1Peter Grünberg Institute - Quantum Control (PGI-8),
Forschungszentrum Jülich GmbH, Wilhelm-Johnen-Straße, 52428 Jülich, Ger-
many — 2Institute for Theoretical Physics, University of Cologne, Zülpicher
Straße 77, 50937 Cologne, Germany — 3Dipartimento di Fisica e Astronomia,
Università di Bologna, 40127 Bologna, Italy
Atoms in an optical lattice can be used for various applications of quantum tech-
nologies, including quantum simulators or quantum computers. In our study,
we simulate fermionic 6Li atoms in an optical lattice using a split-step method
to solve the Schrödinger equation in up to three dimensions. We analyze the be-
havior of one, two or three atoms in a double-well potential in a 1D-confinement
under the influence of a SWAP- or SWAP-gate. For this task, we optimize
our time-dependent controls by simulating the gradient and the Hessian ma-
trix of the quantum state with respect to these controls. Furthermore, we can
verify our results by showing that the simulation of a two-atom collision in a
1D-confinement agrees with the result of a corresponding simulation assuming
a 2D-confinement with a tight potential in one of these dimensions.
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Q 53.6 Thu 15:45 HS 3118
Optimal control methods for two-qubit gates in optical lattices — ∙Juhi
Singh1,2, Felix Motzoi1, Tommaso Calarco1,2,3, and Robert Zeier1 —
1Forschungszentrum Jülich GmbH, Peter Grünberg Institute, Quantum Control
(PGI-8), 52425 Jülich, Germany — 2Institute for Theoretical Physics, Univer-
sity of Cologne, 50937 Köln, Germany— 3Dipartimento di Fisica e Astronomia,
Università di Bologna, 40127 Bologna, Italy
We use quantum optimal control to identify fast collision-based two-qubit gates
in ultracold atoms trapped in superlattices based on classical Fermi-Hubbard
simulations. We manipulate the hopping and interaction strengths inherent in
the Fermi-Hubbard model by optimizing the lattice depth and the scattering
length. We show that a significant speedup can be achieved by optimizing the
lattice depths in a time-dependent manner, as opposed to maintaining a fixed
depth. We obtain non-adiabatic fast gates by including higher bands of the Hub-
bard model in the optimization. Furthermore, in addition to two-qubit states,
our optimized control pulses retain their effectiveness for one, three, or four
atoms in the superlattice. We compare our Fermi-Hubbard approach with real-
space simulations using Wannier functions.

Q 53.7 Thu 16:00 HS 3118
Atom transport optimization: theoretical frameworks, control algorithms,
and experimental integration. — ∙Cristina Cicali1,2, Robert Zeier1, Felix
Motzoi1,2, and Tommaso Calarco1,2,3 — 1Forschungszentrum Jülich,Peter
Grünberg Institute, QuantumControl (PGI-8), Jülich, Germany— 2Institute for
Theoretical Physics, University of Cologne, Köln, Germany— 3Dipartimento di
Fisica e Astronomia, Università di Bologna, Bologna, Italy
Ultracold atoms constitute a promising platform for quantum computing and
quantum simulation. We study the transport of individual atoms in optical

tweezers usingmethods of optimal control. As part of the BMBFproject FemiQP,
we are developing a theoretical framework for numerically optimizing atom
transport trajectories, including strategies aimed at maximizing the transport
fidelity, velocity, and robustness against experimental imperfections. Quantum
control algorithms such as the dressed-CRAB (d-CRAB) and Gradient Ascent
Pulse Engineering (GRAPE) are compared with regard to their utility to effec-
tively optimize the atom transport. In collaboration with the group Christian
Groß, optimized control protocols are adapted to the experimental platform in
Tübingen.

Q 53.8 Thu 16:15 HS 3118
Quantum Error Correction with Quantum Autoencoders — ∙Diego Al-
berto Olvera Millán1, David Locher2,3, Lorenzo Cardarelli4, Ja-
nine Hilder1, Markus Müller2,3, Ulrich Poschinger1, and Ferdinand
Schmidt-Kaler1 — 1Institut für Physik, Universität Mainz, Staudingerweg 7,
55128Mainz, Germany— 2Peter Grünberg Institute, Theoretical Nanoelectron-
ics, Forschungszentrum Jülich, D-52425 Jülich — 3Institute for Quantum In-
formation, RWTH Aachen University, D-52056 Aachen, Germany — 4Pasqal, 7
Rue Leonard de Vinci, 91300 Massy, France
Active quantum error correction is a critical element in realizing robust quantum
computation. Quantum Autoencoders have the potential for discovering error
correction algorithms [1]. Our study aims to transition this theoretical frame-
work into practical hardware implementation. Our approach involves a trainable
circuit. This parameterized ansatz was trained in a simulator backend and sub-
sequently validated on a shuttling-based trapped-ion quantum computer. Fu-
ture work will center around performing training using the Quantum computer
to evaluate the cost function and finding codes for correcting the native error
sources of the hardware.

Q 54: Quantum Optics in Space
Time: Thursday 14:30–16:30 Location: HS 3219

Q 54.1 Thu 14:30 HS 3219
Two-Beam Interference in Rindler Spacetime — ∙Yatin Kumar Jaiswal1,2
and SebastianUlbricht1,2 — 1Physikalisch Technische Bundesanstalt, Braun-
schweig, Germany — 2Technische Universität Braunschweig, Germany
The study of polarized light in curved spacetime has been a promising endeav-
our in the past with theoretical predictions like the gravitational analogue of the
Faraday effect and the Spin Hall effect. Motivated by these successes, we conduct
a similar investigation for light propagation in Earth’s gravity at laboratory scales.
One way to do that is to model Earth’s local gravity as spacetime perceived by
a homogeneously accelerated observer, i.e., the Rindler Spacetime. This model
is justified because the Equivalence Principle posits that experiments done in a
constantly accelerated frame or in a homogenous gravitational field are indis-
tinguishable. In this contribution, we study the propagation of light in Rindler
Spacetime and investigate the interference of two light waves with arbitrary po-
larizations in the Geometrical Optics regime. We present the most general ex-
pression of the Stress-Energy tensor in this spacetime to linear order in дL/c2,
where L is a typical length scale of table-top experiments. Further, we analyze
the Poynting vector, i.e., the intensity and its dependence on polarization, as well
as the orientations and wavelengths of the interfering beams.

Q 54.2 Thu 14:45 HS 3219
Space Magnetic Gradiometry using Atom Interferometers — ∙Gabriel
Müller1, Timothé Estrampes1,2, Annie Pichery1,2, Nicholas P. Bigelow3,
NaceurGaaloul1, and theCUAS Consortium3 — 1Leibniz University Han-
nover, Germany— 2Institut des Sciences Moléculaires d’Orsay, Université Paris-
Saclay, France — 3University of Rochester, USA
Quantum Sensing is becoming a valuable tool for several applications such as
gravity sensing, inertial navigation ormagnetometry. Atom Interferometry (AI),
a pillar of quantum sensing, has been successfully demonstrated in the lab and
field settings.

Here, we report on pioneering AI experiments operated in NASA’s Cold Atom
Lab (CAL) onboard the International Space Station [E. Elliott et al., Nature 623,
502 (2023)]. In this unique microgravity environment, we prepare 87Rb con-
densed clouds and utilise them in various atom interferometric schemes. This
allows to measure local magnetic potential curvatures and detect tiny residual
differential magnetic forces, thereby outperforming the sensitivity of classical
methods.

These results pave the way to future Spacemissions leveraging AI sensors such
as for SpaceMagnetometry. Moreover, we discuss strategies to overcome current
sensitivity-limiting factors by improving the AI laser beam optical quality or the
atom number as planned for the recently installed CAL upgrade ScienceModule
SM3B.

Funded by the German Space Agency (DLR) with funds under Grant No.
50WM2245A (CAL-II).

Q 54.3 Thu 15:00 HS 3219
Quantum gas mixtures in an Earth-orbiting research laboratory —
∙Annie Pichery1,2, Timothé Estrampes1,2, Gabriel Müller1, Nicholas
P. Bigelow3, Eric Charron2, Naceur Gaaloul1, and the CUAS
Consortium3 — 1Leibniz Universität Hannover,Institut für Quantenoptik,
Germany — 2Université Paris-Saclay, CNRS, Institut des Sciences Moléculaires
d’Orsay, France — 3University of Rochester, Rochester, NY, USA
The Cold Atom Laboratory (CAL) is a multi-user Bose-Einstein Condensate
(BEC) machine aboard the International Space Station, operated by NASA’s Jet
Propultion Lab. Since its upgrade in 2020, it enables the production and manip-
ulation of dual-species BECmixtures of K and Rb. We report here about the first
quantummixture experiments realized in space [E. Elliott et al., Nature 623, 502
(2023)] and study its dynamics in weightlessness to prepare dual-species atom
interferometry and future tests of the Universality of Free Fall.

Space provides, indeed, an environment where atom clouds can float for ex-
tended times of several seconds, as well as miscibility conditions different from
ground. Simulating these quantum phases and the dynamics of interacting dual
species presents however computational challenges due to the long expansion
times. We present a novel theoretical framework based on re-scaled computa-
tion grids that allowed to follow the extended free dynamics of quantummixtures
in space.

We acknowledge financial support from the German Space Agency (DLR)
with funds provided by the Federal Ministry of Economic Affairs and Energy
(BMWi) under Grant No. CAL-II 50WM2245A/B.

Q 54.4 Thu 15:15 HS 3219
Status of the Laser System for Cold Atom Experiments in BECCAL onboard
the ISS — ∙Hamish Beck1, Hrudya Thaivalappil Sunilkumar1, Marc
Kitzmann1, Matthias Schoch1, Christoph Weise1, Bastian Leykauf1,
Evgeny Kovalchuk1, Jakob Pohl1, Achim Peters1, and the BECCAL
Collaboration1,2,3,4,5,6,7,8,9,10 — 1HUB, Berlin — 2FBH, Berlin — 3JGU,
Mainz — 4LUH, Hanover — 5DLR-SI, Hanover — 6DLR-QT, Ulm — 7UULM,
Ulm — 8ZARM, Bremen — 9DLR, Bremen — 10DLR-SC, Braunschweig
The Bose-Einstein Condensate and Cold Atom Laboratory (BECCAL) is de-
signed for operation onboard the International Space Station (ISS). This multi-
user facility will enable experiments with K and Rb ultra-cold atoms and BECs
in mircogravity. Fundamental physics will be explored at longer time- and lower
energy-scales compared to those achieved on earth.

The BECCAL laser system is comprised of micro-integrated diode lasers,
miniaturized free-space optics on Zerodur boards, and a system of fibres to bring
light to the physics package. The design is subject to strict size, weight, and power
(SWaP) constraints, and the operation of the system is supported by extensive
ground-based systems.
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An update on the progress of the laser systemwill be given, touching upon the
flight model design and the status of ground-based systems built from commer-
cial components.

This work is supported by the DLR with funds provided by the BMWK under
grant number 50WP2102.

Q 54.5 Thu 15:30 HS 3219
Compact and robust design of a crossed optical dipole trap for space ap-
plication — ∙Jan Simon Haase1, Janina Hamann1, Alexander Fieguth2,
Jens Kruse2, Carsten Klempt1,2, and The INTENTAS Team1 — 1Institut für
Quantenoptik, Leibniz Universität Hannover, Welfengarten 1, 30167 Hannover
— 2DLR Institut für Satellitengeodäsie und Inertialsensorik, Callinstraße 30b,
30167 Hannover
Towards the implementation of atom interferometry in commercial sensors, im-
provements of the current systems in compactness and robustness are a next
necessary step. Also, for applications in space it is urgent to compactify the sen-
sors and make them robust against accelerations and vibrations.

In the INTENTAS project (Interferometry with entangled atoms in space)
evaporative cooling in a novel, optical dipole trap will be used to create Bose-
Einstein condensates in a microgravity environment. The project will demon-
strate a compact source of entangled atoms in the Einstein-Elevator, a micro-
gravity platformwhich allows zero-gravity tests for up to 4 s. The planned exper-
iments will pave the way to employ entangled atomic sources for high-precision
interferometry in space applications.

In this talk, the novel design of the optical dipole trap is presented. Simulations
of the beam deformation and measurements from first flight tests are shown.

Q 54.6 Thu 15:45 HS 3219
QUBE-II: Towards Quantum Key Distribution between a CubeSat and
Ground — ∙Jonas Pudelko for the QUBE-II-Collaboration — Friedrich-
Alexander-Universität Erlangen-Nürnberg, Lehrstuhl für optische Quanten-
technologien, Staudtstr. 7/B2, D-91058 Erlangen, Germany — Max Planck In-
stitute for the Science of Light, Staudtstr. 2, D-91058 Erlangen, Germany
The limited range of quantum key distribution (QKD) in fiber based systems has
led to several projects aiming for the development of a satellite based QKD in-
frastructure, like the MICIUS mission, which impressively demonstrated QKD
on a global scale. However, the high costs of satellite launches for such a system
can be reduces dramatically by further reduction in size, weight and power.

The QUBE-II mission is designed to perform the first QKD exchange between
a small 8U CubeSat (10 × 20 × 40 cm3) and a ground station. Based on the pre-
decessor mission QUBE, two enhanced integrated QKD transmitters implement
polarization and phase based versions of the BB84 decoy protocol. Both trans-
mitters aremanaged by a protocol board, which is using a photonically integrated
quantum random number generator as an entropy source. The quantum states
are transmitted via an optical telescope with aperture size of 80 mm, which is

also used to establish a bi-directional classical data link for post processing.
In this work, we will present the mission concept and discuss the challenges

of performing quantum optic experiments on a CubeSat in space.

Q 54.7 Thu 16:00 HS 3219
Time Synchronization in Satellite and Long Distance Quantum Com-
munication — ∙Pritom Paul1,2, Christopher Spiess1,2, and Fabian
Steinlechner1,2 — 1Fraunhofer Institute for Applied Optics and Precision En-
gineering, Albert-Einstein-Str. 07, 07745 Jena, Germany. — 2Friedrich Schiller
University, Institute of Applied Physics, Albert-Einstein-Str. 15, 07745 Jena, Ger-
many.
To establish quantum communication, it is crucial to accurately identify and
resolve single photon detection events. Issues arise in space-based and long-
distance quantum communication systems, where achieving secure communi-
cation and picosecond timing accuracy is hindered by low signal-to-noise ratio
resulting from propagation loss and atmospheric turbulence. The signal to noise
ratio of the synchronization signal improves by the introduction an attenuated
pulsed laser from which the timing offset could be determined by its own sin-
gle photon detection events. Using time multiplexing, the pulsed signal can be
isolated from the quantum signal, thereby facilitating the identification of syn-
chronization windows within the detected signal.

In this work we develop a synchronization protocol involving an attenuated
pulsed laser combined to the output of an entangled photon source and detected
using superconducting nanowire single-photon detectors. Next, we introduce
channel losses to emulate a real-world quantum network. This reflects scenarios
with substantial node distances, incorporating losses attributed to atmospheric
turbulence, particularly in the context of satellite and free space-based networks.

Q 54.8 Thu 16:15 HS 3219
Angular Bloch Oscillations and their applications — ∙Bernd Konrad and
Maxim Efremov — German Aerospace Center (DLR), Institute of Quantum
Technologies, 89081 Ulm, Germany
Inspired by the fast-developing field of compact andmobile quantum sensors for
space- and ground-based applications, we propose a new concept for measuring
the angular acceleration of external rotation. For this, we study the dynamics of
ultra-cold atoms in a toroidal trap with additional modulation along the angular
direction, realized in labs with the superposition of two Laguerre-Gauss (LG)
beams with indices l and −l. In the presence of external rotation with small
angular acceleration, or by having a well-controllable chirp between the two LG
beams, our system is shown to display a new phenomenonwe name as the Angu-
lar BlochOscillations (ABOs). In addition, we show that ABOs can be utilized (i)
to precisely transfer certain angular momenta (multiples of 2lħ) from the field
to trapped atoms, by using the slowly varying chirp, and (ii) to determine the
angular acceleration of the external rotation, by measuring the Bloch period of
ABOs.

Q 55: Poster VI
Time: Thursday 17:00–19:00 Location: Tent B

Q 55.1 Thu 17:00 Tent B
Enhanced laser systems for photoassociation spectroscopy and coldHg atoms
— ∙Rudolf Homm and Thomas Walther — Technische Universität Darm-
stadt, Institut für Angewandte Physik, Laser und Quantenoptik, Schlossgarten-
straße 7, 64289 Darmstadt
Cold Hg atoms in a magneto-optical trap offer opportunities for various experi-
ments. The two stable fermionic isotopes are of interest for a new time standard
based on an optical lattice clock employing the 1S0 -

3P0 transition at 265.6 nm.
All stable isotopes can be used to form ultracold Hg dimers by photoassociation
combined with vibrational cooling by applying a specific excitation scheme.

Our experimental setup consists of two UV laser systems and a magneto-
optical trap for Hg atoms with a 2D-MOT for preselection of the desired iso-
topes. Both laser systems consist of a MOFA setup followed by two successive
frequency doubling stages.

The cooling laser aims for stabilization at a fixed frequency and high output
power. Therefore, we use Doppler-free saturation spectroscopy and a frequency
doubling stage with an elliptical focus in the crystal. We can now produce more
than 1 W at 253.7 nm without any sign of degradation in the BBO crystal.

We improved the output power of the spectroscopy laser to over 200 mW at
254.1 nm and are installing a feed-forward setup for the frequency doubling cav-
ities to match the tuning range of the ECDL.
We will report on the status of the experiments.

Q 55.2 Thu 17:00 Tent B
Machine Learning techniques in Quantum Gas Transport Experiments —
∙Gabriel Müller1, Victor J. Martínez-Lahuerta1, Philipp-Immanuel
Schneider2,3, Ivan Sekulic2,3, and NaceurGaaloul1 — 1Leibniz University

Hannover, Germany — 2JCMwave GmbH, Berlin, Germany — 3Zuse Institute
Berlin, Germany
Precision atom interferometry (AI) requires an accurate quantum state engineer-
ing of the atomic ensembles at the input port. With Bose-Einstein Condensates
(BECs), quick and robust transports have been experimentally realised using
shortcut to adiabaticity (STA) protocols [N. Gaaloul et al., Nature communica-
tions 13(1), 7889 (2022)]. These STA protocols, however, as well as alternative
approaches featuring Optimal Control Theory (OCT) [S. Amri et al. Scientific
Reports 9(1), 5346 (2019)], are either limited by approximations to avoid expen-
sive computations or by a limited number of control parameters.

To address these limitations, we propose a novel approach that utilises
Bayesian optimisation with Gaussian processes as machine learning surrogates.
We evaluate its level of control in comparison to STA and OCT methods and
later extend the application to reduce the amount of approximations and open
up more degrees of freedom.

Once these methods are verified, one could consider dual-species transport
and improve its robustness by taking into account experimental imperfections
on ground and in microgravity.

Funded by the German Space Agency (DLR) with funds under Grant No.
50WM2253A/B (AI-quadrat).

Q 55.3 Thu 17:00 Tent B
Preparation and Adaptation for the Integration of the BECCAL Laser
System — ∙Marc Kitzmann1, Matthias Schoch1, Christoph Weise1,
Hamish Beck1, Hrudya Thaivalappil Sunilkumar1, Bastian Leykauf1,
Evgeny Kovalchuk1, Jakob Pohl1, Achim Peters1, and the BECCAL
Collaboration1,2,3,4,5,6,7,8,9,10 — 1HUB, Berlin — 2FBH, Berlin — 3JGU,
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Berlin— 4LUH,Hannover— 5DLR-SI,Hannover— 6DLR-QT,Ulm— 7UULM,
Ulm — 8ZARM, Bremen — 9DLR, Bremen — 10DLR-SC, Braunschweig
The Bose-Einstein Condensate and Cold Atom Laboratory (BECCAL) is a cold
atom experiment designed for operation onboard the ISS. This multi-user fa-
cility will enable the exploration of fundamental physics with Rb and K BECs
and ultra-cold atoms in microgravity, facilitating prolonged time- and ultra-low
energy scales.

BECCALmust be operable without intervention for three years on the ISS. To
reach that goal and match the stringent SWaP limitations, we have to fulfill strict
product assurance requirements for the complex laser system. This not only in-
volves higher cleanliness and ESD standards but also demands a meticulous in-
tegration process. To navigate this, the use of prototypes becomes imperative. In
this context, the first essential integration tests, along with the adaptations made,
based on the experience gained, will be presented.

This work is supported by the DLR with funds provided by the BMWK under
grant number 50WP2102.

Q 55.4 Thu 17:00 Tent B
Optical zerodur bench system for the BECCAL ISS quantum gas experiment
— ∙Faruk Alexander Sellami1, André Wenzlawski1, Esther del Pino
Rosendo1, JeanPierreMaburger1, OrtwinHellmig2, Klaus Sengstock2,
Patrick Windpassinger1, and THE BECCAL TEAM1,2,3,4,5,6,7,8,9,10,11 —
1Institut für Physik, JGU Mainz — 2ILP, Universität Hamburg — 3Institut für
Physik, HUB — 4FBH, Berlin — 5IQ & IMS, LUH, Hannover — 6ZARM, Bre-
men— 7Institut für Quantenoptik, Universität Ulm— 8DLR-SC, Braunschweig
— 9DLR-SI, Hannover — 10DLR-QT, Ulm — 11OHB-SE, Bremen
The NASA-DLR collaboration BECCAL will be a multi-user-multi-purpose fa-
cility for the study of Bose Einstein Condensates in the microgravity environ-
ment of the International Space station. Its laser system provides light distri-
bution and frequency stabilization and must be robust and compact to with-
stand the rocket launch and temperature fluctuations during the runtime on the
ISS. To this end a toolkit based on the glass ceramic Zerodur is developed, that
has already successfully been used on numerous space missions like FOKUS,
KALEXUS or MAIUS. This poster discusses the optical modules developed and
tested for BECCAL. Our work is supported by the German Space Agency DLR
with funds provided by the Federal Ministry for Economic Affairs and Energy
(BMWK) under grant number 50 WP1433, 50 WP 1703 and 50 WP 2103.

Q 55.5 Thu 17:00 Tent B
Purcell modified Doppler cooling of quantum emitters inside optical cavities
— ∙Julian Lyne1,2, Nico Bassler1,2, Seong eun Park3, Guido Pupillo4, and
ClaudiuGenes2,1 — 1Department of Physics, Friedrich-Alexander-Universität
Erlangen-Nürnberg, Staudtstraße 7, D-91058 Erlangen, Germany — 2Max
Planck Institute for the Science of Light, D-91058 Erlangen, Germany —
3Daegu Gyeongbuk Institute of Science and Technology,333 Techno jungang-
daero, Hyeonpung-eup, Dalseong-gun, Daegu, South Korea — 4Centre Eu-
ropéen de Sciences Quantiques (CESQ), Institut de Science et d’ Ingénierie
Supramoléculaires (ISIS) (UMR7006) and Atomic Quantum Computing as
a Service (aQCess), University of Strasbourg and CNRS, Strasbourg 67000,
France
Standard cavity cooling of atoms or dielectric particles is based on the action
of dispersive optical forces in high-finesse cavities. We investigate here a com-
plementary regime characterized by large cavity losses, resembling the standard
Doppler cooling technique. For a single two-level emitter a modification of the
cooling rate is obtained from the Purcell enhancement of spontaneous emission
in the large cooperativity limit. This mechanism is aimed at cooling of quan-
tum emitters without closed transitions, which is the case for molecular systems,
where the Purcell effect can mitigate the loss of population from the cooling cy-
cle. We extend our analytical formulation to the many particle case governed by
weak individual coupling but exhibiting collective strong Purcell enhancement
to a cavity mode.

Q 55.6 Thu 17:00 Tent B
Laser system Designs in BECCAL for Cold Atom Experiments on ISS
— ∙Hrudya Thaivalappil Sunilkumar1, Jakob Pohl1,2, Matthias
Schoch1, Christoph Weise1, Hamish Beck1, Marc Kitzmann1, Bas-
tian Leykauf1, Evgeny Kovalchuk1, Achim Peters1,2, and The BEC-
CAL Collaboration1,2,3,4,5,6,7,8,9,10 — 1HUB, Berlin — 2FBH, Berlin —
3JGU, Mainz — 4LUH, Hannover — 5DLR-SI, Hannover — 6DLR-QT, Ulm —
7UULM, Ulm — 8ZARM, Bremen — 9DLR, Bremen — 10DLR, Braunschweig
Bose-Einstein Condensate andCold AtomLaboratory (BECCAL) is amulti-user
facility designed for operation on the ISS. This DLR and NASA collaboration en-
ables the exploration of fundamental physics with Rb and K BECs and ultra-cold
atoms in microgravity, facilitating prolonged timescales and ultra-low energy
scales.

A ground-based replicate of the apparatus must also be built to support the
operation of the flying experiment. The size, weight, and power constraints of
such a Ground-based Test Bed (GTB) are relaxed, and so the laser systemmay be
made from Commercial Off-The-Shelf (COTS) components. The design of this

GTB laser system will be presented alongside the design of the flight hardware
for a direct comparison.

Funding by DLR / BMWK grant numbers 50 WP 2102, 2103, 2104.

Q 55.7 Thu 17:00 Tent B
Two-dimensional gratingmagneto-optical trap— ∙JosephMuchovo1, Hen-
drik Heine1, AadityaMishra1, Julian Lemburg1, Kai-Christian Bruna1,
Waldemar Herr1,2, Christian Schubert1,2, and Ernst M. Rasel1 —
1Leibniz Universität Hannover, Institut für Quantenoptik — 2Deutsches Zen-
trum für Luft- und Raumfahrt e.V. (DLR), Institut für Satellitengeodäsie und
Intertialsensorik (SI)
Ultracold atoms provide exciting opportunities for matterwave interferometry
and tests of fundamental physics. When used as separate source chambers, Two-
dimensional (2D) magneto-optical traps MOTs are advantageous in pre-cooling
and faster loading of atoms to three-dimensional grating MOTs. To realise field
applications of quantum sensors utilising cold atoms, there is need for simpler,
more efficient and more compact sources.

In this poster, we will present the design, simulation and implementation of a
2D grating MOT requiring only a single input cooling beam. This will lead to a
robust, compact and efficient source of ultracold atoms that can be used in field
and space applications.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the Federal Ministry for Economic Affairs and Climate protection
(BMWK) due to the enactment of the German Bundestag under grant number
DLR 50RK1978 (QCHIP) and by the German Science Foundation (DFG) under
Germany’s Excellence Strategy - EXC-2123 QuantumFrontiers - 390837967.

Q 55.8 Thu 17:00 Tent B
Chip-Scale Quantum Gravimeter — ∙Julian Lemburg1, Hendrik Heine1,
Joseph Muchovo1, Aaditya Mishra1, Kai-Christian Bruns1, Ernst M.
Rasel1, WaldemarHerr1,2, and Christian Schubert1,2 — 1Leibniz Univer-
sität Hannover, Institut für Quantenoptik — 2Deutsches Zentrum für Luft- und
Raumfahrt (DLR), Institut für Satellitengeodäsie und Inertialsensorik (SI)
Atom interferometry with Bose-Einstein condensates enables very precise mea-
surements of gravity with residual uncertainties on the order of nm/s2. A low
size, weight, and power consumption are essential for potential applications like
ground or space-borne geodesy. This challenge can be tackled by using atom
chips as they offer the desired magnetic fields at low power. Additionally, the
atom chip can be equipped with a grating to facilitate the creation of a magneto-
optical trap with a single beam or with a mirror for Raman interferometry.

In this poster, wewill present a concept for a novel atom chip that combines the
features of the grating and the mirror, that allows us to reduce the sensor head to
shoe-box size. With this novel atom chip and an additional relaunch scheme an
innovative single-beam quantum gravimeter is envisaged. Through the minia-
turization and reduction of complexity of the sensor head, the transportability
and usability of the quantum gravimeter are enhanced and ease in-field opera-
tions.

This work is funded by the German Research Foundation (DFG) in the CRC
1464 "TerraQ" (Project A03) and under Germany’s Excellence Strategy (EXC
2123) "QuantumFrontiers".

Q 55.9 Thu 17:00 Tent B
Assessing interactions of Rb vapor withmirror coatings— ∙ConstantinAv-
vacumov, Alexander Herbst, Klaus Zipfel, Ali Lezeik, Dorothee Tell,
Jonas Klussmeyer, and Dennis Schlippert— Leibniz Universität Hannover,
Institut für Quantenoptik
Atom interferometers are effective tools for fundamental research and geodesy
applications, e.g. for gravimetry. Fundamentally, quantum projection noise mo-
tivates the development of high-flux sources of cold atoms. A typical first cooling
stage is a two-dimensional magneto-optical trap (2D-MOT). In recent years, at-
tempts to improve on 2D-MOTs’ SWaP (size, weight, and power) budget raised
questions regarding the compatibility of high-quality optical coatings exposed
to alkali vapor, e.g. rubidium or potassium.

In this work, we systematically analyse the interaction of Rb vapor with highly
reflective coating materials (gold, silver, aluminium, dielectric coatings). Our
mirror testing setup enables simultaneous exposure of multiple mirror samples
to a high flux of Rb atoms and measurement of their reflectivity degradation as
a function of time and alcali partial pressure. The results will yield better under-
standing of the reactivity of alkali vapor with various materials and will thus be
useful for future compact quantum optical experiments.

Q 55.10 Thu 17:00 Tent B
Comparison of Laser systemDesigns inBECCAL forColdAtomExperiments
on ISS — ∙Hrudya Thaivalappil Sunilkumar1, Hamish Beck1, Marc
Kitzmann1, Matthias Schoch1, Christoph Weise1, Bastian Leykauf1,
Evgeny Kovalchuk1, Jakob Pohl1, Achim Peters1, and The BECCAL
Collaboration1,2,3,4,5,6,7,8,9,10 — 1HUB, Berlin — 2FBH, Berlin — 3JGU,
Mainz — 4LUH, Hannover — 5DLR-SI, Hannover — 6DLR-QT, Ulm —
7UULM, Ulm — 8ZARM, Bremen — 9DLR, Bremen — 10DLR- SC, Braun-
schweig
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Bose-Einstein Condensate andCold AtomLaboratory (BECCAL) is amulti-user
facility designed for operation on the ISS. This DLR and NASA collaboration en-
ables the exploration of fundamental physics with Rb and K BECs and ultra-cold
atoms in microgravity, facilitating prolonged timescales and ultra-low energy
scales.

A ground-based replicate of the apparatus must also be built to support the
operation of the experiment. The size, weight, and power constraints of such a
Ground-based Test Bed (GTB) are relaxed, and so the laser systemmay be made
from Commercial Off-The-Shelf (COTS) components. The design of this GTB
laser system will be presented alongside the design of the flight hardware for a
direct comparison.

This work is supported by the DLR with funds provided by the BMWK under
grant number 50WP2102.

Q 55.11 Thu 17:00 Tent B
Driving Raman transitions using a nano-structured atom chip — ∙Kai-
Christian Bruns1, Julian Lemburg1, Hendrik Heine1, JosephMuchovo1,
Aaditya Mishra1, Waldemar Herr2, Christian Schubert2, and Ernst
M. Rasel1 — 1Leibniz Universität Hannover, Institut für Quantenoptik —
2Deutsches Zentrum für Luft- und Raumfahrt (DLR), Institut für Satelliten-
geodäsie und Inertialsensorik (SI)
In the field of quantum sensing, atom interferometers are a crucial tool for high-
resolution measurements. Unfortunately, current systems remain bulky and
power consuming making them unreliable for field applications. Grating atom
chips simplify quantum sensors by enabling the trapping of atoms in aMOTwith
a single incident beam.

In this poster, we show measurements of Raman transitions on an atom chip
with a grating with a single incidentmodulated laser beam as well as simulations,
which support the results. Using the diffracted beams from the grating in combi-
nation with the incoming beam, we can drive Raman transitions along different
axes allowing for the construction of a compact multi-axis atom interferometer.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the Federal Ministry for Economic Affairs and Climate protection
(BMWK) due to the enactment of the German Bundestag under grant num-
ber DLR 50WM1947 (KACTUS II), by the German Research Foundation (DFG)
in the CRC 1464 ’TerraQ’ (Project A03) and from ’QVLS-Q1’ through the VW
foundation and the ministry for science and culture of Lower Saxony.

Q 55.12 Thu 17:00 Tent B
The MAIUS-2 laser system — ∙Pawel Arciszewski1, Klaus Döringshoff1,
Achim Peters1, and The MAIUS Team1,2,3,4,5 — 1Institut für Physik,
Humboldt-Universität zu Berlin — 2Ferdinand-Braun-Institut, Berlin —
3ZARM, Zentrum für Angewandte Raumfahrttechnologie und Mikrogravita-
tion, Bremen — 4Institut für Physik, JGU Mainz — 5IQO, Leibniz Universität
Hannover
The first production of a Bose-Einstein condensate in space carried out in the
MAIUS-1 sounding rocket mission in January 2017 paved the way for more ad-
vanced experiments with ultra-cold matter in space. The goal of the MAIUS-2
mission is the creation of mixtures of ultra-cold rubidium and potassium atoms
onboard a sounding rocket.

To this end, an advanced laser system was developed, that can provide the
light required for simultaneous laser cooling of rubidium and potassium as well
as imaging of the Bose-Einstein condensates. The system was realized and qual-
ified to meet the demands of a sounding rocket mission.

We report on the performance of the system, its assembly process, the used
technologies as well as tests carried out to assure that the laser system can face
the needs of the mission.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the Federal Ministry of Economics and Technology (BMWi) under
grant number 50WP1432.

Q 55.13 Thu 17:00 Tent B
PRIMUS - all-optical source of ultracold rubidium atoms for micrograv-
ity — ∙Marian Woltmann1, Jan Eric Stiehler1, Marius Prinz1, Sven
Herrmann1, and The PRIMUS-Team1,2 — 1Center of Applied Space Technol-
ogy and Microgravity (ZARM), University of Bremen, Germany — 2Institute of
Quantum Optics, LU Hannover, Germany
Atom interferometers based on ultracold atoms have proven to be effective tools
in measuring weakest forces. As their sensitivity scales with the squared interro-
gation time, the application of matter wave interferometers in microgravity of-
fers the potential of highly increased sensitivities. While many cold-atom based
microgravity-experiments use magnetic chip traps, the PRIMUS-project devel-
ops an all-optical trap as an alternative source of ultracold rubidium atoms in
a drop tower experiment. Solely using optical potentials offers unique advan-
tages, e.g. improved trap symmetry, trapping of all magnetic sub-levels and the
accessibility of Feshbach resonances. We demonstrated rapid Bose-Einstein con-
densation of 87Rb in less than two seconds on ground while now focusing on the
optimization for an efficient preparation in microgravity. The PRIMUS-project
is supported by the German Space Agency DLR with funds provided by the Fed-

eralMinistry for Economic Affairs andClimate Action under grant numberDLR
50 WM 2042.

Q 55.14 Thu 17:00 Tent B
Experimental realization of a two-dimensional sodiumpotassiummixture—
∙Brian Bostwick, Anton Eberhardt, Malaika Göritz, Lilo Höcker, Jan
Kilinc, Helmut Strobel, and Markus K. Oberthaler — Kirchhoff Institut
für Physik, Heidelberg, Deutschland
Multiple-species Bose-Einstein condensates provide versatile platforms for
many-body quantum dynamics. Mixtures of sodium and potassium are particu-
larly attractive due to the substantial interspecies and intraspecies Feshbach res-
onances, providing a broad range of tunability via magnetic fields. Experiments
in reduced dimensions enable probing the excitations on the atomic cloud with
high spatial resolution. We show the latest developments of our experimental
setup for the production and imaging of a dual-species Bose-Einstein conden-
sate in 2D.

Q 55.15 Thu 17:00 Tent B
An ion-trap chip with integrated elements for a scalable quantum proces-
sor— ∙Benjamin Bürger, Ivan Boldin, ChristofWunderlich, Saptarshi
Biswas, and Daniel Busch—University of Siegen, Germany
Scaling up a trapped ion-based quantum information processing to hundreds
of qubits could be achieved by arranging several trapping zones on an ion-trap-
chip. The zones can be entangled by means of shuttling ions between the zones
[1]. Here, we use hyperfine levels as qubits of 171Yb+ ions trapped in a planar
microstructured trap with MAgnetic Gradient Induced Coupling (MAGIC) be-
tween them [2]. We report on the design and characterization of this novel trap
chip that includes an integrated microwave electrode for efficient single-qubit
manipulations, permanent magnets for creating a field gradient of 100 T/m re-
quired formulti-qubit gates viaMAGIC, and an ion transport zone for testing the
qubit coherence properties when shuttling the ion in and out of the interaction
zone. The trap chip is designed to serve as a basis for a up-scalable device.

[1] D. Kielpinski, C. Monroe and D. J. Wineland, Nature 2002
Vol. 417 Pages 709-711
[2] Piltz et al 2016

Q 55.16 Thu 17:00 Tent B
Towards Sympathetic Cooling of Ytterbium Ions Using Sub-Doppler Cooled
Barium Ions in aNovel PlanarMicro-Structured Segmented Linear Paul Trap
— ∙Pedram Yaghoubi, Florian Köppen, Ernst Alfred Hackler, Dorna
Niroomand, Michael Johanning, and Christof Wunderlich — Depart-
ment of Physics, School of Science and Technology, University of Siegen, 57068
Siegen, Germany
Sympathetic cooling of trapped ions in an inhomogeneous magnetic field is im-
portant for various applications in quantum information processing, quantum
simulation, and precisionmeasurements. Wework towards sub-Doppler cooling
of Barium ions and their use for sympathetically cooling Ytterbium ions [1]. We
use a novel planar micro-structured segmented linear Paul trap to trap Yb+ and
Ba+ ions simultaneously. Two schemes for Electromagnetically Induced Trans-
parency (EIT) cooling tailored to the use in inhomogeneous magnetic fields are
investigated, the first one takes advantage of Zeeman sublevels of the S1/2-P1/2
transition, and the second includes sublevels of the D3/2 state in 138Ba+. We
showcase the outcomes of numerical simulations for various cooling methods,
indicating that ions can achieve mean phonon numbers of 0.9 at rates of a few
kHz in the axial mode at 150 kHz secular trap frequency. Furthermore, details
of the experimental setup and first measurement results are presented. Specifi-
cally, we investigate tailored EIT cooling schemes in the absence and presence of
magnetic field gradients.

[1] K. Sosnova, et al., Physical Review A 103, 012610 (2021)

Q 55.17 Thu 17:00 Tent B
Elements for quantum computing with trapped ions using cryogenic elec-
tronics— ∙RodolfoMunoz-Rodriguez, DornaNiroomand, Ivan Boldin,
Daniel Busch, Patrick Huber, Markus Nünnerich, and Christof Wun-
derlich — Department of Physics, School of Science and Technology, Univer-
sity of Siegen, 57068 Siegen, Germany
Coherently controlling internal and motional degrees freedom of trapped ions
is a prerequisite for using them for quantum information processing. Scaling up
ion traps such that control of a large number of ions becomes possible requires
typically excellent vacuum (XHV) and low heating rates of the ions motion, both
are achieved in a cryogenic environment. At the same time, electronics gener-
ating electro-magnetic fields for ion control should be placed on or near micro-
structured traps.

We set up an apparatus for investigating cryogenic (4 K) planar ion traps with
electrodes controlled by cryogenic digital-to-analog-converters (DACs). Our
trap chip architecture includes elements for creating a static magnetic field gra-
dient which allows the use of radio frequency fields for coherent control. The
integrated DACs allow for flexibly shaping the trapping potential for the tar-
geted control and optimization of the interaction between ions for specific gate
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operations, and transport ions between different trapping zones. The first trap
generation will consist of a single layer metallization layer, a single processing
zone, 26 DC electrodes and a combination of integrated and external DACs.

Q 55.18 Thu 17:00 Tent B
Double imaging and stray light suppression for a multi species Paul trap for
quantum computing — ∙Ernst Alfred Hackler, Pedram Yaghoubi, Flo-
rian Köppen, Hendrik Siebeneich, and Christof Wunderlich — Depart-
ment of Physics, School of Science and Technology, University of Siegen, 57068
Siegen, Germany
Multi-species ion crystals are useful, for example, for quantum information pro-
cessing with trapped ions or for quantum logic spectroscopy. Here, we report on
the development and performance of an imaging system for mixed ion crystals
of Barium and Ytterbium ions. Since the wavelengths of the resonance fluores-
cence of these two ion species are far apart (369 nm and 493 nm, respectively),
dispersion in a refractive imaging system has to be considered. To image both
species simultaneously, a double imaging system was designed and built, taking
into account dispersion and chromatic aberrations. At the same time, this set-
up efficiently suppresses stray light. In this poster, I present the simulation and
measurement results that were used to quantify the performance of this set up.

Q 55.19 Thu 17:00 Tent B
Towards a Quantum Gas Microscope for fermionic NaK molecules —
∙Leonard Bleiziffer, Shrestha Biswas, Sebastian Eppelt, Xingyan Chen,
Christine Frank, TimonHilker, Immanuel Bloch, and Xinyu Luo—Max
Planck Institute for Quantum Optics, Garching, Germany
This poster presents the development of a quantum gas microscope tailored for
fermionic sodium-potassium (NaK) molecules in an optical lattice. Our ap-
proach involves disassembling themolecules and then applying Raman Sideband
cooling to the potassium atoms. This technique will enable the imaging of potas-
sium atoms through the utilization of thousands of scattered photons, ensuring
their retention within the lattice despite the heating due to photon recoil. We
address the challenges associated with implementing Raman sideband cooling
in such a setup, particularly the required Raman-and repumper-beams apparent
from the hyperfine fermionic potassium level structure. Also, we describe the
plan for a modification of the optical lattice into a deep, bow-tie configuration
to reach the Lamb-Dicke regime necessary for Raman Sideband cooling. As a
demonstrative example, we want to explore the long-range XY model, which is
particularly noteworthy as it can only be simulated in the context of the long-
range interactions characteristic of polar molecules, a feat not achievable with
standard atomic quantum simulators. We currently work on a tensor-network
simulation of the long-range XY model showcasing the dynamics of the global
spin-polarization that we later want to compare to the quantum simulation uti-
lizing the new Quantum gas microscope.

Q 55.20 Thu 17:00 Tent B
Non-abelian invariants in periodically-driven quantum rotors — ∙Volker
Karle, AregGhazaryan, and Mikhail Lemeshko— Institute of Science and
Technology Austria, Am Campus 1, 3400 Klosterneuburg
This poster explores the role of topological invariants in the non-equilibrium
dynamics of periodically-driven quantum rotors, inspired by experiments on
closed-shell diatomicmolecules driven by periodic, far-off-resonant laser pulses.
This approach uncovers a complex phase space with both localized and delocal-
ized Floquet states. We demonstrate that the localized states are topological in
nature, originating from Dirac cones protected by reflection and time-reversal
symmetry. These states can be modified through laser strength adjustments,
making them observable in current experiments through molecular alignment
and observation of rotational level populations. Notably, in scenarios involving
higher-order quantum resonances leading to multiple Floquet bands, the topo-
logical charges become non-Abelian. This results in the remarkable finding that
the exchange of Dirac cones across different bands is non-commutative, enabling
non-Abelian braiding, paving the way for the study of controllable multi-band
topological physics in gas-phase experiments with small molecules, as well as for
classifying dynamical molecular states by their topological invariants.

Q 55.21 Thu 17:00 Tent B
Signatures of many-body localization in a two-dimensional lattice of ultra-
cold polar molecules with disordered filling — ∙Timothy J. Harris1,2,3, An-
drew J. Groszek1, Arghavan Safavi-Naini4,5, and Matthew J. Davis1 —
1ARC Centre of Excellence for Engineered Quantum Systems, School of Mathe-
matics and Physics, University of Queensland, Brisbane, QLD 4670, Australia
— 2Department of Physics and Arnold Sommerfeld Center for Theoretical
Physics, Ludwig-Maximilians-Universität München, 80333 München, Germany
— 3Munich Center for Quantum Science and Technology, 80799München, Ger-
many— 4Institute forTheoretical Physics, Institute of Physics, University of Am-
sterdam, Science Park 904, 1098 XH Amsterdam, the Netherlands — 5QuSoft,
Science Park 123, 1098 XG Amsterdam, the Netherlands
We present our work exploring many-body localization (MBL) in systems of ul-
tracold polar molecules confined to a two-dimensional (2D) optical lattice with

disordered filling. We perform large-scale exact diagonalization simulations to
characterize the dynamics and eigenstate properties of the system. We observe
several key signatures of MBL as the relative strength of the spin-density inter-
actions is increased, including retention of initial state memory in the system’s
long-time dynamics, logarithmic growth of bipartite entanglement entropy and
a transition to Poissonian level-spacing statistics. Our predictions may be re-
alised in state-of-the-art quantum gasmicroscope experiments with alkali-metal
dimers, and open exciting new avenues to explore non-equilibrium many-body
physics with ultracold polar molecules.

Q 55.22 Thu 17:00 Tent B
Evaluation of the potential of PL5-7 centers in 4H-SiC for spin-based quan-
tum sensing — ∙Raphael Wörnle1, Jonathan Körber1, Timo Steidl1,
GeorgyAstakhov2, FlorianKaiser1,3, and JörgWrachtrup1 — 13rd Insti-
tute of Physics, IQST and Research Centre SCoPE, University of Stuttgart, ZAQ,
Stuttgart, Germany — 2Helmholtz-Zentrum Dresden-Rossendorf, Institute of
Ion Beam Physics andMaterials Research, Dresden, Germany— 3MRTDepart-
ment, Luxembourg Institute of Science and Technology, Belvaux, Luxembourg
4H-silicon carbide (SiC) has emerged as a promising platform to host point de-
fects with possible applications in quantum technologies, such as distributed
quantum computing or sensing. However, the typically detected spin signal con-
trast of color centers in SiC and the count rates are quite low.

Recently, divacancies located near stacking faults in 4H-SiC (PL5- 7 centers)
have drawn considerable attention. They impress with a high readout contrast
and a high photon count rate, making them competitive with the NV center in
diamond. However, as the defects are relatively new, their theoretical properties
are unexplored and their creation is not yet deterministically possible.

Here, we present the generation of PL5-7 centers through ion irra- diation
and characterize their spin properties via optically detected magnetic resonance
(ODMR) and pulsed measurements at room tem- perature. Further, we show
the coupling between a nuclear spin and single defect spins.

Q 55.23 Thu 17:00 Tent B
Computer Simulation Framework for coherent two-dimensional electronic
Spectroscopy — ∙Joel Ströhmann and Mario Agio — Laboratory of Nano
Optics, Universität Siegen, Siegen, Germany
2D spectroscopy represents the electric field intensity as a correlationmap of two
independent variables, e.g. the excitation and emission frequency of a quantum
system. This allows the deconvolution of different spectral features along the sec-
ond axis, in particular the presence of coherent couplings in off-diagonal peaks
between the coupled states. My masters project was to summarize the mathe-
matical formulation of the optical response function for an arbitrary pulse trail
based on perturbation theory and develop a software framework for the auto-
mated computation of the optical response. The system’s properties and the pulse
shape are provided as external parameters to the software and the numerical sim-
ulation is carried out either with full integration over the pulse envelope or in the
semi-impulsive limit. In particular, the computation of the optical response of an
arbitrary number of two-level systemswith arbitrary, lossless pair-wise couplings
can be computed automatically including dephasing and population relaxation
for each two-level system.

Q 55.24 Thu 17:00 Tent B
Quantum photonics using color centers in a diamond membrane coupled to
a photonic structure — ∙Surena Fatemi1,2, Aurélie Broussier2, Roy Kon-
noth Ancel2, Jan Fait3, Christophe Couteau2, and Christoph Becher1
— 1Fachrichtung Physik, Universität des Saarlandes, Campus E2.6, 66123, Saar-
brücken, Germany — 2Light, nanomaterials, nanotechnologies (L2n), EMR
CNRS 7004, Université de Technologie de Troyes (UTT) 12 rue Marie Curie, CS
42060, 10004 Troyes cedex, France. — 3FZU - Institute of Physics of the Czech
Academy of Sciences, Prague
In recent years, color centers of wide band-gap materials have drawn a lot of at-
tention due to their superior properties for quantum technologies. One of the
most interesting color center systems are the group-IV color centers in diamond
due to their long spin coherence times and excellent optical properties such as
narrow optical emission lines, high spectral stability, and bright single-photon
emission. However, one of the main obstacles for realization of a quantum de-
vice exploiting color centers is the lack of efficient out-coupling of photon emis-
sion from the diamond itself which leads to low photon rates. We consider a
group-IV color center in a diamondmembrane evanescently coupled to photonic
waveguides such as Silicon-on-Insulator and Ion-Exchanged glass waveguides.
We present design studies and simulations including the membrane geometry,
coupling interface, and waveguide structures using Finite-Element-Method sim-
ulations andMonte-Carlo optimization to improve the out-coupling of the emis-
sion in order to achieve high photon rates.
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Q 55.25 Thu 17:00 Tent B
A triggered narrow-band photon number adjustable emitter using organic
molecule— ∙YijunWang, Subhabrata Ghosh, Maximilian Luka, and Ilja
Gerhardt— Institut für Festkörperphysik, Leibniz Universität Hannover, Ap-
pelstraße 2, D-30167 Hannover, Germany
We utilize singlemoleculemicroscopy under cryogenic conditions as single pho-
ton emitters. Our near-sodium-resonance photon emitters’ robustness allows for
triggered photon emission with a narrow bandwidth and an adjustable photon
count. We implement off-resonant excitation on DBATT molecule and detect
the near-sodium resonance photons after a Faraday filter. The photons are gen-
erated with a ”button press” style and are triggered. The single photon purity is
well proved by the auto-correlation function. The photon number per ”button
press” can be adjusted by tuning an external electric field.

Q 55.26 Thu 17:00 Tent B
Organic molecule photon number adjustable quantum emitters — ∙Yijun
Wang, Subhabrata Ghosh, Maximilian Luka, and Ilja Gerhardt— Insti-
tut für Festkörperphysik, Leibniz Universität Hannover, Appelstraße 2, D-30167
Hannover, Germany
We utilize single moleculemicroscopy under cryogenic conditions to implement
non-classical photon sources. Our near-sodium-resonant photon emitters al-
low for triggered photon emission with a narrow bandwidth and an adjustable
photon number per trigger. We implement off-resonant excitation on DBATT
molecules and detect the near-sodium resonant photons behind an atomic vapor
filter based on the Faraday effect. The photons are generated in a "press-button"
style. Our emitters could behave as very good single photon emitters. The single
photon purity is well justified by the low value of д(2)(0). Alternatively, we can
adjust the photon number per "press-button" by the DC Stark shift.

Q 55.27 Thu 17:00 Tent B
Organic molecule photon number adjustable quantum emitters — ∙Yijun
Wang, Subhabrata Ghosh, Maximilian Luka, and Ilja Gerhardt— Insti-
tut für Festkörperphysik, Leibniz Universität Hannover, Appelstraße 2, D-30167
Hannover, Germany
We utilize single moleculemicroscopy under cryogenic conditions to implement
non-classical photon sources. Our near-sodium-resonant photon emitters are
based on organic molecules, and allow for triggered photon emission with a nar-
row bandwidth and an adjustable photon number per trigger. We implement off-
resonant excitation on DBATT molecules and detect the near-sodium resonant
photons behind an atomic vapor filter based on the Faraday effect. The photons
are generated in a “press-button” style. The single photon purity is well justified
by the low value of д(2)(0). Alternatively, we can adjust the photon number per
trigger by the DC Stark shift.

Q 55.28 Thu 17:00 Tent B
Homogeneous etching of nanofabricated waveguide structures in 4H-SiC
for quantum information applications — ∙Nithin Thomas Alex, Marcel
Krumrein, and Jörg Wrachtrup — 3rd Institute of Physics, IQST, and Re-
search Centre SCoPE, University of Stuttgart, Germany
Silicon Carbide (SiC) is a wide bandgap semiconductor used abundantly in high
power electronics applications. It has also found its way into the quantum in-
dustry as it can host color centers with great spin-optical properties. Integra-
tion of these defects into nanophotonic structures, such as waveguides and pho-
tonic crystal cavities (PCCs), is key to implement quantum network nodes. Even
though the research in this field is making steady progress, proper fabrication
techniques for the scalability of these structures still needs to be addressed. The
current techniques, such as using a Faraday cage, for fabricating waveguides and
PCCs with a triangular cross-section[1] lack homogenous etching on the wafer
scale. To overcome these challenges, we have been testing various recipes in the
state-of-the-art reactive ion beam etching (RIBE) device from OXFORD instru-
ments, called Ionfab 300+.

[1] S. Majety, V. A. Norman, L. Li, M. Bell, P. Saha, and M. Radulaski, *Quan-
tum photonics in triangular-cross-section nanodevices in silicon carbide,* Jour-
nal of Physics: Photonics, vol. 3, p. 34008, 2021.

Q 55.29 Thu 17:00 Tent B
Optimizing Sensing using NV-centers via Spin-to-Charge conversion —
∙Tobias Feuerbach, Nimba Pandey, Oliver Opaluch, and Elke Neu-
Ruffing — Rheinland Pfälzische Technische Universität Kaiserslautern, Fach-
bereich Physik, Erwin-Schroedinger-Str., Bau 56, Raum 278
Quantum sensing leverages quantum mechanics to achieve unprecedented lev-
els of precision in measuring physical quantities. Nitrogen-vacancy (NV) cen-
ters in diamond are among the most promising candidates in this fast-emerging
field. They can be used to measure magnetic fields, pressure and temperature,
for example. Single NV centers at room temperature have been shown to enable
measurement sensitivity in the nT/Hz range and nanoscale resolution at the
same time [1]. Despite the versatility and sensitivity of diamond-based sensors,
the inherent noise of the readout process restricts their potential. The classical
readout relies on spin state dependent fluorescence and thus is limited by photon

shot noise. Spin-to-charge conversion (SCC) based methods offer a remedy to
this issue and achieve higher readout contrast and better readout fidelity. Pre-
vious works have shown a five-fold improvement in the sensitivity using SCC
based readout [2]. In this work, we present the basic idea of SCC based readout,
and demonstrate the setup design required to enable the method. The primary
goal of the work is to utilize SCC based methods to study the host material along
with its application for different sensing protocols.

[1] Wrachtrup et al., Phys. Rev. Lett., vol.102, p.057403, Feb 2009.
[2] Walsworth et al., Phys. Rev. Appl., vol.11, p.064003, Jun 2019.

Q 55.30 Thu 17:00 Tent B
Ultrafast single-photon detection at high repetition rates based on optical
Kerr gates under focusing — ∙Amr Farrag1, Abdul-Hamid Fattah1, As-
segidMengistu Flatae1, and Mario Agio1,2 — 1Laboratory of Nano-Optics
and Cμ, University of Siegen, 57072 Siegen, Germany — 2National Institute of
Optics (INO), National Research Council (CNR), 50125 Florence, Italy
The ultrafast detection of single photons’ emitters is currently bound by the lim-
ited time resolution (a few picoseconds) of the available single-photon detec-
tors. Optical Kerr gates can offer a faster time resolution, but until now they
have been applied to ensembles of emitters. Here, we demonstrate through a
semi-analytical model that the ultrafast time-resolved detection of single quan-
tum emitters can be possible using an optical Kerr shutter at GHz rates under
focused illumination. This technique provides sub-picosecond time resolution,
while keeping a gate efficiency at around 85%.

Q 55.31 Thu 17:00 Tent B
Mobile quantum sensing setup based on Nitrogen-Vacancy centers in dia-
mond— ∙Wanrong Li1, OliverGerull1, Mike Johannes1, FlorianBöhm1,
Masazumi Fujiwara2, and Oliver Benson1 — 1Humboldt-Universität,
Berlin, Germany — 2Okayama University, Okayama, Japan
Nitrogen-Vacancy (NV) defect centers in diamonds have exhibited remarkable
quantum properties with diverse applications in quantum technology and sens-
ing. Here we introduce a mobile setup designed for efficient quantum sensing
such as on-site magnetometry based on the exceptional sensitivity of NVs to
magnetic fields at the nanoscale. We measured the Optically Detected Magnetic
Resonance (ODMR) [1] spectra of NVs, by sweeping the microwave frequency
and monitoring the fluorescence signal. The positions and shapes of the dips in
the spectrum provide information about the NV center’s electron spin proper-
ties, enabling precise measurement for magnetic field variations. The versatility
of this setup allows for exploration not only of ensembles of NVs but also at the
single NV level. Additionally, the setup enables T2 (spin-spin relaxation time)
measurements [2], providing insights into the coherence times of the spin states.
Looking ahead, this mobile platform has the potential to serve as a robust tool
for conducting sensing in biophysics research, and other studies that strictly re-
quired on-site measurements.

[1] M. Fujiwara et al., Phys. Rev. Res. 2, 043415 (2020).
[2] F. Böhm, Ph.D. thesis, Humboldt-Universität zu Berlin (2022).

Q 55.32 Thu 17:00 Tent B
Using low-cost Blu-RayOptical PickupUnits forMeasurement of Single Pho-
ton Emission from NV-Centers — ∙Simon Klug1, Jonas Homrighausen1,
Peter Glösekötter2, and Markus Gregor1 — 1Department of Engineering
Physics, University of Applied Science, Münster, Germany — 2Department of
Electrical Engineering and Comuputer Science, University of Applied Science,
Münster, Germany
Color centers in diamonds have proven to be promising quantum emitter can-
didates for many applications in quantum information and quantum sensing.
Not only do they serve as efficient single photon sources at room temperature,
but they also enable the analysis of spin dynamics and spin coherence times.
Conventional detection approaches using high-NA microscope objectives and
intricate piezo positioning systems [1] have turned out to be expensive and so-
phisticated [2]. In response to these challenges, our setup utilizes Blu-Ray optical
pickup units (OPUs) [3] and offers a cost-effective solution to enhance access to
single-photon research. These OPUs have built-in aspheric lenses and position-
ing mechanisms which we utilize to identify emitters and successfully measure
single photon emssion from NV nanodiamonds.

[1] B. Rodiek et al., Optica, vol. 4, no. 1, Jan. 2017.
[3] T. Schröder et al., Opt. Express, vol. 20, no. 10, May 2012.
[4] T.-J. Chang et al., Commun. Phys., vol. 4, no. 1, Feb. 2021.

Q 55.33 Thu 17:00 Tent B
Artificial light-harvesting complexes based on silicon-vacancy color centers
in diamond. — ∙LaurinGöb1,2, Assegid Flatae1,2, Florian Sledz1,2, Lukas
Strauch1,2, Joel Ströhmann1,2, and Mario Agio1,2 — 1Laboratory of Nano-
Optics, University of Siegen, 57072 Siegen, Germany — 2Cμ - Research Center
of Micro- and Nanochemistry and (Bio)Technology, University of Siegen, 57068
Siegen, Germany
Light-harvesting complexes (LHC) are nanoscale structures found in photosyn-
thetic organisms. They are ring-like structures used to efficiently absorb light
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and transport quantum excitations to induce chemical processes. Constructing
artificial complexes, that mimic these natural phenomena, allow to develop new
functional materials for quantum photonics. In this work, we introduce LHC
based on silicon-vacancy color-centers in diamond coupled to gold nanostruc-
tures and study their photophysics.

Q 55.34 Thu 17:00 Tent B
Surface-supported single organic molecules demonstrate lifetime-limited
linewidths — ∙Ashley Shin1, Masoud Mirzaei1,2, Alexey Shkarin1,
Johannes Zirkelbach1, Jan Renger1, Tobias Utikal1, Stephan
Götzinger1,2,3, and Vahid Sandoghdar1,2 — 1Max Planck Institute for
the Science of Light, 91058 Erlangen, Germany — 2Department of Physics,
Friedrich-Alexander University Erlangen-Nürnberg, 91058 Erlangen, Germany
— 3Erlangen Graduate School in Advanced Optical Technologies (SAOT),
Friedrich-Alexander University Erlangen-Nürnberg, 91052 Erlangen, Germany
Polycyclic aromatic hydrocarbons (PAHs) have robust photophysics, synthetic
tunablity, and facile handling properties, making them an excellent platform for
molecular quantum optics. The PAH molecules are often embedded in crys-
tals to minimize environmental dephasing, which limits non-optical access that
otherwise can be useful for nanoprobe technologies or novel nanophotonic de-
signs. In this work, we investigate dibenzoterrylene (DBT) molecules placed on
top of pristine anthracene crystals. Despite being at the interface between vac-
uum and crystal, the DBT molecules demonstrate Fourier-limited linewidths at
sub-Kelvin temperatures. The on-surface DBTs emit at higher frequencies and
longer lifetimes from their embedded counterparts, while following a similar
temperature-dependent dephasing trend. We report via a comprehensive set of
fluorescencemeasurements that desired photophysical properties of DBTs as sin-
gle quantum emitters are preserved on the surface.

Q 55.35 Thu 17:00 Tent B
Identifying Yellow Color-Centers in Hexagonal Boron-Nitride — ∙Pablo
Tieben1,2 and Andreas W. Schell3 — 1PTB, Bundesallee 100, 38116 Braun-
schweig, Deutschland — 2LUH, Inst. f. Festkörperphysik, Appelstrasse 2, 30167
Hannover, Deutschland — 3JKU, Inst. f. Halbleiter und Festkörperphysik, Al-
tenberger Str. 69, 4040 Linz, Österreich
Single photon emitters are an essential resource for the rapidly developing field
of quantum technologies. Color centers in hexagonal boron nitride (hBN) pose
a suitable system for single photon generation due to their bright and stable pho-
ton emission at room temperature. Due to the large bandgap of the material a
plethora of emitters across the visible and near-infrared spectrum have been dis-
covered. Some emitters exhibit intricate level structures with the possibility for
advanced optical control. Recently the origin of emitters in the yellow spectral
region have been tied to carbon related defects, but the exact atomic composition
remains elusive. Based on previously found connections between the emission
and excitation characteristics of these emitters, we perform additional spectro-
scopic measurements under simultaneous excitation with multiple wavelengths.
We analyze the emission spectrum, photon flux and temporal emission stabil-
ity as well as the second-order autocorrelation for fixed primary and varying
secondary excitation wavelength. The dependency of these properties on the
secondary wavelength can reveal additional information about the underlying
level structure. Paired with theoretical predictions for different carbon defects
the atomic origin can be narrowed down even further.

Q 55.36 Thu 17:00 Tent B
SiV centers in nanodiamonds for quantum networks — ∙Richard
Waltrich1, Marco Klotz1, Andreas Tangemann1, Lukas Antoniuk1,
Niklas Lettner1, Viatcheslav Agafonov2, and Alexander Kubanek1 —
1Institut für Quantenoptik Universitat Ulm — 2Universite Francois Rabelais de
Tours
The realization of a quantum network is of great interest. The combination of the
good optical and spin properties of group IV defects in diamondwith established
technologies such as photonic structures brings the realization of a quantumnet-
work node within reach. We present measurements of characteristic properties
of SiV centers in nanodiamonds compared to bulk diamond, showing key fea-
tures for the realization of a quantum network node such as improved coherence
times, spin control, and indistinguishable photons.

Q 55.37 Thu 17:00 Tent B
towards coherent dipole-dipole coupling: cryogenic single-molecule mi-
croscopy of dbatt dimers — ∙Siwei Luo1,2, Michael Becker1, Hisham
Mazal1, Alexey Sharkin1, Aleksandr Oschepkov3, Konstantin
Amsharov3, Tim Hebenstreit1,2, Jan Renger2,1, Vahid Sandoghdar1,
and Stephan Götzinger1,2 — 1Max Planck Insitute for the Science of Light,
Erlangen, Germany — 2Department of Physics, Friedrich-Alexander Univer-
sity Erlangen-Nürnberg (FAU), Erlangen, Germany — 3Insitute of Chemistry,
Martin Luther University Halle Wittenberg, Halle, Germany
Coherently coupled molecules are an interesting resource for quantum optics
and quantum information processing, providing access to sub- and superradiant
decay paths. Such pairs of molecules have only been found in the past by brute

force methods, since molecules are usually randomly doped into the host matrix
and high doping levels cannot be tolerated. To address this longstanding issue,
our new approach is based on recent developments in organic chemistry where
an organic linker with a known length of less than 2nm can connect two fused
2D acene emitters. Here we will present cryogenic single-molecule spectroscopy
and localization microscopy studies on 2,3,8,9-dibenzanthanthrene (DBATT)
dimers. By embedding these dimers in shock-frozen tetradecane matrices, they
clearly demonstrate lifetime-limited linewidths and similar fluorescence spectra
as single DBATT molecules. Our results are a first step towards a routine inves-
tigation of cooperative phenomena using molecular dimers.

Q 55.38 Thu 17:00 Tent B
Utilizing Integrated Single Photon Emitters on Waveguides for Testing Ex-
tended Quantum Theories — ∙Josefine Krause1, Mohammad Nasimuzza-
man Mishuk1, Kabilan Sripathy1, Najme Ahmadi1, Sebastian Ritter1,
MostafaAbasifard1, GiacomoCorielli3, and TobiasVogl1,2 — 1Friedrich
Schiller University Jena, Institute of Applied Physics, Albert-Einstein-Straße 15,
07745 Jena — 2Technical University of Munich, TUM School of Computation,
Information and Technology, Arcisstraße 21, 80333 München — 3Consiglio
Nazionale delle Ricerche (IFN-CNR), Istituto di Fotonica e Nanotecnologie, Pi-
azza Leonardo da Vinci 32, 20133 Milano, Italy
Efficient utilization of quantum information processing, for example for satellite-
based quantum communication, relies on the miniaturization and combination
of components into compact, space-compatible structures. For this, we follow
the hybrid approach of integrating quantum emitters hosted in two-dimensional
materials onto a photonic chip containing femtosecond laser-written waveg-
uides. The single photon source (SPS), which is a fluorescent defect in hexagonal
boron nitride, operates at room temperature and has potential to outperform
laser-based decoy quantum key distribution protocols with a higher data rate.
The waveguides form a tunable three-path interferometer that offers to test the
boundary of a fundamental postulate of quantum physics, being Born’s rule, by
measuring higher order interferences. Both this, and the purity of the SPS will
be tested on a 3U CubeSat in microgravity as part of the QUICK3 mission.

Q 55.39 Thu 17:00 Tent B
Spin Properties of SiV Center in Nanodiamonds — ∙Kathrin Schwer1,
Marco Klotz1, Andreas Tangemann1, RichardWaltrich1, Viatcheslav
Agafonov2, and AlexanderKubanek1 — 1Institut für Quantenoptik Univer-
sität Ulm — 2Universite Francois Rabelais de Tours
Combining conventional photonic systems with the good optical and spin prop-
erties of group IV defects in diamond puts a platform for quantum technologies
into reach. Here, we present measurements of characteristic properties of SiV
centers in nanodiamond in comparison with bulk diamond. This reveals key
benefits of a nanostructured defect host for future integration into photonic-
enhancing structures, e.g. cavities.

Q 55.40 Thu 17:00 Tent B
Investigating exciton-plasmon interaction in an ion-exchanged glass covered
by silver iodide nanoparticles — ∙Razieh Talebi — Department of Physics,
University of Isfahan, 81747-73441 Isfahan, Iran—Department of Physics, Uni-
versity of Isfahan, 81747-73441 Isfahan, Iran
Silver nanoparticles embedded in dielectric or semiconductor films have attrac-
tive optical properties that make these materials to be used as plasmonic sensors
and waveguides. The silver ions are doped in a thin layer of glass under ion-
exchange process. Subsequently, the silver nanoparticles can form in this layer
by post-annealing treatment which is tracked by in-situ XRD pattern. The exci-
ton of semiconductors such as silver iodide can interact with the localized surface
plasmon resonance of silver nanoparticles. The exciton-plasmon interaction in
an ion-exchanged glass covered with silver iodide is investigated by absorption
spectra at room temperature. The spectra of these materials before and after sil-
ver iodide nanoparticles are exposed, are compared.

Q 55.41 Thu 17:00 Tent B
Fluorescence resonance energy transfer near plasmonic nanostructures —
∙ShubhadeepMondal and Markus Lippitz—University of Bayreuth
Fluorescence resonance energy transfer (FRET) plays a key role in photosynthe-
sis, photovoltaics, biosensing, light sources, andmore. It describes the nanoscale
energy transfer between fluorophores, taking into account the near-field non-
radiative dipole-dipole (donor-acceptor) interaction. Our goal is to study the
coupling between quantum emitters and the influence of the nanoscale environ-
ment on it, for which it is crucial to design a photonic environment to control
the FRET rate and efficiency. FRET can be measured by its influence on donor
lifetime and acceptor brightness, but the plasmonic environment also modifies
both signals by the Purcell effect and fluorescence quenching. We will discuss
our experimental setup and data analysis to disentangle these effects.
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Q 55.42 Thu 17:00 Tent B
Metal-enhanced photosensitization in riboflavin functionalized gold
nanoparticles: photophysical mechanisms and application in bioimaging
— ∙Jelena Pajovic1, Radovan Dojcilovic2, Dragana Tosic2, Matthieu
Refregiers3, Dusan Bozanic2, and Vladimir Vladimir2 — 1Faculty of
Physics, University of Belgrade, Belgrade, Serbia — 2Vinca Institute of Nuclear
Sciences - National Institute of the Republic of Serbia, University of Belgrade,
Belgrade, Serbia — 3Centre de Biophysique Moleculaire, Orleans, France
Photodynamic therapy relies on the photogeneration of reactive oxygen species
in complex environments by photosensitizing (PS) molecules. However, chal-
lenges persist in enhancing the PS processes while decreasing the concentration
of the agents employed. This study explores the integration of PS biomolecules
onto plasmonic nanoplatforms to increase their efficiency. Specifically, we report
on the influence of gold nanoparticles on the PS activity of riboflavin molecules.
The physical characterization of riboflavin-functionalized gold nanoparticles
was conducted to better understand their electronic interactions that lead to en-
hanced singlet oxygen generation. The effects of the functionalized nanoparticles
on live bacteria and hepatocellular carcinoma cells were investigated by fluores-
cence bioimaging. Preliminary findings indicate higher cell death rates in both
organism systems, suggesting the nanoparticles’ potential as efficient PS agents.

Q 55.43 Thu 17:00 Tent B
Nonlinear emission properties of inverted plasmonic nanostructures —
∙Valentin Dichtl, Thorsten Schumacher, and Markus Lippitz— Exper-
imental Physics III, University of Bayreuth
The nonlinear third-order material response of noble metals allows the shap-
ing of the third-harmonic near-field around a plasmonic nanostructure [1]. The
corresponding spatial emission pattern of the third-harmonic hot spots changes
drastically when the fundamental wavelength is slightly tuned by a linear reso-
nance of the nanorod.
However, third harmonic generation (THG) also leads to high temperatures in
the structure and its surroundings. These temperatures tend to be high enough
to destroy more complex samples. Therefore, structures with the same emission
characteristics but a higher ratio of THG to temperature are needed.
To overcome this, we are inspired by Babinet’s principle. In this sense, a rod an-
tenna can be replaced by a slit in a thin gold film. The surrounding gold should
now be more effective in diffusing heat than a single rod. This poster compares
the (nonlinear) emission properties of plasmonic nanostructures and their com-
plementary counterparts.
[1] Wolf, D. et al. Shaping the nonlinear near field. Nat. Commun. 7:10361
(2016). doi: 10.1038/ncomms10361

Q 55.44 Thu 17:00 Tent B
Optical Interferometry for precise phase measurement— ∙Dahi Ibrahim—
Engineering and Surface Metrology Lab., National Institute of Standards, Tersa
St., El haram, El Giza, Egypt
Precision measurements are important across all fields of science. Optical phase
measurements which can be used to measure distance, position, displacement,
acceleration, and optical path length are of particular interest. In this research,
we have demonstrated an optical phase measurement using a polarization inter-
ference microscope with temporal stability down to 1.3 nm for one hour. The
microscope is based on the measurement of the Stokes parameters S2 and S3.
The Stokes parameters describe the polarized light incident to the camera. The
microscope was used to calibrate a groove structure of 60 nm nominally. The
axial and lateral measurements of the groove structure are presented. The axial
depth measurement is performed based on the ISO 5436 profile analysis. Since
the ISO 5436 profile analysis doesn’t provide a direct measurement of the lateral
step height/depth standards, a Hamming area model is proposed to perform this
task. For the axial measurement, the computed results show that the depth of the
groove structure is 59.7 +- 0.6 nm. For the lateral measurement, the computed
results show that the difference between the two line edges of the groove structure
is 151.7 +- 2.5 nm. The results lead the way to new high-precision measurement
applications.

Q 55.45 Thu 17:00 Tent B
Optical properties of biosynthesized nanoscaled Eu2O3 for red luminescence
and potential antidiabetic applications — ∙Hamza Mohamed — UNISA,
Cape Town, South Africa
This contribution reports on the optical properties of biosynthesised Eu2O3
nanoparticles bioengineered for the first time by a green and cost effective
method using aqueous fruit extracts of Hyphaene thebaica as an effective chelat-
ing and capping agent. The morphological, structural, and optical properties
of the samples annealed at 500*C were confirmed by using a high-resolution
transmission electron microscope (HR-TEM), x-ray diffrac tion analysis (XRD),
UV*Vis spectrocopy, and photoluminescence spectrometer. The XRD results
confirmed the characteristic body-centered cubic (bcc) structure of Eu2O3
nanoparticles with an average size of 20 nm. HRTEM revealed square type mor-
phology with an average size of *6 nm. Electron dispersion energy dispersive x-
ray spectroscopy spectrum confirmed the elemental single phase nature of pure
Eu2O3. Furthuremore, the Fourier transformed infrared spectroscopy revealed
the intrinsic characteristic peaks of Eu*O bond stretching vibrations. UV*Vis re-
flectance proved that Eu2O3 absorbs in a wide range of the solar spectrum from
the VUV*UV region with a bandgap of 5.1 eV. The luminescence properties of
such cubic structures were characterized by an intense red emission centered at
614 nm. It was observed that the biosynthesized Eu2O3 nanoparticles exhibit an
efficient red-luminescence and hence a potential material as red phosphor.

Q 55.46 Thu 17:00 Tent B
Singlemode coupled emission of cw and resonant excitedGaAs quantumdots
— ∙Martin Kernbach1, Sophia Fuchs2, Julian Siller2, and Andreas W.
Schell1 — 1Johannes Kepler University Linz — 2Leibniz University Hannover
Advanced quantum technologies like computing or sensing demand for deter-
ministic bright sources of single indistinguishable photons. In order to provide
quantum light of isolated systems properly usable for quantum applications, an
efficient excitation and extensive collection in a single mode is required. Single
molecules and cavity confined quantum dots are convenient sources. The cou-
pling to the excited state is maximized on resonance, but challenges the usability
of the emitter due to the effort for separation of the optical excitation mode from
the mode of emission. A temporal, spacial, spectral, or combined method for
separation is typically used.

Here we present a realization of a single emitter under resonant excitation in
a confocal setup with a polarization filtered emission coupled into a single mode
fiber. The optical path is free beam along a one meter long stick which dives the
objective lens and scanning stage into a liquid helium reservoir. For resonant
cw excitation of GaAs semiconductor quantum dots a SNR of polarization sup-
pression up to 400 and count rates of 2 Mcps are archived by using a collecting
lens with NA 0.68 only. Under this scheme further investigations regarding the
blinking behavior are possible as well as probing alternative emitters like single
molecules.

Q 55.47 Thu 17:00 Tent B
Squeezed States for Gaussian Boson Sampling From a KTP Waveguide Res-
onator— ∙Jonas Sichler, Christine Silberhorn, andMichael Stefszky—
Paderborn University, Integrated Quantum Optics, Institute of Photonic Quan-
tum Systems (PhoQS), Warburger Str. 100, 33098 Paderborn, Germany
Gaussian boson sampling (GBS) stands at the forefront of quantum compu-
tational research, offering the possibility of demonstrating quantum computa-
tional advantage and may also be suitable for solving complex problems beyond
the reach of classical computers. The generation of suitable squeezed states is es-
sential in harnessing the quantum advantages of this architecture, but is a tech-
nically challenging feat.

Here, we investigate the possibility of producing the required single-spectral
mode, single-mode squeezed states using a resonator assisted type 0 parametric
down-conversion (PDC) process in KTP waveguides. We present our findings
on cavity parameter optimisation and initial experimental results.

Q 56: Poster VII
Time: Thursday 17:00–19:00 Location: KG I Foyer

Q 56.1 Thu 17:00 KG I Foyer
High-order harmonic generation in gases with μJ laser pulses— ∙Matthias
Meier1, Philip Dienstbier1, Yuya Morimoto2, Francesco Tani3, and
Peter Hommelhoff1 — 1Department of Physics, Friedrich-Alexander-
Universität Erlangen-Nürnberg (FAU), 91058 Erlangen, Germany — 2RIKEN
Cluster for Pioneering Research (CPR), RIKEN Center for Advanced Photonics
(RAP), Japan — 3Max Planck Institute for the Science of Light, 91058 Erlangen,
Germany

Applying strong few-cycle pulses in the infrared together with attosecond pulses
in the ultraviolet regime in a pump-probe scheme provides a mighty tool for
spectroscopy of ultrafast electron dynamics. In order to improve statistics as
well as signal-to-noise ratio while keeping themeasurement time to aminimum,
high repetition rates are desirable. Here, we present a laser system operating at
1 MHz which delivers near infrared 8 fs pulses with an energy of 10 μJ. These
pulses drive the process of high-order harmonic generation in an adjacent vac-
uum chamber where the pulses can furthermore be characterized. The infrared
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pulses are obtained from shortening 210 fs pulses of an Ytterbium laser amplifier
with stable carrier-envelope phase by means of a two-stage compressor based on
two argon-filled hollow-core photonic crystal fibers.

Q 56.2 Thu 17:00 KG I Foyer
Influence of molecular properties on matter-wave interferometry — ∙Lukas
Martinetz1, Benjamin A. Stickler2, Ksenija Simonović3, Richard
Ferstl3, Markus Arndt3, and Klaus Hornberger1 — 1University of
Duisburg-Essen, Germany — 2Ulm University, Germany — 3University of Vi-
enna, Austria
Matter-wave interferometers served to confirm the wave-particle duality with
large molecules [1] and enabled to prepare highly delocalized quantum states
with molecules of ever increasing mass [2]. Since the internal molecular dy-
namics can play a decisive role in the interaction with the diffraction grating,
matter-wave interferometers hold out the prospects of being sensitive probes for
molecular properties. Here, we quantify the impact of these properties by calcu-
lating the interference pattern of molecules that are diffracted at a standing laser
wave. The interaction with the laser enters through the Talbot coefficients, which
incorporate state-dependent polarizabilities and photon-absorption cross sec-
tions, and the depletion of the molecular beam through ionization or cleavage.
Furthermore, our calculation accounts for the finite size of the particle source
and collimation slits, for a distribution of initial particle velocities, as well as for
gravity, the Coriolis force and an asymmetric standing laser wave due to non-
ideal retroreflection at the grating mirror. We display and discuss features of the
pattern for the different molecular processes and compare ourmodel with recent
experiments aiming at measuring molecular parameters.

[1] M. Arndt et al., Nature 401, 680 (1999)
[2] Y. Y. Fein et al., Nat. Phys. 15, 1242 (2019)

Q 56.3 Thu 17:00 KG I Foyer
TunableBragg-diffraction beam splitters formolecularmatterwaves— ∙Eric
van den Bosch1, Benjamin A. Stickler2, Lukas Martinetz1, and Klaus
Hornberger1 — 1University of Duisburg-Essen, Germany— 2UlmUniversity,
Germany
Matter-wave interferometry offers rich applications ranging from testing funda-
mental principles of quantummechanics with large particles to probing material
properties and measuring accelerations with high precision. The lack of brilliant
sources for heavy particles requires efficient ways to split an incident wave pack-
ets into two branches. One way to achieve such large momentum beam splitters
is Bragg diffraction at thick optical gratings, as realised experimentally in [1].

We study how further modulations of the laser grating, e.g. adiabatic appli-
cation of an additional constant force, may extend established means to control
populations in the interferometer arms [2], as well as provide a first step towards
Bragg diffraction at thin gratings.
[1] Brand, Kiałka, Troyer, Knobloch, Simonović, Stickler, Hornberger, Arndt

(2020). Bragg diffraction of large organic molecules. Physical Review Letters,
125(3) [2] Siemß, Fitzek, Abend, Rasel, Gaaloul, Hammerer (2020). Analytic
theory for Bragg atom interferometry based on the adiabatic theorem. Physical
Review A, 102(3)

Q 56.4 Thu 17:00 KG I Foyer
Atom interferometry with ultra-cold atoms in microgravity — ∙Anurag
Bhadane1, Julia Pahl2, Dorthe Leopoldt3, Sven Abend3, Ernst M.
Rasel3, Markus Krutzik2,5, Sven Herrmann4, Andre Wenzlawski1,
PatrickWindpassinger1, and The QUANTUS Team1,2,3,4,6,7 — 1JGU Mainz
— 2HU Berlin — 3LU Hannover — 4U Bremen — 5FBH Berlin — 6U Ulm —
7TU Darmstadt
QUANTUS-2 is a mobile, robust, high flux 87Rb atom interferometry device that
can operate in the microgravity environment provided by the drop tower and
Gravitower located in Bremen and act as a pathfinder for future space missions.
QUANTUS-2 exploits a magnetic lens enhanced by the quadrupole field of the
atom chip which enables longer coherence times under microgravity to perform
atom interferometery over one second with double Bragg diffraction.

Here, we present the latest results on atom interferometry on extended time
scales in the drop tower and initial experiments in the Gravitower.

This project is supported by the German Space Agency DLR with funds pro-
vided by the Federal Ministry for Economic Affairs and Climate Action under
grant number DLR 50WM1952-1957.

Q 56.5 Thu 17:00 KG I Foyer
Generating auto-ponderomotive potentials using flat, chip-based electrodes
for shaping electron beams — ∙Franz Schmidt-Kaler, Michael Seidling,
Robert Zimmermann, Nils Bode, Fabian Bammes, Lars Radtke, and
Peter Hommelhoff — Department Physik, Friedrich-Alexander-Universität
Erlangen-Nürnberg (FAU), 91058 Erlangen
Manipulating free electron beams has been realized with complex electrostatic
fields generated with planar electrodes. Within the frame of the moving elec-
tron, these static fields transform into an alternating auto-ponderomotive poten-
tial, resembling the one of a microwave-driven Paul trap confining the electrons.

Prior, we showed that we can split and guide electron beams along curved paths
this way, with electron energies ranging from a few electron volts to 1.7 keV (for
splitting) and 9.5 keV (for guiding). Here we focus on electron beam resonators.
We have demonstrated the first linear version to work for 50 eV electrons and
measured its coupling efficiency. All configurations can be integrated into stan-
dard SEM*s, offering entirely new options for future coherent electron control.
Interaction-free measurement schemes based on repeated electron sample inter-
action could benefit greatly.

Q 56.6 Thu 17:00 KG I Foyer
Characterization of auto-ponderomotive electron guides — ∙Nils Bode,
Franz Schmidt-Kaler, Fabian Bammes, Lars Radtke, Michael Seidling,
Robert Zimmermann, and Peter Hommelhoff — Physik Department,
Friedrich-Alexander-Universität Erlangen-Nürnberg, Staudtstraße 1, 91058 Er-
langen
Advanced control over electron beams may enable new coherent electron ap-
plications such as a quantum electron microscope. With the help of auto-
ponderomotive structures, we have recently demonstrated electron guiding with
energies ranging from 20eV to 9,5keV. These electron guides utilize patterned
electrostatic electrode assemblies, which, seen from the comoving frame of the
electron, generate a pseudopotential similar to conventional Paul traps. We in-
vestigate the stability regions of these new 2D traps as well as the coupling effi-
ciencies, both numerically and in experiment, for beam energies between 50eV
and 500eV. Additionally, the interim deceleration of electrons inside the guid-
ing potential down to energies of about 0.1eV was simulated. Initial prelimi-
nary measurements show a successful deceleration of 40% for an 500eV electron
beam.

Q 56.7 Thu 17:00 KG I Foyer
Demonstration of a well-controlled atomic source for Very Long Baseline
Atom Interferometry — ∙Dorothee Tell, Vishu Gupta, Kai Grensemann,
ErnstM. Rasel, and Dennis Schlippert—Leibniz Universität Hannover, In-
stitut für Quantenoptik
The sensitivity of an atom interferometer measuring the acceleration of a freely
falling atomic ensemble can be increased by scaling up the available free fall time.
At the Hannover Very Long Baseline Atom Interferometry (VLBAI) facility, we
have set up a 10m long baseline for fountain interferometry with up to 2.4 s
of free fall. This promises highly accurate measurements of gravitational accel-
erations for gravimetry, but also offers several possibilities to test fundamental
physics, e. g. at the interface of quantum mechanics and general relativity. How-
ever a high level of control over all systematic effects and noise sources is neces-
sary.

This contribution focuses on the source of rubidium Bose-Einstein conden-
sates recently installed in the facility to complete the setup. We demonstrate
how the strict constraints necessary for the operation of a highly accurate in-
ertial sensor can be realized. This comprises a fast all-optical evaporation se-
quence, flexible methods for manipulating the atoms in a time-averaged optical
dipole trap e. g. for reducing the expansion speed during free fall, and methods
for a well-controlled, efficient launch of the atoms into the baseline based on an
accelerated Bloch lattice.

Q 56.8 Thu 17:00 KG I Foyer
Atomic diffraction from single-photon transitions in gravity and Standard-
Model extensions — ∙Alexander Bott1, Fabio Di Pumpo1, and Enno
Giese2,3 — 1Institut für Quantenphysik and Center for Integrated Quantum
Science and Technology (IQST), Universität Ulm, Albert-Einstein-Allee 11,
D-89081 Ulm, Germany — 2Technische Universität Darmstadt, Fachbereich
Physik, Institut für Angewandte Physik, Schlossgartenstr. 7, D-64289 Darm-
stadt, Germany — 3Institut für Quantenoptik, Leibniz Universität Hannover,
Welfengarten 1, D-30167 Hannover, Germany
Single-photon transitions are one of the key technologies for designing
and operating very-long-baseline atom interferometers tailored for terrestrial
gravitational-wave and dark-matter detection. Since such setups aim at the de-
tection of relativistic and beyond-Standard-Model physics, the analysis of inter-
ferometric phases as well as of atomic diffraction must be performed to this pre-
cision and including these effects. In contrast, most treatments focused on ide-
alized diffraction so far. In this contribution, we study single-photon transitions,
both magnetically-induced and direct ones, in gravity and Standard-Model ex-
tensions modeling dark matter as well as Einstein-equivalence-principle viola-
tions. We take into account relativistic effects like the coupling of internal to
center-of-mass degrees of freedom, induced by the mass defect, as well as the
gravitational redshift of the diffracting light pulse. To this end, we also include
chirping of the light pulse required by terrestrial setups, as well as its associated
modified momentum transfer for single-photon transitions.

Q 56.9 Thu 17:00 KG I Foyer
Atom interferometers in weakly curved spacetimes: Case study of the VLBAI
— ∙Michael Werner and Klemens Hammerer — Institut für Theoretische
Physik, Leibniz Universität Hannover, Appelstraße 2, 30167Hannover, Germany
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We present a systematic approach to determine all relevant phases in the VLBAI
(Very Long Baseline Atom Interferometer) experiment in Hannover, including
(general-) relativistic effects and certain noise sources. Through this approach,
we automate the derivation of algebraic expressions for all relevant phases and
analyze the impact of mitigation strategies, spanning from the Coriolis effect to
gravity gradients. Our objective is to enhance the precision of experiments per-
formed in the VLBAI facility and deepen our understanding of the physics inside
such a large scale setup for the detection of relativistic effects.

Q 56.10 Thu 17:00 KG I Foyer
Analytical theory of double Bragg atom interferometers— ∙Rui Li1, Klemens
Hammerer2, and NaceurGaaloul1 — 1Leibniz University Hanover, Institute
for quantum optics, Hannover, Germany — 2Leibniz University Hanover, Insti-
tute for theoretical physics, Hannover, Germany
In this talk, we will provide some new physical insights into a commonly used
tool in atom interferometry, namely the double Bragg diffraction (DBD). After
reviewing the traditional treatment of DBD with rotating wave approximations
and its limitations, we derive an effective two-level-system (TLS) Hamiltonian
via Magnus expansion for describing the so-called *quasi-Bragg regime* where
most light-pulse atom interferometers are operating. With this effective TLS
Hamiltonian, we systematically study the effects of polarization error and AC-
Stark shift due to second-order process on the efficiency of double-Bragg beam-
splitters. Furthermore, we show that effects of Doppler broadening can be easily
included by extending our TLS description to a three-level-system description.
Finally, we design an optimal beam-splitter based on our effective theory via a
time-dependent detuning and show its robustness against polarization error and
asymmetric beam-splitting due to Doppler effect.

Q 56.11 Thu 17:00 KG I Foyer
Phase and error estimation of differential atom interferometry experiments
on the ISS — ∙David B. Reinhardt1, Nicholas P. Bigelow2, Matthias
Meister1, and theCUAS team1,2,3,4 — 1German Aerospace Center (DLR), In-
stitute of QuantumTechnologies, Ulm, Germany— 2Department of Physics and
Astronomy, University of Rochester, Rochester, NY, USA — 3Institut für Quan-
tenphysik and Center for Integrated Quantum Science and Technology IQST,
Ulm University, Ulm, Germany — 4Leibniz University Hannover, Institute of
Quantum Optics, QUESTLeibniz Research School, Hanover, Germany
Matter-wave interferometers in space are excellent tools for high precision mea-
surements, relativistic geodesy, or Earth observation. In differential interfero-
metric setups common-mode noise can be suppresed and the differential phase
enables the determination of magnetic field curvatures or gravity gradients. Pre-
cise estimation of the differential phase is therefore key as its error contributes
significantly to the uncertainty of thewholemeasurement. If the ignorance about
noise types is high and the number of measurements points is small the error es-
timation becomes severely more challenging. To tackle these issues, we present
an improved ellipse fitting method for the estimation of phase, contrast, and
population offset of differential interferometers as well as their errors using a
modified least-square algorithm combined with bootstrapping of experimental
data. Finally, we apply our new method to recent data from the CAL mission
measuring magnetic field curvatures on the International Space Station.

Q 56.12 Thu 17:00 KG I Foyer
Quantum-clock interferometry — ∙Mario Montero1, Ali Lezeik1, Klaus
Zipfel1, ErnstM. Rasel1, Christian Schubert1,2, andDennis Schlippert1
— 1Leibniz Universität Hannover, Institut für Quantenoptik— 2Deutsches Zen-
trum für Luft undRaumfahrt, Institut für Satellitengeodäsie und Inertialsensorik
The Equivalence Principle assumes the Universality of Gravitational Redshift
(UGR), which asserts that the ticking rate of two idealized clocks in a gravi-
tational field is independent of their internal composition. High-precision UGR
tests confirm General Relativity’s validity but hold the potential to reveal new
physics if deviations are found. Quantum-Clock Interferometry (QCI) offers a
UGR test based on specific interferometer geometries with delocalised optical
clock states to measure differences in proper time affecting the interferometer’s
phase [1]. We propose an interferometer geometry sensitive to gravitational red-
shift that benefits from a common-mode rejection of noise effects.

The feasibility of QCI experiments measuring gravitational redshift depends
on the availability of long-lived internal states with large energy difference, mak-
ing the Yb optical clock transition an ideal candidate. We report on the status of
our high-flux source of cooled Yb atoms [2]. The optical transition will be driven
by a two-photon E1-M1 Doppler-free excitation, requiring a narrow linewidth
and high power light source [3]. Here we present our ultra narrow clock laser at
1156 nm with high powers in excess of 20 W.

[1] PRX QUANTUM 2, 040333 (2023). [2] J. Phys. B: At. Mol. Opt. Phys. 54,
035301 (2021). [3] Phys. Rev. A 90, 012523 (2014).

Q 56.13 Thu 17:00 KG I Foyer
Multi-axis quantumgyroscopewithmulti loop atomic Sagnac interferometry
— ∙Polina Shelingovskaia1, Ann Sabu1, Yueyang Zou1, Mouine Abidi1,
Philipp Barbey1, Ashwin Rajagopalan1, Christian Schubert2, Matthias
Gersemann1, Dennis Schlippert1, Ernst M. Rasel1, and Sven Abend1 —
1Institut für Quantenoptik - Leibniz Universität, Welfgarten 1, 30167 Hannover
— 2Deutsches Zentrum für Luft- und Raumfahrt,
Twin-lattice atom interferometers promise high-sensitivity rotation measure-
ments. Our objective is to create a transportable multi-axis gyroscope.

This poster will present the technique of a multi-loop atom interferometer
scheme that combines large momentum transfer with the possibility to increase
the available free fall time.The focus is on the ongoing progress in the construc-
tion of the sensor head using BECs of 87Rb atoms. The associated schematic and
the realisation of the necessary laser system for cooling and manipulation are
also highlighted.

We acknowledge financial support from the Deutsche Forschungsgemein-
schaft (DFG, German Research Foundation) under Germany’s Excellence Strat-
egy - EXC-2123 QuantumFrontiers - 390837967 and from DLR with funds pro-
vided by the BMWi under grant no. DLR 50NA2106 (QGyro+).

Q 56.14 Thu 17:00 KG I Foyer
Operating an atom interferometer in a vibrationally noisy environment —
∙Ashwin Rajagopalan, Ernst M. Rasel, Sven Abend, and Dennis Schlip-
pert— Leibniz Universität Hannover, Institut für Quantenoptik,
Welfengarten 1, 30167 Hannover, Germany
Quantum inertial sensing with atom interferometry is a promising tool for re-
liable and long term stable measurements of inertial effects. Due to its limited
dynamic range and reciprocal response the challenge lies in being able to op-
erate an atom interferometer (AI) in a high vibrational noise environment. We
have demonstrated operating a T = 10msAI without any vibration isolation with
the help of a compact opto-mechanical accelerometer. The accelerometer signal
was used to suppress the effects of ambient ground vibrational noise coupling
into our AI. The coupled noise with a Gaussian full width half maximum of 3.2
mm/s2 obscures the AI fringes. With our approach, we were not only able to re-
solve AI fringes and remove measurement ambiguity, but could also measure at
a level which is 8 timesmore sensitive than the ambient vibrational noise that the
AI experiences. The new improved version of the opto-mechanical accelerome-
ter has the potential for high precision AI and accelerometer correlation as they
share the same inertial reference. We report on the preliminary results and dis-
cuss prospects for AI hybridization suitable for dynamic environments.

Funded by the DFG EXC2123 QuantumFrontiers - 390837967 supported by
the DLR with funds provided by BMWK under Grant No. DLR 50NA2106
(QGyro+) and DFG SFB 1464 TerraQ.

Q 56.15 Thu 17:00 KG I Foyer
Artificial Intelligence for Quantum Sensing — ∙Victor Jose Martinez
Lahuerta, Jan-Niclas Kirsten-Siemss, and Naceur Gaaloul — Leibniz
University Hannover, Institut of Quantum Optics, Welfengarten 1, 30167 Han-
nover, Germany
Algorithms from the field of artificial intelligence (AI) and machine learning
have been employed in recent years for a variety of applications to efficiently
solve multidimensional problems. In physics, these algorithms are applied with
increasing success, for example, to solve the Schrödinger equation for many-
body problems, or used experimentally to generate ultracold atoms and control
lasers. In this project we aim to work on three fundamental pillars of AI in atom
interferometry: theory modeling, measurement data extraction, and operation
of experiments. Within this context, I will show our results modeling a diffrac-
tion phase-free Bragg atom interferometry.

This project is funded by the German Space Agency (DLR) with funds pro-
vided by the German FederalMinistry of Economic Affairs and Energy (German
FederalMinistry of Education and Research (BMBF)) due to an enactment of the
German Bundestag under Grant No. DLR 50WM2253A

Q 56.16 Thu 17:00 KG I Foyer
Dark Energy search using atom interferometry in microgravity —
∙Sukhjovan Singh Gill1, Magdalena Misslisch1, Charles Garcion1,
Ioannis Papadakis2, Baptist Piest1, Vladimir Schkolnik2, Sheng-Wey
Chiow3, Nan Yu3, and Ernst Maria Rasel1 — 1Institut für Quantenoptik,
LeibnizUniversität Hannover, Germany 30167— 2Institut für Physik, Humboldt
Universität zu Berlin, Berlin, Germany 12489 — 3Jet Propulsion Laboratory,
California Institute of Technology, Pasadena, California, USA 91109
The nature of Dark energy is one of the biggest quests of modern physics. It is
needed to explain the accelerated expansion of the universe. In the chameleon
theory, a hypothetical scalar field is proposed, which might affect small test
masses like dilute atomic gases. In the vicinity of bulk masses, the chameleon
field is hidden due to a screening effect making the model in concordance
with observations. Dark Energy Search using Interferometry in the Einstein-
Elevator(DESIRE) studies the chameleon fieldmodel for dark energy using Bose-
Einstein Condensate of 87Rb atoms as a source in a microgravity environment.
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The Einstein-Elevator provides 4 seconds of microgravity time for multi-loop
atom interferometry to search for phase contributions induced by chameleon
scalar fields shaped by a changing mass density in their vicinity. This method
suppresses the influence of vibrations, gravity gradients and rotations via com-
mon mode rejection. The specially designed test mass suppresses gravitational
effects from self-mass and its environment. This workwill further constrain thin-
shell models for dark energy by several orders of magnitude.

Q 56.17 Thu 17:00 KG I Foyer
Absolute light-shift compensated laser system for a twin-lattice atom in-
terferometry — ∙Mikhail Cheredinov1, Matthias Gersemann1, Ekim T.
Hanimeli2, Simon Kanthak3, Sven Abend1, Ernst M. Rasel1, and the
QUANTUS team1,2,3,4,5,6 — 1Institut für Quantenoptik, LU Hannover —
2ZARM,Uni Bremen— 3Institut für Physik, HUBerlin— 4Institut fürQuanten-
physik, Uni Ulm— 5Institut für Angewandte Physik, TU Darmstadt — 6Institut
für Physik, JGU Mainz
Twin-lattice atom interferometry (AI) is a method for forming symmetric inter-
ferometers with matter waves of large relative momentum spitting by using two
counter-propagating optical lattices. It has a prospect of enabling highly sensi-
tive inertial measurements.
A limiting factor for large momentum transfer is the loss of contrast, associated
with the differential absolute light shift of far detuned light fields, linked to light
fields imperfections. Thanks to a flat-top shaped beam and addition of an op-
positely detuned light field, this limitation can be mitigated, and new records in
momentum separation can be achieved. This contribution presents the realiza-
tion of a high power laser system for absolute light shift compensated twin-lattice
AI with a monolithically mounted flat-top beam shaper.
We acknowledge financial support from the Deutsche Forschungs-gemeinschaft
(DFG, German Research Foundation) under Germany’s Excellence Strategy -
EXC-2123 QuantumFrontiers - 390837967 and from DLR with funds provided
by the BMWi under grant no. DLR 50WM2250 (QUANTUS+).

Q 56.18 Thu 17:00 KG I Foyer
Squeezing-enhanced Bragg guided BEC interferometry — ∙Matthew
Glaysher1, Robin Corgier2, and Naceur Gaaloul1 — 1Institut für Quan-
tenoptik, Leibniz Universität, Hannover— 2LNE-SYRTE, Observatoire de Paris,
Université PSL, CNRS, Sorbonne Université, France
Atom interferometers test fundamental theories and have practical applications
such as gravimeters, gradiometers and gyroscopes. Using uncorrelated or clas-
sically correlated atomic probes state-of-the-art devices already operate at the
standard quantum limit (SQL) set by their finite baseline and/or atom number
resources.

To push the boundaries of compact devices, we study the realisation of a a
Bose-Einstein condensate (BEC) guided interferometer based on Bragg diffrac-
tion [R. Corgier et al., PRA, 103 (2021)]. Taking advantage of the BEC oscil-
lations in the waveguide and the possibility to tune atom-atom interactions we
investigate the generation of spin-squeezing dynamics between the two modes
in well-defined and well-controlled momentum states. The entangled input
state feeds a second interferometer sequence with quantum-enhanced sensitiv-
ity capabilities. Realistic aspects of the state-preparation parameters, including
diffraction efficiencies and BEC collisions and deformations, are addressed in
our scheme.

This project was fundedwithin theQuantERA II Programme that has received
funding form the European Union’s Horizon 2020 research and innovation pro-
gramme under Grant Agreement No 101017733 with funding organisation DFG
(project number 499225223).

Q 56.19 Thu 17:00 KG I Foyer
Three-dimensional absorption detection system in the transportable Quan-
tum Gravimeter QG-1 — ∙Najwa Sophie Al-Zaki1, Pablo Nuñez von
Voigt1, Nina Heine1, Waldemar Herr2, Christian Schubert2, Ludger
Timmen3, JürgenMüller3, andErnstM.Rasel1 — 1LeibnizUniversitätHan-
nover, Institut für Quantenoptik, Hannover, Germany — 2Deutsches Zentrum
für Luft und Raumfahrt, Institut für Satellitengeodäsie und Inertialsensorik,
Hannover, Germany— 3Leibniz Universität Hannover, Institut für Erdmessung,
Hannover, Germany
The transportable Quantum Gravimeter QG-1 is designed to determine local
gravity to the low nm/s2 level of uncertainty. The installation of two additional
absorption detection systems allows the extension of the interferometer separa-
tion time 2T. The consecutive detection of the atomic ensemble in two directions
enables reconstruction of their three-dimensional position and size, offering new
tools for investigating limiting sources of error. This work focuses on estimating
the uncertainty of the bias acceleration due to the Coriolis effect by analyzing the
reconstructed three-dimensional trajectory.

We acknowledge financial funding by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) - Project-ID 434617780 - SFB 1464 and
under Germany’s Excellence Strategy - EXC 2123 QuantumFrontiers, Project-
ID 390837967.

Q 56.20 Thu 17:00 KG I Foyer
Noise Description in Bragg Atom Interferometer Using Squeezed States —
∙Julian Günther1,2, Jan-Niclas Kirsten-Siemss2, Naceur Gaaloul2, and
Klemens Hammerer1 — 1Institut für Theoretische Physik, Hannover, Ger-
many — 2Institut für Quantenoptik, Hannover, Germany
Using entanglement for N-particle states in matter wave interferometers allows
one to outperform the standard quantum limit of 1

N
for the uncertainty in the

phase measurement. We consider the use of one-axis twisted, spin squeezed
atomic states in a Bragg Mach-Zehnder interferometer. We evaluate the phase
uncertainty in the phase measurement taking into account the fundamental
multi-port and multi-path nature of the Bragg processes, and determine opti-
mally squeezed states for a given geometry.

This project was fundedwithin theQuantERA II Programme that has received
funding form the European Union’s Horizon 2020 research and innovation pro-
gramme under Grant Agreement No 101017733 with funding organisation DFG
(project number 499225223).

Q 56.21 Thu 17:00 KG I Foyer
Towards a three axes hybrid quantum inertial sensor for navigation— ∙David
Latorre Bastidas1, Dennis Knoop2, André Wenzlawski1, Jens Grosse2,
SvenHerrmann2, and PatrickWindpassinger1 — 1Institute of Physics, JGU
Mainz — 2ZARM, University of Bremen
Hybrid quantum inertial sensors based on cold atom interferometry have been
proposed as a more accurate alternative for tracking acceleration, e.g. for in-
ertial navigation, compared to current classical accelerometers. In such hybrid
sensors, the atom interferometer is used to correct the drift of the classical sen-
sor. Furthermore, the hybridization of both sensors allows for a higher repetition
rate and dynamic range compared to pure quantum atom interferometers. In this
project, we plan to build a combination of an atom interferometer based on stim-
ulated Raman transitions in a Mach-Zehnder configuration using Rubidium-87
with opto-mechanical sensors, where the acceleration is measured sequentially
for each axis. In the framework of this project a simulation tool was developed
to find the optimal operating parameters.

This poster will give an overview of the current design and of the simulations
that were used to optimize the measurement sequence. Further, an outlook is
given on future on-site measurements and intermediate goals of the project.

Q 56.22 Thu 17:00 KG I Foyer
Laser stabilization for a compact multi-axis inertial navigation system
— ∙Philipp Barbey1, Matthias Gersemann1, Mouine Abidi1, Ashwin
Rajagopalan1, Ann Sabu1, Polina Shelingovskaia1, Yueyang Zou1,
Christian Schubert2, Dennis Schlippert1, Ernst M. Rasel1, and Sven
Abend1 — 1Institut für Quantenoptik - Leibniz Universität, Welfgarten 1, 30167
Hannover — 2Deutsches Zentrum für Luft- und Raumfahrt
The application of cold and ultracold atoms in light-pulse atom interferometry
enables the development of new technologies, including inertial measurement
systems for navigation. Quantum sensors utilizing atom interferometry offer
precise measurements of inertial forces with a focus on long-term stability, yet
developing sensors for field applications requires advancements in the develop-
ment of compact and scalable technology.

One of our goals is the development of new electronics that control the sen-
sor’s operation. In the past, these have often been built using analog compo-
nents only. Especially in the feedback loops controlling the laser frequency, dig-
ital components offer more flexibility in adjusting operational parameters. This
poster presents an overview of our proposed quantum sensor, highlighting new
developments for laser stabilization, partially based on the ARTIQ experiment
control framework.

We acknowledge financial support by the DFG EXC2123 QuantumFrontiers
- 390837967 and by the DLR with funds provided by BMWK under Grant No.
DLR 50NA2106 (QGyro+)

Q 56.23 Thu 17:00 KG I Foyer
State-of-the art suppression of seismic noise for Very Long Baseline Atom
Interferometry — ∙Kai C. Grensemann, Jonas Klussmeyer, Klaus Zipfel,
ErnstM. Rasel, and Dennis Schlippert—Leibniz Universität Hannover, In-
stitut für Quantenoptik
The Hannover Very Long Baseline Atom Interferometer (VLBAI) facility of-
fers exciting capabilities for absolute precision gravimetry with applications in
geodesy and tests of fundamental physics. Its 10m baseline enables free fall times
of up to 2T = 2.4 s and therefore large measurement sensitivity scale factors
keffT

2. However, the sensitivity to vibrational noise of the inertial reference mir-
ror increases similarly. To attenuate seismic vibrations coupling to the mirror,
the VLBAI facility is equipped with a state-of-the-art in-vacuum seismic atten-
uation system (SAS).

Here we present the recently installed SAS with its range of featured sensors
and actuators, as well as a first benchmark of the passive vibration attenuation
performance. Passive attenuation in all degrees of freedom is achieved by three
sets of inverted pendula suspended from geometric antispring filters with a low
vertical resonance frequency of 320mHz. Residual motion at the resonance can

217



Quantum Optics and Photonics Division (Q) Thursday

be damped actively using three seismometers spread over the suspended plat-
form and six voice coil actuators in a feedback loop. Furthermore, a central out-
of-loop low-noise seismometer provides data to post-correct the interferometer
measurements. We estimate that the SAS in combination with post-correction
will allow instabilities of ≈ 4 ⋅ 10−10 m

s2 at 1 s, close to the shot-noise limit of
≈ 2 ⋅ 10−10 m

s2 for 106 atoms.

Q 56.24 Thu 17:00 KG I Foyer
Theory of multi-axis atom interferometric sensing for inertial navigation
— ∙Christian Struckmann, Knut Stolzenberg, Dennis Schlippert, and
Naceur Gaaloul — Leibniz University Hannover, Institute of Quantum Op-
tics, Welfengarten 1, 30167 Hannover, Germany
Quantum sensors based on the interference of matter waves provide an excep-
tional measurement tool for inertial forces, and are considered next generation
accelerometers for applications in geodesy, navigation, or fundamental physics
due to the absence of drifts. However, conventional atom interferometers are
only able to measure inertial forces along one single axis, resulting in one ac-
celeration and one rotation component. To determine the motion of a moving
body, an inertial measurement unit needs to measure the acceleration and ro-
tation of the body along three perpendicular directions. Extending this atom
interferometeric measurement scheme to multiple components would normally
require the subsequent measurement along a differently oriented axis.

In this contribution, we present our theory and simulation efforts based on
experimental schemes enabling three dimensional sensing using simultaneously
operated single-axis atom interferometers. We detail the sensitivity and dimen-
sionality scaling of the measurement as well as its potential and improvement
avenues.

This work is supported by DLR funds from the BMWi (50WM2263A-
CARIOQA-GE and 50WM2253A-(AI)ˆ2).

Q 56.25 Thu 17:00 KG I Foyer
Scenario building for Earth Observation Space Missions Featuring Quan-
tum Sensors — ∙Gina Kleinsteinberg, Christian Struckmann, Naceur
Gaaloul, and for the CARIOQA Consortium— Institute of Quantum Op-
tics, Leibniz University Hanover, Welfengarten 1, 30167 Hanover, Germany
Being extremely sensitive to accelerations and rotations with high stability at low
frequencies, atom interferometer configurations offer a versatile approach not
only for Fundamental Physics research but also for Earth Observation. The lat-
ter is currently gaining more and more significance, as consequences of climate
change, e.g. sea level rise and changes in water mass distributions are directly re-
flected in Earth’s gravity field. In order to increase the maturity of quantum sen-
sors in space, the European Commission envisages a quantum pathfinder mis-
sion, CARIOQA-PMP (Cold Atom Rubidium Interferometer in Orbit for Quan-
tumAccelerometry - PathfinderMission Preparation), to be launched by the end
of this decade. In this contribution, we present a simulation tool capable to anal-
yse the mission scenarios for the quantum pathfinder as well as for the follow-
on full-fledge quantum gravimetry mission. The mission scenario is developed
in close cooperation with the geodesy community within the CARIOQA-PMP
project from the classical satellite simulations, the quantum measurement and
finally the recovery of the gravity field from the interferometer signal. This work
is supported by DLR funds from the BMWi (50WM2263A-CARIOQA-GE and
50WM2253A-(AI)ˆ2).

Q 56.26 Thu 17:00 KG I Foyer
Quantum metrology for levito-dynamics — ∙Francis Headley — Tübingen
Universität
There has been much interest in testing the quantum nature of Gravity through
table-top opto-mechanical experiments. In particular levito-dynamic systems
have been proposed as ultrasensitive force and acceleration sensors and could
thus also become a strong candidate for testing the possibility of entangling two
massive objects via the gravitational field. These levito-dynamic set-ups promise
low decoherence environments which should allow us to probe the quantum
dynamics of massive mechanical objects. We present recent theoretical devel-
opments for interferometric experiments which utilise a system of massive par-
ticles levitated in superconducting traps. Coupling these mechanical oscillators
via Gravity harbours the promise of new types of high fidelity measurement of
Newtons constant, as well as providing a new and promising play ground for
testing different quantum models.

Q 56.27 Thu 17:00 KG I Foyer
Towards a Miniaturized Spaceborne Rubidium Two-Photon Frequency Ref-
erence — ∙Daniel Emanuel Kohl1,2, Julien Kluge1,2, Moritz Eisebitt1,2,
Klaus Döringshoff1,2, Nicolas Manrique1,2, and Markus Krutzik1,2 —
1Institut für Physik - Humboldt-Universität zu Berlin — 2Ferdinand-Braun-
Institut (FBH), Leibniz-Institut für Höchstfrequenztechnik
We present the development of a miniaturized rubidium two-photon frequency
reference using the 5S1/2 → 5D5/2 transition at 778.1 nm, developed as a part
of the CRONOS project. The project’s goal is to demonstrate a micro-satellite-
based optical clock in low earth orbit. Optical frequency standards based on fre-

quency modulation spectroscopy of atomic vapor are a promising candidate for
realization of compact optical clocks for application in next generation global
navigation satellite systems. Rubidium offers a 300 kHz linewidth two-photon
transition accessable with inherently Doppler free spectroscopy.

We show a prototype of a compact spectroscopy module achieving fractional
frequency instabilities in the regime of 10−13/τ. The design comprises a pro-
jected volume below 0.5 l, mass below 1 kg and a power consumption below 10
W. Further we present first results of the utilization of MEMS rubidium vapor
cells to reduce the size weight and power budget of the spectroscopy module.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the FederalMinistry for EconomicAffairs andClimateAction (BMWK)
due to an enactment of the German Bundestag under grant numbers 50RK1971,
50WM2164.

Q 56.28 Thu 17:00 KG I Foyer
Two-Photon Frequency References for Optical Clocks and Hyperfine Spec-
troscopy— ∙MoritzEisebitt1,2, JulienKluge1,2, DanielEmanuelKohl1,2,
Klaus Döringshoff1,2, and Markus Krutzik1,2 — 1Ferdinand-Braun-
Insitut, Leibniz-Institut für Höchstfrequenztechnik — 2Institut für Physik,
Humboldt-Universität zu Berlin
We present our monochromatic two-photon frequency references at 778 nm,
operating on the 5S1/2 → 5D5/2 transition in Rubidium. We use inherently
Doppler-free frequency modulation spectroscopy of the approximately 500 kHz
broad transition, with detection via the fluorescence at 420 nm. The fractional
instability, derived from a beat-note between two independent references, is be-
low 1.7⋅10−13/τ, reaching 6⋅10−15 for an averaging time τ of 1000 s. We present
details on the noise analysis including the influence of residual amplitude mod-
ulation and fluctuations in the optical power.

Further, measurements of the dipole, quadrupole and octupole hyperfine
structure constants of Rb 5D5/2 are presented which surpass the precision of the
current state-of-the-art values by one order of magnitude.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the FederalMinistry for EconomicAffairs andClimateAction (BMWK)
due to an enactment of the German Bundestag under grant numbers 50RK1971,
50WM2164.

Q 56.29 Thu 17:00 KG I Foyer
First aluminium ion clock comparisons at PTB — ∙Fabian Dawel1,2, Jo-
hannes Kramer1,2, Marek Hild1,2, Lennart Pelzer1, Kai Dietze1,2, and
Piet O. Schmidt1,2 — 1Physikalisch-Technische Bundesanstalt, 38116 Braun-
schweig, Germany— 2LeibnizUniversität Hannover, 30167Hannover, Germany
A single trapped 27Al+ ion is an excellent frequency reference for an optical clock,
as it is largely insensitive to external field shifts. Achieved inaccuracies are be-
low the 10−18 level and thusmake aluminum clocks a promising candidate for the
re-definition of the SI second and enable for cm-scale height differencemeasure-
ments in relativistic geodesy. We estimated the systematic uncertainty budget of
PTB’s Al+ clock using a single 40Ca+ ion as a sensor. Included in the analysis are
shifts by black body radiation, collisions with background gas molecules, resid-
ual kinetic energy from uncompensated micromotion and the ac Zeeman shift
caused by fast oscillating magnetic fields. The statistical uncertainty is measured
by comparing Al+ with the strontium lattice clock at PTB. This clock compar-
isons also allow us to estimate the absolute frequency and compare it to other
frequency ratio measurements.

Q 56.30 Thu 17:00 KG I Foyer
Red-Emitting DBR Laser for Strontium-Based Optical Atomic Clocks
— ∙Sandy Szermer, Nora Goossen-Schmidt, Bassem Arar, Ahmad
Bawamia, Jörg Fricke, JonasHamperl, KarlHäusler, AndreMaassdorf,
Christoph Pyrlik, Max Schiemangk, HansWenzel, Andrea Knigge, and
Andreas Wicht — Ferdinand-Braun-Institut, Leibnitz-Institut für Höchstfre-
quenztechnik, Gustav-Kirchhoff-Str. 4, 12489 Berlin
Strontium (Sr)-based optical atomic clocks provide promising applications such
as improved satellite navigation or fundamental research e.g. redefining the unit
of time.

To deliver the repumping wavelengths for a compact, transportable Sr lattice
optical clock, we have developed red-emitting distributed Bragg reflector (DBR)
ridge waveguide (RW) lasers at 679 nm and 707 nm. A higher-order surface
Bragg grating is monolithically incorporated into a section of the RW to achieve
frequency selectivity and low frequency noise. We optimised the design of the
DBR laser with respect to gain section length and front facet reflectivity. For
both wavelengths, the lasers reach FWHM linewidths (β-separation method) of
around 1MHz at optical output powers of more than 70mW. We present the
current status of our work and discuss ongoing life tests for the assessment of
the operational reliability.

This work was supported by DLR Space Administration with fund provided
by the Federal Ministry for Economic Affairs and Climate Action under grant
number 50WM2152 and 50WM2351C.
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Q 56.31 Thu 17:00 KG I Foyer
Towards demonstrating a rubidium based optical clock in space— ∙Nicolas
Manrique1,2, Moritz Eisebitt1,2, Stephanie Gerken1, Julien Kluge1,2,
Daniel Emanuel Kohl1,2, Mathis Müller1, Norbert Müller1, Max
Schiemangk1, Dian Zou1, Klaus Döringshoff1,2, Andreas Wicht1,
Markus Krutzik1,2, and the QUEEN/CRONOS Team1,3,4 — 1Ferdinand-
Braun-Institut, Leibniz-Institut für Höchstfrequenztechnik — 2Institut für
Physik - Humboldt-Universität zu Berlin — 3Institut für Luft- und Raumfahrt -
Technische Universität Berlin — 4Menlo Systems GmbH
The QUEEN mission aims to demonstrate an optical atomic clock aboard a
micro-satellite in low-earth orbit. The optical clock payload named CRONOS
includes a micro-integrated extended cavity diode laser, whose frequency is sta-
bilized to a narrow linewidth Rubidium two-photon transition at 778 nm. A
space-borne optical frequency comb transfers the frequency stability of the laser
system to the RF regime, providing an electrical clock output at 10MHzwith tar-
geted fractional frequency instabilities better than 3 × 10−13/τ over time scales
from 1 s to 105 s.

Here we present the current design and architecture of the CRONOS payload,
targeting a maximum volume of 25 L, mass of 20 kg, and power consumption
under 60 W, which shall operate two years in orbit.

This work is supported by the German Space Agency (DLR) with funds
provided by the Federal Ministry for Economic Affairs and Climate Action
(BMWK) due to an enactment of the German Bundestag under grant numbers
50WM2164.

Q 56.32 Thu 17:00 KG I Foyer
A highly stable laser for quantum logic spectroscopy in an optical 27Al+

clock — ∙Gayatri R. Sasidharan1,2, Benjamin Kraus1,2, Fabian Dawel1,2,
Lennart Pelzer1,2, Constantin Nauk1,2, Joost Hinrichs1,2, and Piet O.
Schmidt1,2 — 1Physikalisch-Technische Bundesanstalt, 38116 Braunchweig,
Germany — 2Leibniz Universität Hannover, Institut für Quantenoptiik, 30167
Hannover, Germany
Optical clocks using trapped 27Al+ clock frequency reaches a fractional fre-
quency uncertainty below 10−18 [1]. This makes it a viable candidate in a trans-
portable setup for relative geodesy measurements at cm height resolution. The
cooling and detection transitions of Al+ ion is not directly accessible. Therefore,
a co-trapped Ca+ ion is used for sympathetic cooling and state readout through
quantum logic spectroscopy. Highly stable lasers are needed to address both logic
transitions for 40Ca+ and 27Al+. We present a laser system operating at 729 nm
and 1068 nm locked to a Fabry-Pérot cavity of length 5 cm with dual wavelength
coating maintained at a pressure 3 x 10−9 mbar [2]. The 729 nm laser is used
for the 40Ca+ logic transition. The 1068 nm laser is frequency quadrupled and
used for 27Al+ state preparations and quantum logic operations. The results on
stability measurements of two lasers onto the same cavity and correlation mea-
surements in photo-thermal noise are shown.

[1] S. M. Brewer, et al., PRL 123, 033201(2019).
[2] Fabian Dawel, et al., arXiv:2311.11610.

Q 56.33 Thu 17:00 KG I Foyer
Artificial clock transitions withmultiple trapped 40Ca+ ions as frequency ref-
erences — ∙Kai Dietze1,2, Lennart Pelzer1, Ludwig Krinner1,2, Fabian
Dawel1, Johannes Kramer1,2, and Piet O. Schmidt1,2 — 1QUEST Institute
for Experimental Quantum Metrology, Physikalisch-Technische Bundesanstalt,
38116 Braunschweig, Germany — 2Bundesallee 100
The statistical uncertainty of trapped ion optical atomic clocks is often limited
by the quantum projection noise (QPN) of the underlying quantum system. Low
ion numbers, dephasing and transition broadening due to environmental noise
or adjacent ions is limiting the transition linewidth and signal-to-noise ratio and
therefore the achieavable statistical uncertainty. Here we focus on creating artifi-
cial quantum systemwith the Zeeman states of the 4S1/2 to 5D5/2 clock transition
of 40Ca+, improving the QPN compared to classical interrogation protocols. We
will present our results on creating a frequency reference using continuous dy-
namical decoupling, mitigating noise from magnetic field fluctuations as well
as the quadrupole-shift often limiting larger ion numbers [1]. Furthermore we
will present results on using GHZ entangled states between two ions as a fre-
quency reference. These state are designed to be in a decoherence free subspace
against magnetic field fluctuations, allowing close to lifetime limited coherence
times. We demonstratedQPN-limited relative frequency stability for this system,
reaching even below the QPN of uncorrelated atoms for intermediate timescales.
[1] Pelzer et al., arXiv:2311.13736

Q 56.34 Thu 17:00 KG I Foyer
Recent progress on PTB’s transportable Al+ ion clock — ∙Constantin
Nauk1, Benjamin Kraus1, Joost Hinrichs1,2, Gayatri Sasidharan1, and
Piet O. Schmidt1,2 — 1Physikalisch-Technische Bundesanstalt, 38116 Braun-
schweig, Germany— 2Leibniz Universität Hannover, Institut für Quantenoptik,
30167 Hannover, Germany
Optical atomic clocks demonstrate remarkable fractional systematic and statisti-
cal frequency uncertainties on the order of 10−18, opening the door to novel ap-

plications. One such application are height measurements in relativistic geodesy
at the cm level. However, earth monitoring field campaigns require robust, reli-
able and transportable hardware.

For this purpose, we are currently setting up a clock based on the 1S0 → 3P0
transition in 27Al+. A co-trapped 40Ca+ ion allows state detection and cooling
through quantum logic spectroscopy and sympathetic cooling.

We present the 19" rack design and the current status of the transportable ap-
paratus. The physics package, including the vacuum system designed for pres-
sure ranges below 10−10 mbar, and the surrounding optics are discussed. No-
tably, we present a combining laser setup that combines laser light for ionization,
cooling, state read-out and repumping into one fiber. Additionally, we show-
case the performance of the cavity-stabilized clock light fundamental laser with
a fractional frequency instability of about 2 ⋅ 10−16 at 1 second.

Q 56.35 Thu 17:00 KG I Foyer
Probing physics beyond the standard model using ultracold mercury —
∙ThorstenGroh, SaschaHeider, and Simon Stellmer—Physikalisches In-
stitut, Universität Bonn, Nussallee 12, 53115 Bonn
Dark matter searches for physics beyond the standard model (SM) range from
cosmological observations to high-energy collision experiments and low-energy
table-top experiments. The baryon asymmetry of the universe explained by re-
cent baryogenesis therories requires a degree of CP-violation that might result
in a measurable atomic electric dipole moment (EDM). High precision spec-
troscopy of atomic isotope shifts could probe for a new force carrier that directly
couples neutrons and electrons [Delaunay, PRD 96, 093001 (2017); Berengut,
PRL 120, 091801 (2018)].

Mercury being one of the heaviest laser-coolable elements makes it an ideal
platform for beyond SM physics like baryon asymmetry searches [Graner PRL
116, 161601 (2016)]. Excellent for isotope shift spectroscopy it possesses five
naturally occurring bosonic isotopes, all of which we laser cool in our lab.

We report on recent improvements and upgrades on the machine for trans-
ferring magneto-optically trapped mercury atoms to a high power optical dipole
trap. We present latest results on high resolution deep UV laser isotope shift
spectroscopy andmultidimensional King plot analysis of the nonlinearities. Fur-
thermore we give outlook to beyond the state-of-the-art measurements of the
atomic EDM of mercury.

Q 56.36 Thu 17:00 KG I Foyer
Towards an Autonomous Laser System for Operation in Quantum Tech-
nology Applications — ∙Janpeter Hirsch, Martin Gärtner, Stephanie
Gerken, Sriram Hariharan, Nora Goossen-Schmidt, Simon Kubitza,
Norbert Müller, Max Schiemangk, Christoph Tyborski, Dian Zou, and
AndreasWicht— Ferdinand-Braun-Institut (FBH), Berlin, Germany
In the domain of quantum sensors, compact laser systems with extremely nar-
row linewidth and precise control over emission frequency and output power
are indispensable components. To alleviate the user’s workload, expedite opera-
tional processes, and reduce the level of expertise required, an automated adjust-
ment of various actuators becomes essential. As part of an integrated solution,
we introduce a high-power, narrow-linewidth laser module, complemented by a
frequency-tunable reference module, both operating at a wavelength of 767 nm.
While the laser module features an active stabilization of the optical resonator
length and enables mode-hop-free tuning of the optical emission frequency, the
frequency referencemodule facilitates an accelerated lock-acquisition. Together,
these advancements pave theway formore accessible and efficient quantum tech-
nology applications.

Acknowledgement: This work was supported by VDI Technologiezen-
trum GmbH / Federal Ministry of Education and Research (grant numbers:
13N14906, 13N15724), byDLR SpaceAdministration / FederalMinistry for Eco-
nomic Affairs and Climate Action (grant numbers: 50WM2053, 50WM2152,
50WM2176, 50WM2164) and by Investitionsbank Berlin / European Union
(grant number:10168115).

Q 56.37 Thu 17:00 KG I Foyer
Sideband Thermometry on Ion Crystals — ∙Ivan Vybornyi1, Laura
Dreissen2,3, Dominik Kiesenhofer4,5, Helene Hainzer4,5, Matthias
Bock4,5, Tuomas Ollikainen4,5, Daniel Vadlejch2, Christian Roos4,5,
TanjaMehlstäubler2,6, and KlemensHammerer1 — 1Institut für theoretis-
che Physik, Leibniz Universität Hannover, Appelstraße 2, 30167 Hannover, Ger-
many— 2Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, 38116
Braunschweig, Germany — 3Department of Physics and Astronomy, Laser-
Lab, Vrije Universiteit, De Boeleaan, 1081 HV Amsterdam, The Netherlands
— 4Universität Innsbruck, Institut für Experimentalphysik, Technikerstraße 25,
6020 Innsbruck, Austria — 5Institut für Quantenoptik und Quanteninforma-
tion, Österreichische Akademie der Wissenschaften, Technikerstraße 21a, 6020
Innsbruck, Austria— 6Institut für Quantenoptik, Leibniz Universität Hannover,
Welfengarten 1, 30167 Hannover, Germany
Coulomb crystals of cold trapped ions are a leading platform for quantum com-
puting, simulations and metrology. For these applications, it is essential to be
able to determine the crystal’s temperature with high accuracy, which is a chal-
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lenging task for large crystals due to complex many-body correlations. Recently
[arXiv:2306.07880v3] we presented an ion crystal thermometry method that
deals with this problem. With two experiments (4 ions 1D linear chain and 19
ions 2D crystal) we test the newmethod and cross-check it via other techniques.
The results confirm the new method being accurate and efficient. Current work
aims to generalize ion thermometry for non-thermal states of motion.

Q 56.38 Thu 17:00 KG I Foyer
Nigtrogen vacancy center based magnetometer and gradiometer — ∙JIxing
Zhang, MichaelKuebler, Magnus Benke, YihuaWang, AnjanaKaruvay-
alil, and JoergWrachtrup—3rd Institute of Physics, University of Stuttgart,
70569 Stuttgart, Germany
Diamond nitrogen vacancy (NV) centers have emerged as a promising plat-
form for quantum sensing with diverse applications spanning multiple disci-
plines. This research focuses on harnessing the unique capabilities of high-
concentration NV centers to achieve unparalleled sensitivity in magnetometry,
thereby unlocking significant potential formagnetic measurements. In compari-
son to established magnetometry technologies like SQUID and OPM, NV-based
magnetometry stands out by offering a larger dynamic range, enhanced band-
width, and superior spatial resolution. This abstract introduces a novel magnetic
gradiometer, comprising twoNV-basedmagnetometers strategically designed to
resolve weak magnetic signals from a test object amid challenging high environ-
mental magnetic field noise conditions. The study showcases the design prin-
ciples and presents compelling measurement results for the NV ensemble gra-
diometer. Our findings highlight its remarkable potential for capturingmagnetic
signals associated with human muscle and brain activity. This breakthrough not
only underscores the versatility of NV-based magnetometry but also positions
it as a transformative technology for advancing our understanding of complex
biological processes.

Q 56.39 Thu 17:00 KG I Foyer
Optimal Ramsey interferometry with echo protocols based on one-axis twist-
ing — ∙Maja Scharnagl1, Timm Kielinski2, and Klemens Hammerer2 —
1Institute for Theoretical Physics, Leibniz University Hannover, Appelstrasse 2,
30167 Hannover, Germany— 2Institute for Theoretical Physics and Institute for
Gravitational Physics (Albert-Einstein-Institute), Leibniz University Hannover,
Appelstrasse 2, 30167 Hannover, Germany
We study a variational class of generalized Ramsey protocols that include two
one-axis twisting (OAT) operations, one performed before the phase imprint and
the other after. In this framework, we optimize the axes of the signal imprint, the
OAT interactions, and the direction of the final projective measurement. We dis-
tinguish between protocols that exhibit symmetric or antisymmetric dependen-
cies of the spin projection signal on the measured phase. Our results show that
the quantum Fisher information, which sets the limits on the sensitivity achiev-
able with a given uniaxially twisted input state, can be saturated within our class
of variational protocols for almost all initial twisting strengths. By incorporat-
ing numerous protocols previously documented in the literature, our approach
creates a unified framework for Ramsey echo protocols withOAT states andmea-
surements.

Q 56.40 Thu 17:00 KG I Foyer
Progress towards a continuous wave superradiant Calcium Laser — ∙David
Nak and Andreas Hemmerich — Institut für Quantenphysik, Universität
Hamburg, Hamburg, Deutschland
Superradiant Lasers are suitable as light sources with ultralow bandwidth, as
their emission frequency is only weakly dependent on an eigenfrequency of the
laser cavity. They can be used as a read-out tool for precise optical atomic clocks.
Currently, our experiment loads cold Calcium-40 atoms from a magneto optical

trap into a one-dimensional optical lattice prepared inside a cavity. By incoher-
ent population of the metastable triplet state, pulsed superradiant emission on
the intercombination line was realized [1].

We will present our progress with the advancement of our bichromatic MOT
and our incoherent repumping protocol, which will enable us to maintain the
superradiant state for an extended period of time.
[1] T. Laske, H. Winter, and A. Hemmerich, Pulse Delay Time Statistics in a
Superradiant Laser with Calcium Atoms, Phys. Rev. Lett. 123, 103601 (2019).

Q 56.41 Thu 17:00 KG I Foyer
spin-dependent exotic interactions— ∙lei cong1,2, wei ji1,2, pavel fadeev1,
filip ficek1, min jiang1, victor v. flambaum1, haosen guan1, derek f.
jackson kimball1, mikhail g. kozlov1, yevgeny v. stadnik1, and dmitry
budker1 — 1Helmholtz-Institut, Mainz 55128, Germany, and others — 2Equal
contribution
The fifth force may arise due to “new physics” beyond the standard model. We
focus on the spin-dependent fifth forces that are mediated by new particles,
such as spin-0 particles (axion and axion-like-particles) and spin-1 particles (e.g.
light Z’ particle or massless paraphoton). These new ultralight particles are also
candidates for dark matter and dark energy, and may also break fundamental
symmetries. Spin-dependent interactions between fermions have been exten-
sively searched for in experiments, employing methods such as comagnetome-
ters, nitrogen-vacancy spin sensors, and precision measurements of atomic and
molecular spectra [1, 2, 3]. Our research involves a theoretical reassessment of
exotic spin-dependent forces [4]. It produces a systematic and complete set of
interaction potentials expressed in terms of reduced coupling constants. We will
conduct an extensive analysis of the existing body of experimental literature on
spin-dependent fifth forces, which will produce systematic exclusion plots. This
will lead to a comprehensive understanding of the current research landscape
and provide insights for further research.

References: [1] Wei Ji, et al. PRL, 130, 133202, 2023. [2] Xing Rong, et al. NC,
9, 739, 2018. [3] Filip Ficek, et al. PRL, 120, 183002, 2018. [4] Pavel Fadeev, et
al. PRA, 99, 022113, 2019.

Q 56.42 Thu 17:00 KG I Foyer
Low-noisemagnetic sensing with tin-vacancy centers— ∙GesaWelker1, Yu-
fan Li1, Toeno van der Sar1, and Richard Norte2 — 1Faculty of Applied
Sciences, TU Delft, The Netherlands — 2Faculty of 3mE, TU Delft, The Nether-
lands
Similar to the well-known nitrogen-vacancies (NV), tin-vacancy (SnV) defects
in diamond have optically active spins. One of their most intriguing properties
is their resilience to electrical noise, which is four orders of magnitude higher
than for NV centers [1]. SnV centers are therefore expected to be formidable
magnetic field sensors that outperform NV-based sensors at cryogenic tempera-
tures. To the best of our knowledge, SnV centers have not been used for sensing
since their experimental realization in 2017 [2,3]. We develop a fiber-coupled
scanning-SnV-magnetometry setup, based on earlier work in our group with
fiber-coupled NV centers [4]. We attach a diamond nanobeam with SnV centers
to a tapered optical fiber, which we then scan across a sample. Fiber coupling in-
creases sensitivity via a high optical excitation and collection efficiency. It allows
using low laser power, thereby bringing millikelvin magnetometry into reach.
Furthermore, fiber coupling eliminates the need for realignment of free-space
optics when cooling to cryogenic temperatures. Our goal is achieving a sensitiv-
ity high enough to study weakmagnetic signatures in condensedmatter systems,
e.g. 2D materials or correlated electron systems. [1] De Santis et al., PRL 127,
147402 (2021) [2] Iwasaki et al., PRL 119, 253601 (2017) [3] Ditalia Tchernij et
al., ACS Photonics 4, 2580-2586 (2017) [4] Li et al., ACS Photonics 10, 1859-1865
(2023)
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Q 57.1 Thu 17:00 Aula Foyer
Implementation of a laser system for alkali vapor MEMS cell acti-
vation — ∙Janice Wollenberg1, Jenichi Clairvaux Felizco2, Julien
Kluge1,2, Daniel Emanuel Kohl1,2, Kai Gehrke2, Andreas Thies2, Klaus
Döringshoff1,2, Olaf Krüger2, and Markus Krutzik1,2 — 1Institut für
Physik -Humboldt-Universität zu Berlin— 2Ferdinand - Braun-Institut, Leibniz
- Institut für Höchstfrequenztechnik
We present a laser system designed for activating and characterizing Rubidium
vaporMEMS cells. These mm-size cells are intended for use in chip-scale optical
frequency references utilizing two-photon spectroscopy of Rubidium at 778 nm.

Our approach involves employing a high-power laser at 1064 nm to release
elementary Rb from a dispenser pill within the MEMS cell. Within the dual-
chambered MEMS cell, one chamber contains the Rb dispenser pill, which gets
activated by the 1064 nm laser and releases Rb vapor into the second spec-

troscopy chamber via micro-channels. There, we use Doppler-free saturation
spectroscopy of the D2 transition at 780 nm to characterize the quality of the
cells. The outcomes of this work are expected to contribute to the development
of optical frequency references, expanding their potential applications, e.g., in
optical atomic clocks based on two-photon spectroscopy of Rubidium.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the FederalMinistry for EconomicAffairs andClimateAction (BMWK)
due to an enactment of the German Bundestag under grant numbers 50RK1971.

Q 57.2 Thu 17:00 Aula Foyer
Status of amodernMichelsonMorley experiment using ultrastable cryogenic
cavities and shot noise limited cryogenic detectors — ∙Erich Günter Leo
Pape, EvgenyKovalchuk, andAchimPeters—Newtonstr. 15, 12489, Berlin,
Humboldt Universität zu Berlin, Institut für Physik
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We present advancements in cryogenic experiments, showcasing an optical sap-
phire cavity setup for aMichelson-Morley experiment on Lorentz violations with
a target frequency stability of 10−16Hz/Hz. Furthermore, we present our cryo-
genic detectors using a cryogenicMESFET preamplifier for high bandwidth shot
noise-limited performance at 10μW laser power, contributing to enhanced pre-
cision in signal detection.

Q 57.3 Thu 17:00 Aula Foyer
Optofluidic lasingwithin afiber-basedmicroresonator— ∙MustafaGerdan,
Shalom Palkhivala, Larissa Kohler, and David Hunger — Karlsruhe In-
stitute of Technology, Karlsruhe, DE
Most biochemical processes which are of interest to biological examinations oc-
cur in aqueous environments and require sensitive measurement techniques.
The process of laser generation is highly sensitive to subtle changes in envi-
ronmental conditions, making a lasing-based sensor a promising candidate for
biosensing. As a first step towards optofluidic lasing-based sensing, we have
demonstrated a dye microlaser in a fiber-based Fabry-Perot optical resonator
[1] using rhodamine 6G as a gain medium. The resonator is integrated into a
microfluidic system, allowing reactions within the gain medium to directly in-
fluence the lasing of the microlaser. By monitoring the lasing output, e.g. via the
lasing threshold, small changes in the vicinity can be investigated. We shall re-
port work towards constructing an optofluidicmicrolaser using europium-based
molecules [2] as the gain medium. Europium presents distinct advantages in
contrast to organic dyes, including its resistance to bleaching, precisely defined
energy levels of the 4f-states, narrow linewidth of f-f transitions, and long life-
time. Such a device shows promise as a sensitive method in the monitoring of
biochemical processes, such as small concentration changes or cell dynamics in
a solution phase.

[1] Kohler, L. et al. Nat Commun 12, 6385 (2021)
[2] Kuzmanoski, A. et al. Zeitschrift für Naturforschung B,
Vol. 69 (Issue 2), pp. 248-254 (2014)

Q 57.4 Thu 17:00 Aula Foyer
Status of Laser Cooling at the FAIR SIS100 — ∙Denise Schwarz1, Jens
Gumm1, Benedikt Langfeld1, Sebastian Klammes2, Danyal Winters2,
and Thomas Walther1,3 — 1TU Darmstadt — 2GSI Darmstadt — 3HFHF
Darmstadt
Bunched relativistic ion beamswith a narrowmomentumdistribution are key for
precision experiments at accelerator facilities. To reduce the relative momentum
distribution, the principle of laser cooling can be utilized.
Past experiments conducted at the Experimental Storage Ring (ESR) at GSI have
demonstrated the advantage of both cw and pulsed UV laser in decreasing the
relative momentum distribution of bunched relativistic ion beams.
To achieve even better result, the integration of three laser systems, one cw and
two pulsed laser, has been proposed for laser cooling at the FAIR SIS100. To im-
plement this new scenario, overlap in space, time and energy of the three laser
beams with the ion beam needs to be optimized.
This work presents the specifics of laser cooling with the integration of three
laser systems and focuses mainly on creating good spatial overlap between ion
and laser beams, also taking into account the need for active laser beam stabi-
lization.

Q 57.5 Thu 17:00 Aula Foyer
Utilizing coupled mode theory for surrogate modeling with 3D FDTD sim-
ulations of GaAs-based surface Bragg grating — ∙Yasmin Rahimof, Igor
Nechepurenko, Sten Wenzel, Reza Mahani, and Andreas Wicht —
Ferdinand-Braun-Institut (FBH)
Diode lasers with remarkably narrow linewidths, like Extended Cavity Diode
Lasers (ECDLs), are vital components for photonic systems which have various
applications in quantum computing, optical atomic clocks and quantum sensors
based on atom interferometry. The monolithic ECDL (mECDL) represents an
advanced photonic device, integrating electro-optical efficiency and compact-
ness onto a single GaAs chip. This study introduces a surrogate model for the
Bragg gratings in mECDL.

Recent mECDL improvements focus on optimizing Bragg gratings to re-
duce frequency noise. Achieving this goal involves utilizing Finite-Difference
Time-Domain (FDTD) simulations to investigate the reflectance spectra. How-
ever, conducting these simulations is computationally complex. This complexity
presents challenges, particularly in the context of large-scale structure simula-
tions. To overcome this problem, we have employed a more efficient approach
by integrating 3D FDTD with 1D coupled mode theory. This ”hybrid” method
created an accurate surrogate model for predicting Bragg grating’s reflectance
spectrum, drastically reducing simulation time. In summary, our research in-
troduces a robust surrogate model for mECDL Bragg grating, enabling precise
performance predictions instead of implementing time-consuming 3D simula-
tions.

Q 57.6 Thu 17:00 Aula Foyer
Tunability of a Pulsed UV Laser System for Laser Cooling of Relativis-
tic Bunched Ion Beams — ∙Tamina Grunwitz, Benedikt Langfeld, and
ThomasWalther— Technische Universität Darmstadt
The usage of laser cooling as the only cooling method at FAIR’s new synchrotron
SIS100 promises a narrowmomentumdistribution of the relativistic bunched ion
beams. In order to address a wide range of ion velocities, the pulsed laser system
used for cooling must have the ability to be tunable at the cooling wavelength in
the UV region.

In this contribution, we present our tunable pulsed laser system at a center
wavelength of 257 nm. For tunability of the whole system, the seed wavelength
can be tuned over a range of 3 nm around the center wavelength of 1030 nm.
To ensure that this change in wavelength is converted to the UV region at max-
imum performance, both angle adjustments of the fiber amplifiers ASE filters
and phase matching of the second SHG stage (critical phase matching) must be
automated. In this work, we will present recent progress on these automations
and their performance.

Q 57.7 Thu 17:00 Aula Foyer
Generation of cw UV radiation using elliptical focusing enhancement cavi-
ties — ∙Jens Gumm1, Daniel Preissler1, and Thomas Walther1,2 — 1TU
Darmstadt — 2HFHF Darmstadt
Long term cw laser operation with high output power in the UV spectral range
is of great interest in many scientific and commercial applications.
Generation of cw-UV light is often realized by resonant second harmonic gen-
eration employing β-Barium Borate (BBO) as the nonlinear optical medium. A
known parasitic effect in BBO is the degradation of the crystal due to two-photon
absorption.
We theoretically showed that elliptical focusing can lead to higher conversion
efficiencies compared to the spherical optimum and decreases the peak intensity
in the nonlinear crystal.
Experimentally, we demonstrated UV powers in excess of 2W.

Q 57.8 Thu 17:00 Aula Foyer
DefectDynamics andMicrostructure inColloidalGlassesUsingHolographic
Optical Tweezers — ∙Rhuthwik Sriranga1,2, Ratimanasee Sahu1, Dipt-
abrata Paul1, GV Pavan Kumar1, Vijayakumar Chikkadi1, and Patrick
Windpassinger2 — 1Indian Institute of Science Education and Research Pune,
India — 2Institute of Physics, Johannes Gutenberg-Universität Mainz
This study delves into the intricate relationship between plastic activity and mi-
crostructure in amorphous materials using optical tweezer techniques. Shear
fields in a colloidal monolayer are generated using holographic optical tweezers
with a Laguerre-Gaussian beam and a spatial light modulator. With this setup,
we examine the relationships between defect dynamics and microstructure in a
quasi-2D system of colloidal glasses, including the orientation of defects with
respect to the shear direction. Using time-shared optical tweezers to trap more
than 250 particles, we investigate the effect of random pinning on the phonon
modes in colloidal crystals and glasses. Through these optical techniques, we aim
to bridge the gap in understanding the behaviour of disordered solids and their
response to external stimuli, providing valuable insights into the fundamental
mechanics of amorphous substances.

Q 57.9 Thu 17:00 Aula Foyer
Advancing Fiber Cavity QED with Precision Mirror Fabrication — ∙Nick
Theilacker, Patrick Maier, Gregor Bayer, Selene Sachero, Robert
Berghaus, David Opferkuch, and Alexander Kubanek — University Ulm
, Institute for Quantum Optics, Albert-Einstein-Allee 11, 89081 Ulm, Germany
In quantum photonic applications, achieving efficient single-photon exchange
requires high-quality resonators. Researchers focus on reducing mode volume
(V) and increasing quality factor (Q) in Fabry-Pérot resonators. This involves
crafting concave structures with a small radius of curvature (ROC) and low sur-
face roughness (Osc). Here, we report on our latest effort to optimize the ratio
of Q over V to estabish concave mirrors for next generation F.-P. microcavities.

Q 57.10 Thu 17:00 Aula Foyer
Noise cancelling in solid-state lasers— ∙Thomas Konrad1, Tobias Steinle1,
Roman Bek2, Michael Scharwaechter2, Matthias Seibold2, Andy
Steinmann1, and Harald Giessen1 — 14th Physics Institute and Research
Center SCoPE, University of Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart —
2Twenty-One Semiconductors GmbH, Allmandring 3, 70569 Stuttgart
Ultra-low-noise laser sources are key for fast and precise measurements, for in-
stance in the fields of bioimaging, near-field optical microscopy, and gravita-
tional wave detection. Besides efficient detection, the laser noise figure is the
dominating factor that should be exploited to the fundamental limit demarked
by the shot noise. Higher laser noise can be compensated by longer averaging,
but the penalty in measurement time scales with the square of the excess noise.
Especially with biological samples a significant longer measurement time can al-
ter the results. Therefore, noise reduction of the system itself is more beneficial
than longer measurement durations.
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In this work we investigate an active noise cancelling scheme in solid state
lasers, which are commonly used in many high precision applications. Instead
of reducing the noise after the laser, we investigate approaches to reduce the laser
noise at its source, namely the laser cavity itself. Due to a resonant coupling be-
tween the lifetime of the gain medium and the intracavity laser field, relaxation
oscillations are one dominating noise phenomenon in solid-state lasers. Our ap-
proach is to actively modulate the absolute gain in a solid-state laser against the
relaxation oscillations to achieve wide-band ultra-low intensity noise.

Q 57.11 Thu 17:00 Aula Foyer
Machine-aided Autonomous Dispersion Compensation of Femtosecond
Pulses in a Fiber-Integrated System — ∙Mehmet Müftüoglu, Bennet Fis-
cher, and Mario Chemnitz — Leibniz-Institute of Photonic Technologies,
Albert-Einstein-Str. 9, 07745 Jena, Germany.
Dispersion compensation is crucial for optical communication and nonlinear
optics. Typical compensation methods rely on bulky dispersive elements such
as prisms and gratings or dispersive compensating fibers(DCFs). In this work,
we compensated 6-meter fiber system dispersion to achieve transform-limited
femtosecond pulses at the lead fiber’s distal end. Wave shaping manipulates in-
dividual frequencies in the frequency domain, enhancing control over the phase
profile. Our setup consists of a laser, an amplifier(EDFA), a waveshaper, an auto-
correlator, and a computer. Our methodology incorporates a feedback loop be-
tween the autocorrelator and the waveshaper to optimize the phase of an ultra-
short pulse autonomously. For unsupervised system control, we implement the
Particle Swarm Optimization algorithm to compensate for target system con-
figuration (e.g. fiber lengths or pump power). The swarm algorithm optimizes
the seven free parameters of a polynomial Taylor expansion in 6th order. In
our experiments, we consistently approached transform-limited pulses in vari-
ous scenarios, achieving durations of 120 fs at lower power and 72 fs at higher
power. Our machine-assisted compression method is applicable to supercontin-
uum spectra excitation in highly nonlinear fibers.

Q 57.12 Thu 17:00 Aula Foyer
Coherent control in V-type systems: Simulation insights using intense two-
dimensional coherent spectroscopy — ∙Rishabh Tripathi, Krishna Kumar
Maurya, and Rohan Singh — Indian Institute of Science Education and Re-
search, Bhopal
Our study investigates coherent control in V-type three-level systems using
high-intensity, ultrafast laser pulses, explored through two-dimensional coher-
ent spectroscopy (2DCS). Employing numerical solutions of the optical Bloch
equations, we analyze the response of a V-type system to Gaussian pulses of 10
fs and 120 fs. The research reveals that shorter pulses induce uniform Rabi oscil-
lations, whereas longer pulses result in complex quantum interference and state-
specific population dynamics. This distinction underscores the pivotal role of
pulse duration and spectral properties in modulating quantum interactions.

Our 2DCS simulations, utilizing phase-cycling methods, provide insights
into the system’s spectral response in both perturbative and non-perturbative
regimes. These simulations reveal the manipulation of spectral peak amplitudes
and phases by adjusting the pulse areas, demonstrating control over the system.

This work contributes to the understanding of light-matter interactions in
quantum systems and highlights the potential of tailored laser pulses for ad-
vanced coherent control, with implications for atomic vapors, semiconductor
nanostructures, and photonics research.

Q 57.13 Thu 17:00 Aula Foyer
Towards frequency comb Raman spectroscopy for quantum logic — ∙Elyas
Mattivi— Institut für Experimentalphysik, Universität Innsbruck, Techniker-
str. 25, A-6020 Innsbruck, Austria
One of the most attractive quantum computing platforms is that of atomic ions.
We aim to investigate an alternative approach that substitutes atomic ions with
molecular ions, which allows for the utilization of rotational degrees of freedom
for quantum information encoding. However, due to the complex internal struc-
ture of molecules, advanced methods are required to manipulate and readout
their quantum states. In order to prepare, control, and characterize molecules
at the quantum level, we are developing a setup for two-beam frequency comb
Raman spectroscopy.

The two-beam frequency comb Raman setup allows precise control over driv-
ing rotational transitions in molecular ions. We will drive two-beam frequency
comb Raman carrier transitions between the electronic D-levels in Ca+. The
same system will be used for driving rotational state transitions in CaH+ and
CaOH+. The possibility of directly driving sideband transitions with the fre-
quency comb will also be explored. Driving rotational transitions in molecules,
especially sideband transitions, requires higher intensities, necessitating the use
of an amplifier. Dispersion in the optical path also decreases Raman efficiency.
My project focuses on the amplification and dispersion compensation of the
comb light used in this Raman setup.

Q 57.14 Thu 17:00 Aula Foyer
Towards state preparation, readout, and control of polyatomicmolecular ions
using quantum logic spectroscopy— ∙Mariano Isaza-Monsalve—Univer-
sity of Innsbruck, Innsbruck, Austria

Molecular ions offer more degrees of freedom than atomic ions. These larger
Hilbert spaces are rich and interesting landscapes to explore, possibly enabling
quantum information applications such as quantum error correcting (QEC)
schemes not available in atomic ions. This requires efficient and precise con-
trol of the molecular ion states. Co-trapping a molecular ion with an atomic ion
facilitates state preparation and readout via quantum logic spectroscopy. Our
group aims to use calcium-based molecules, e.g., CaH+ or CaOH+, co-trapped
with a 40Ca+ ion for exploring these applications in QEC and precision spec-
troscopy. Coherent control within a rotational manifold of a molecular ion can
be achieved by driving two-beam Raman transitions, as direct transitions be-
tween the sublevels in the same manifold are forbidden by selection rules.

Q 57.15 Thu 17:00 Aula Foyer
Enhancing multi-electron event reconstruction for delay line detectors using
deep learning — ∙Tobias Volk1, Marco Knipfer1, Stefan Meier1, Jonas
Heimerl1, Sergei Gleyzer2, and Peter Hommelhoff1 — 1Department of
Physics, Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU), 91058 Er-
langen, Germany — 2Department of Physics and Astronomy, University of Al-
abama, Tuscaloosa, AL 35487, USA
Accurate detection of multiple, closely spaced electrons is of utmost interest for
correlation experiments [1, 2]. However, the reconstruction of individual elec-
trons becomes particularly challenging if multiple electrons arrive closely con-
fined in space and time. One possibility for a multi-hit capable detector system
are so-called delay line detectors, where the core aspect of electron event recon-
struction is the detection of voltage peaks. While classical methods work well
on single electron events, they fail to reconstruct multiple close electrons arriv-
ing within a narrow time window. The result is a profound dead zone hindering
the evaluation of especially interesting, close electron events. To address this
challenge, we introduce a deep learning approach for the spatio-temporal re-
construction of multi-electron events [3]. We achieve a dead radius of 2.5 mm,
reducing the classical limit by a factor of 8 while improving the overall resolu-
tion. Based on this, already existing delay-line setups can be improved posterior,
not limited to electrons.

[1] S. Meier et al., Nature Physics 19, 1402-1409 (2023)
[2] R. Haindl et al., Nature Physics 19, 1410-1417 (2023)
[3] M. Knipfer et al., arXiv:2306.09359 (2023)

Q 57.16 Thu 17:00 Aula Foyer
Optical coherence tomography of encapsulated two-dimensional materi-
als using extreme ultraviolet radiation from high-harmonic generation
sources — ∙Felix Wiesner1, Julius Reinhard1,2, Johann J Abel1, Martin
Wünsche1, Gerhard G Paulus1,2, and Silvio Fuchs1,2,3 — 1Institute of Op-
tics and Quantum Electronics, Friedrich Schiller University Jena, Jena, Germany
— 2Helmholtz Institute Jena, Jena, Germany — 3University of Applied Sciences
Mittweida, Laserinstitut (LHM, Mittweida, Germany
Atomically thin materials, such as graphene or transition-metal dichalgonides
(TMDs), demonstrate exciting physical properties. For the majority of applica-
tions, the monolayers must be encapsulated for passivation, protection, or func-
tionalization. Although many techniques exist to characterize the monolayers
themselves, methods for imaging encapsulated monolayers are lacking.

Coherence tomography with extreme ultraviolet light (XCT) is a high resolu-
tion, high sensitivity technique for axial imaging. The high spatial resolution is
enabled by the use of broadband extreme ultraviolet (EUV) light produced by
high-harmonic generation (HHG). Consequently, XCT promises to provide im-
portant information on the structure of samples containing encapsulated mono-
layers.

This study applies XCT to the investigation of graphene layers in a silicon en-
capsulation. Mono-, bi-, and trilayers of encapsulated graphene can be differ-
entiated. Furthermore the interface roughness and the thickness of native oxide
layers can be reconstructed. We discuss the applicability of the method to addi-
tional types of samples.

Q 57.17 Thu 17:00 Aula Foyer
Evolution of Floquet topological quantum states in drivensemiconductors
— Andreas Lubatsch1 and ∙Regine Frank2,3 — 1Physikalisches Institut,
Rheinische Friedrich Wilhelms Universitaet Bonn — 2College of Biomedical
Sciences, Larkin University, Miami, Florida, USA — 3Donostia International
Physics Center, 20018 Donostia-San Sebastian, Spain
Spatially uniform excitations can induce Floquet topological band-structures
within insulators which have equal characteristics to those of topological insu-
lators. We demonstrate the evolution of Floquet topological quantum states for
electromagnetically driven semiconductor bulkmatter. We show the direct phys-
ical impact of the mathematical precision of the Floquet-Keldysh theory when
we solve the driven system of a generalized Hubbard model with our framework
of dynamical mean field theory (DMFT) in the non-equilibrium with physical
consequences for opto-electronic applications. [1] A. Lubatsch, R. Frank, Eur.
Phys. J. B (2019) 92: 215 [2] A.Lubatsch, R. Frank, Symmetry 2019, 11, 1246 [3]
P.-C. Chang, J.G.Lu, Appl. Phys. Lett. 2008, 92, 212113
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Q 58: Ultra-cold Atoms, Ions and BEC IV (joint session A/Q)
Time: Friday 11:00–13:00 Location: HS 1098
See A 37 for details of this session.

Q 59: Lasers II
Time: Friday 11:00–13:00 Location: HS 1015

Q 59.1 Fri 11:00 HS 1015
LowRepetitionRateOptical Frequency Combs for Precision Spectroscopy—
∙Muhammad Thariq1, Francesco Canella1,2,3, Johannes Weitenberg1,4,
Fabian Schmid1,5, Paras Dwivedi1,6, Gianluca Galzerano3, Theodor W.
Hänsch1,6, ThomasUdem1,6, and AkiraOzawa1 — 1Max-Planck-Institut für
Quantenoptik, 85748 Garching, Germany — 2Dipartimento di Fisica, Politec-
nico di Milano, 20133 Milan, Italy — 3Istituto di Fotonica e Nanotecnologie -
Consiglio Nazionale delle Ricerche, 20133 Milan, Italy — 4Fraunhofer-Institut
für Lasertechnik ILT, 52074 Aachen, Germany — 5Institute for Quantum Elec-
tronics, ETH Zürich, 8093 Zurich, Switzerland — 6Fakultät für Physik, Ludwig-
Maximilians-Universität München, 80799 Munich, Germany
High harmonic generation (HHG) can be used to generate extreme ultraviolet
(XUV) frequency combs (FCs) for precision spectroscopy. Unfortunately, HHG
requires very high peak power for frequency conversion. In this work, we pro-
pose to use a low repetition rate FC to drive HHG, where the repetition rate is
reduced using an AOM-based pulse picker, while the peak power of the FC is in-
creased, allowing HHG to be performed at moderate average powers. A 40 kHz
repetition rate FC is demonstrated from a 40 MHz repetition rate mode-locked
Yb:KYW oscillator. Pulse amplification to 4.175 μJ pulse energy is achieved us-
ing multi-stage Yb:LuAG amplifiers, with future plans to reach up to 50 μJ. The
results show the prospect of generatingXUV frequency combswith average pow-
ers below 10 W, making XUV FCs more accessible to researchers across disci-
plines.

Q 59.2 Fri 11:15 HS 1015
Methods for focusing VUV laser light onto a single 229Th ion — ∙Tamila
Rozibakieva1, Irtiza M. Hussain1, Lilli Löbell1, Daniel Moritz1,
Kevin Scharl1, JohannesWeitenberg2, MarkusWiesinger1, Stephan H.
Wissenberg2, and Peter G. Thirolf1 — 1Ludwig-Maximilians-Universität
München (LMU) — 2Fraunhofer Institute for Laser Technology (ILT), Aachen
Direct frequency-comb spectroscopy is a promising way for narrow-band nu-
clear laser excitation. The combination of a VUV frequency comb being devel-
oped at Fraunhofer ILT and a cryogenic Paul trap set up at LMUMunich as part
of the ERC synergy project "ThoriumNuclear Clock", will enable us to excite the
isomeric first excited state in 229Th using laser radiation of 148.7 nmwavelength,
an important step towards the realization of a nuclear clock that can be used to
search for new physics beyond the standard model. For the single-ion nuclear
clock, a laser-cooled 229Th3+ ion must be irradiated with a single mode of a fre-
quency comb with narrow bandwidth. When focusing to a spot with a diameter
of 3 μm, we envisage sufficient laser radiation intensity for driving nuclear Rabi
oscillations. For such tight focusing of a VUV beam on a single ion, it is impor-
tant to choose the proper optical elements that minimize optical aberrations and
power losses due to interaction with optical materials. Different methods and
simulations for focusing a VUV beam down to 3 μm, such as a spherical mirror,
an off-axis parabolic mirror and an achromatic lens, will be presented. Fund-
ing: ERC Synergy project, Grant Agreement No. 856415 and BaCaTec (grant
7-2029-2).

Q 59.3 Fri 11:30 HS 1015
Spectroscopic isotope separation in hot rubidium vapor — ∙Timon
Damböck1, Denis Uhland1, Gunnar Langfahl-Klabes1, Robert Löw2,
and Ilja Gerhardt1 — 1Leibniz Universität Hannover, Appelstrasse 2, 30167
Hannover — 2Universität Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart
Whether formedical applications, radiation protection or the utilization in phys-
ical metrology – having access to a pure or enriched amount of a single isotope
can be a major advance. Natural abundant rubidium is composed of 85Rb and
87Rb. Since these isotopes differ in their nuclear spin, the hyperfine groundstates
are spectrally well separated. Our experimental setup consists of two vapor cells
which are interconnected by a capillary. Resonant high power lasers are used to
exert a light induced drift on the individual rubidium isotopes [1]. Changes in
isotope concentration in the cells are measured using absorption spectroscopy.
This talk will discuss our progress to enrich and separate rubidium isotopes in
hot atomic vapor using light induced drift.
[1] Okamoto, M. et al. Observation of Light-Induced Drift Effect of Rubidium

by Using Two Diode Lasers for Pumping and Re-Pumping. Materials Transac-
tions. 49, 11 (2008), pp. 2632-2635.

Q 59.4 Fri 11:45 HS 1015
Bioelectronics with ultrashort pulses — ∙Hrvoje Skenderović1, Mario
Rakić1, and VedranDjerek2 — 1Institute of Physics, Bijenicka cesta 46, 10000
Zagreb, Croatia — 2Physical Department University of Zagreb, Bijenička cesta
32 cesta
Two dimensional golden electrodes are drawn on a flexible polyimide sheet by
ultrashort laser pulses. Laser parameters for efficient ablation of themetal (about
10 nm thin) without damaging the PI substrate (about 50micrometers thin) were
investigated. The fabrication is optimised by spatial beam shaping.

Q 59.5 Fri 12:00 HS 1015
Nonliner Dynamics in Optical fibers for Sensing — ∙Glitta Rosalia
Cheeran, Bennet Fischer, andMarioChemnitz—Leibniz Institute of Pho-
tonic Technology
The study of nonlinear dynamics in optical fibers has attracted significant atten-
tion due to their applications inmulti-frequency laser engineering and nonlinear
imaging. In particular, supercontinuum generation, a complex nonlinear pro-
cess that leads to the generation of new frequencies over hundreds of terahertz,
has emerged as a versatile ultra-broadband source of light. This complex pro-
cess depends on various factors, including the properties of the input pulse and
the optical fiber involved. Our objective is to exploit the phase and amplitude
sensitivity of supercontinuum generation for sensing by examining alterations
of the spectral features of the output spectrum when an ultrashort pulse travels
through a highly nonlinear fiber. The aim is to comprehend this nonlinear be-
havior through numerical methods and utilize these dynamics to create highly
sensitive devices that can measure both the amplitude and phase of a sample
object with high accuracy. In the presentation, we will introduce the uncom-
mon concept of utilizing supercontinuum generation as a sensor instead of a
source. We demonstrate a model sensing system, featuring an artificial spectral
resonance as a narrowband frequency window, called ”bit”, within the spectral
bandwidth of a 100 fs input pulse defined around 1550 nm. The sensitivity of su-
percontinuum spectra is then measured using different statistical methods. The
next step is to utilize the simulation to examine realistic gas or liquid resonances.

Q 59.6 Fri 12:15 HS 1015
Ophthalmic Surgeries with Picosecond Laser Pulses— ∙Michael Körber1,2,
Jakob Fellinger3, Milan Fritsche1, Andreas Giese1, Konstantina
Kostourou4, Daniel Kopf3, Manfred Kottcke1, Francesco Luciani5,
Josef M. Schmidbauer2,5, Jonathan Wenk1, and Bernd Braun1 —
1Nuremberg Institute of Technology, Nuremberg, Germany— 2ParacelsusMed-
ical University, Nuremberg, Germany — 3MONTFORT Laser GmbH, Götzis,
Austria — 4NANEO Precision IBS Coatings GmbH, Lindau, Germany —
5Klinik Nürnberg Nord, Nuremberg, Germany
We demonstrate the advancement of various ophthalmic surgeries by using pi-
cosecond laser pulses. The surgeries evaluated were iridotomy, capsulotomy, se-
lective laser-trabeculoplasty and lens fragmentation. The tests were executed on
porcine eyes. We used a standard two-stage 12 ps laser and a novel ultra-compact
130 ps laser, as well as state-of-the art Nd:YAG nanosecond lasers as reference
to current surgery methods. The picosecond results were significantly better in
all aspects tested compared to nanoseconds: The pulse energy could be lowered
to some tens of microjoule instead of some millijoule, and the tissue ablation is
more precise, more deterministic and less frayed. Furthermore, we measured
large differences in shock wave pressures between the pulse lengths. Similar dif-
ferences were found for the heat input. The results could be transferred to hu-
man tissue samples and showed the same advantages. In summary, we achieved
substantial benefits with picosecond laser pulses. Thus, the ultra-compact pi-
cosecond laser provides a stable basis for a new generation of ophthalmic lasers.

Q 59.7 Fri 12:30 HS 1015
Far-field petahertz sampling of plasmonic fields — ∙Kai-Fu Wong1,2,
Weiwei Li3,4, Zilong Wang3,4, Vincent Wanie2, Erik Månsson2, Do-
minik Höing1,5, Johannes Blöchl3,4, Thomas Nubbemeyer3,4, Andrea
Trabattoni2,6, Holger Lange1,5, Francesca Calegari1,2, and Matthias
F. Kling3,4,7 — 1The Hamburg Centre for Ultrafast Imaging, Universität Ham-
burg, Luruper Chaussee 149, 22761 Hamburg, Germany — 2Center for Free-
Electron Laser Science, DESY, Notkestr. 85, 22607 Hamburg, Germany— 3Max
Planck Institute of Quantum Optics, MPQ, Hans-Kopfermann-Straße 1, 85748
Munich, Germany — 4Ludwig-Maximilians-Universität München, LMU, Am
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Coloumbwall 1, 85748 Munich, Germany — 5Institute of Physical Chemistry,
Universität Hamburg, Grindelallee 117, 20146 Hamburg, Germany— 6Institute
of Quantum Optics, Leibniz Universität Hannover, Welfengarten 1, 30167 Han-
nover, Germany— 7SLACNational Accelerator Laboratory, StanfordUniversity,
2575 Sand Hill Rd, Menlo Park, 94025 California, USA
We demonstrate the realtime observation of linear plasmonic fields by optical
field sampling. A comparison between non-resonantly and resonantly excited
samples shows that dephasing features of the resonantly excited case sustain into
the far-field domain. Our findings also demonstrate the ability to manipulate
the spectral properties of ultrashort laser pulses by plasmonic samples, which
can act as metasurfaces.

Q 59.8 Fri 12:45 HS 1015
X-ray photon diagnostics at the European X-ray Free Electron Laser —
∙Jan Grünert, Joakim Laksman, Jia Liu, Wolfgang Freund, Tuba Conka
Yildiz, Florian Dietrich, Naresh Kujala, Theophilos Maltezopoulos,
and Andreas Koch— European XFEL, Holzkoppel 4, 22869 Schenefeld

The European X-ray Free-Electron Laser (European XFEL), the world’s largest
and brightest X-ray free-electron laser, went into operation in 2017. It is a large-
scale accelerator-based photon source that provides beams of ultrashort (fem-
tosecond), highly coherent and very intense (exceeding 1013 photons per pulse)
X-ray pulses at high repetition rate (up to 4.5 MHz) to scientific users in various
fundamental science fields like bio-molecular dynamical structure determina-
tion, femtosecond chemistry, materials research under extreme conditions and
many more.

This contribution provides an overview of the x-ray photon diagnostics for this
facility, the diagnostics commissioning and their application for commissioning
of the facility as well as exciting results from the first years of user operation.
The beam properties assessed by photon diagnostics include per-pulse intensity,
beam position and shape, lateral dimensions, spectral properties and temporal
characteristics.

This contribution strives to provide an overview for newcomers to the field
of ultrafast X-ray science, but at the same time include new developments and
recent results, which will be mentioned for the experts.

Q 60: Quantum Computing and Simulation I
Time: Friday 11:00–13:00 Location: Aula

Q 60.1 Fri 11:00 Aula
A quantum perceptron gate and a classical Toffoli gate with microwave-
driven trapped ions — ∙Patrick H. Huber1, Patrick Barthel1, Sougato
Bose3, Juan José García-Ripoll4, Johann Haber1, Yasser Omar2, Sagar
Pratapsi2, Erik Torrontegui4, and Christof Wunderlich1 — 1University
of Siegen, Germany — 2Universidade de Lisboa, Portugal — 3University Col-
lege London, UK — 4Instituto de Física Fundamental IFF-CSIC, Madrid,
Spain
Direct implementation of multi-qubit gates with three or more qubits circum-
vents decomposition into two-qubit operations, effectively reducing the required
depth of quantum circuits. Using the inherent all-to-all coupling in a trapped
ion quantum computer, we experimentally realize classical Toffoli and percep-
tron gates with three microwave-driven hyperfine qubits using 171Yb+ ions. The
classical Toffoli gate is used to efficiently implement a half-adder. The perceptron
gate, when nested with other perceptrons, can be used as universal approxima-
tor. Both, the perceptron and Toffoli gates are implemented by a continuous
microwave driving field, while the qubits’ coherence is protected by pulsed dy-
namical decoupling. We report the implementation of a two-layer neural net-
work using successive perceptron gates. Here the 171Yb+ ions are stored in a
linear Paul trap exposed to a permanent magnetic field gradient.

Q 60.2 Fri 11:15 Aula
Fast, high-fidelity gates on trapped-ion qubits at Oxford Ionics— ∙Clemens
Löschnauer1, Amy Hughes1, Raghavendra Srinivas1, Jacopo Mosca
Toba1, Marius Weber1, Maciej Malinowski1, Roland Matt1, Steven
King1, ClemensMatthiesen1, Thomas Harty1, and Chris Ballance1,2 —
1Oxford Ionics, Oxford, UK — 2Department of Physics, University of Oxford,
Oxford, UK
Electronic control of trapped-ion qubits using oscillating magnetic field gradi-
ents has delivered some of the highest-fidelity quantum gates ever reported [1,
2]. However, two-qubit entangling operations using this method are typically
slower than laser-based gates, limiting overall computing speeds. We demon-
strate high-fidelity two-qubit entangling gates with a duration of 100 μs using a
chip trap with integrated microwave antenna, thereby reaching the typical speed
of laser-based gates in a highly scalable architecture.

[1] T. P. Harty et al., Phys. Rev. Lett. 117, 140501 (2016)
[2] R. Srinivas et al., Nature 597, pp 209-213 (2021)

Q 60.3 Fri 11:30 Aula
Register-based trapped-ion quantum processor on a linear paul trap
— ∙Rodrigo Munoz1, Florian Ungerechts1, Janina Bätge1, Axel
Hoffmann1,2, Teresa Meiners1, Brigitte Kaune1, and Christian
Ospelkaus1,3 — 1Institut für Quantenoptik, Leibniz Universität Hannover,
Welfengarten 1, 30167 Hannover, Germany — 2Institut für Hochfrequenztech-
nik und Funksysteme, Leibniz Universität Hannover, Appelstraße 9a, 30167
Hannover, Germany — 3Physikalisch-Technische Bundesanstalt, Bundesallee
100, 38116 Braunschweig, Germany
A promising approach for a trapped-ion based quantum computer is the
quantum-charge-coupled-device architecture, as it enables scalability by use of
micro-fabrication methods. While using a junction naturally allows all-to-all
connectivity of the qubit-array, it is more time efficient to resort to swapping op-
erations for a certain fraction of qubit-shuffles. We present a trap design based
on a linear Paul trap that is capable of driving near-field gradient two-qubit gates
as well as swapping, merging and splitting two-ion crystals. It also features stor-
age registers using the bucket brigade approach. We will show simulation results

that allow extraction of ions from the storage registers as well as merging and
swapping.

Q 60.4 Fri 11:45 Aula
Chip based integrated photonics - one key element for upscaling the per-
formance of ion-based quantum computer — ∙Steffen Sauer1,2,3, Anas-
tasiia Sorokina1,2, Carl Grimpe3, Guochun Du3, Elena Jordan3, Fate-
meh Salahshoori3, TanjaMehlstäubler3,4,5, and Stefanie Kroker1,2,3 —
1Institut für Halbleitertechnik, Technische Universität Braunschweig, Braun-
schweig, Germany— 2Laboratory for Emerging Nanometrology, Braunschweig,
Germany — 3Physikalisch- Technische Bundesanstalt, Braunschweig, Germany
— 4Institut für Quantenoptik, Leibniz Universität Hannover, Hannover, Ger-
many — 5Laboratorium für Nano- und Quantenengineering, Hannover, Ger-
many
The use of compact, robust, and highly scalable quantum experiments will be-
come an increasingly important factor in the coming decades. Chip-integrated
photonics offers the perfect solution for a wide range of applications in quan-
tum technology. By miniaturizing and integrating photonic components into
a chip, advantages such as improved control and manipulation of light (beam
waists of a few μm) to atoms are made possible. Combined with surface traps
for ions, photonic layers in the trap realize the scalability of ion-based quantum
computers. Within the joint project ATIQ, we develop integrated photonics for
an ion-based quantum computer with the goal to realize 40 qubits (ions). We
present simulations and measurements of our integrated optical components,
such as waveguides or outcouplers, chip designs, and characterization setups for
linear and circular light across the UV to IR wavelength range.

Q 60.5 Fri 12:00 Aula
Trapped-ion electric field gates— ∙Rima X. Schüssler, MatteoMazzanti,
Clara Robalo Pereira, Nella Diepeveen, Louis Gallagher, Zeger Ack-
erman, Arghavan Safavi-Naini, and Rene Gerritsma—University of Am-
sterdam, Amsterdam, The Netherlands
Trapped ions are an optimal platform for quantum computation. We plan to
combine ions with optical microtraps and oscillating electric fields for a new
type of two-qubit geometric phase gate, shown theoretically in [1]. This gate has
the advantage that it does not require ground state cooling of the ions. Addition-
ally, the ions involved in the gate can be freely chosen by aligning the tweezers
on them. As the electric field couples to all ions equally, the gate works even in
very long ion chains.

In our experiment, we use an equidistant ion chain of 171Yb+ ions in a seg-
mented 3D Paul trap. The tweezer shape are produced by a spatial light modu-
lator, while single ion addressing is done by an acousto optical deflector.

The current experimental status as well as steps taken to align the tweezers on
the ions will be presented.

[1] Mazzanti, M., Schüssler, R.X., Espinoza, J.A., Wu, Z., Gerritsma, R. and
Safavi-Naini, A., 2021. Trapped Ion Quantum Computing Using Optical Tweez-
ers and Electric Fields. Physical Review Letters, 127(26), 260502

Q 60.6 Fri 12:15 Aula
Fast, robust and laser-free universal entangling gates for trapped-ion quan-
tum computing — ∙Markus Nünnerich1, Patrick Barthel1, Patrick
Huber1, Dorna Niroomand1, Christof Wunderlich1, Daniel Cohen2,
and Alex Retzker2 — 1Department of Physics, School of Science and Technol-
ogy, University of Siegen, 57068 Siegen, Germany— 2Racah Institute of Physics,
Hebrew University of Jerusalem, 91904 Jerusalem, Israel
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Entangling gates are an essential building block of any quantum processor, ide-
ally working at high speeds in a in a robust and scalable manner. We introduce
and experimentally realize a novel Mølmer- Sørensen-type entangling gate. We
implement double-dressing of qubit states [1], thus protecting their coherence
and simultaneously inducing the gate interaction. Only a single modulated RF
driving field per ion is used. The gate is implemented with trapped 171Yb+-ions
in a static magnetic gradient of 19 T/m. We generate symmetric and antisym-
metric Bell states in 300 us with fidelities better than 97 %. This is an order-
of-magnitude improvement in gate time compared to previous entangling gates
using the same small magnetic gradient. [2, 3]. In higher magnetic field gradi-
ents, already available, this entangling gate speed can be further improved.

[1] D. Farfurnik et al, Phys. Rev. A, 96, 013850 (2017) [2] Ch. Piltz et al, Sci.
Adv.2, e1600093 (2016) [3] P. Barthel et al, New J. Phys., 25, 063023 (2023)

Q 60.7 Fri 12:30 Aula
Towards an entangling gate between bosonic qubits in trapped ions —
∙Stephan Welte, Moritz Fontboté-Schmidt, Martin Wagener, Edgar
Brucke, Paul Röggla, Ivan Rojkov, Florentin Reiter, and Jonathan
Home— ETH Zurich, Zurich, Switzerland
Encoding quantum information in a harmonic oscillator provides a resource-
efficient platform for quantum error correction. A promising code is Gottesman-
Kitaev-Preskill (GKP) encoding [1], which was realized both in trapped ions [2,
3] and superconducting qubits [4]. State preparation, single qubits rotations,
readout, and error correction have been realized in both architectures. How-
ever, a universal two-qubit gate has yet to be demonstrated. I will describe our
work towards an entangling gate between GKP qubits prepared in the motional
modes of Calcium ions in a Paul trap. The modes are coupled via the Coulomb
repulsion approximating a beam splitter interaction. Together with squeezing
operations, this interaction can realize the desired universal gate. In theoret-

ical work, we investigate this gate for experimentally realistic parameters and
finite energy states [5]. In parallel, we are developing an apparatus for an ex-
perimental implementation, including the fabrication of a novel ion trap and the
implementation of individual addressing with tightly focused laser beams. [1] D.
Gottesman, A. Kitaev, and J. Preskill. PRA 64, 012310 (2001) [2] C. Flühmann
et al. Nature 566, 513(2019) [3] B. de Neeve et al. Nat. Phys. 18, 296 (2022) [4]
V. Sivak et al. Nature 616, 50 (2023) [5] I. Rojkov et al. arXiv:2305.05262 (2023)

Q 60.8 Fri 12:45 Aula
Multi-Band Matching Network for a Microwave Surface-Electrode in a
High Fidelity Trapped-Ion Quantum Processors— ∙Axel Hoffmann1, Flo-
rian Ungerechts2, Rodrigo Munoz2, Janina Bätge2, Teresa Meiners2,
Brigitte Kaune2, Dirk Manteuffel1, and Christian Ospelkaus2,3 —
1Institut für Hochfrequenztechnik und Funksysteme, Leibniz Universität Han-
nover, Appelstr. 9A, 30167 Hannover, Germany — 2Institut für Quantenoptik,
Leibniz Universität Hannover, Welfengarten 1, 30167 Hannover, Germany —
3Physikalisch-Technische Bundesanstalt, Bundesallee 100,38116 Braunschweig,
Germany
Trapped-ion quantum processors with integrated microwave conductors for
near-field quantum control are a promising approach for scalable quantum com-
puters. To reduce error sources and allow high fidelity it is not only the mi-
crowave electrode integrated in the processor chip that has to be designed care-
fully. The connection to the source must as well be efficiently designed to enable
error reduction. Different approaches to match integrated and external sources
to the quantum processors microwave electrode are presented. Here, the reduc-
tion of error sources due to inherent electromagnetic behavior and sensitivity to
fabrication tolerances are the main focus. The main problem sources and meth-
ods to overcome them are discussed. These include electromagnetic simulations
and measurement routines.

Q 61: Trapped Ions (joint session Q/A)
Time: Friday 11:00–13:00 Location: HS 1199

Invited Talk Q 61.1 Fri 11:00 HS 1199
Photonic integration for trapped-ion quantum metrology — ∙Elena
Jordan1, GuochunDu1, Carl-FrederikGrimpe1, Fatemeh Salahshoori1,
Markus Kromrey1, Atasi Chatterjee1, Anastasiia Sorokina2,3, Steffen
Sauer1,2,3, Anton Peshkov1,2, Gillenhaal Beck4, Karan Mehta5, Ste-
fanie Kroker1,2,3, Andrey Surzhykov1,2,3, and Tanja Mehlstäubler1,6,7
— 1PTB, Braunschweig, Germany — 2Technische Universität Braunschweig,
Germany — 3Laboratory for Emerging Nanometrology Braunschweig, Ger-
many — 4Institut für Quantenelektronik ETH Zürich, Switzerland — 5School
of Electrical and Computer Engineering Cornell University, Ithaca, NY 14850,
USA — 6Institut für Quantenoptik Leibniz Universität Hannover, Germany —
7Laboratorium für Nano- und Quantenengineering Leibniz Universität Han-
nover, Germany
Integrated photonics make ion trap setups scalable to large numbers of ions,
help to compactify the setup and improve the robustness against vibrations for
portable optical clocks and quantum sensors. We are developing ion traps with
integrated photonics for quantum metrology. With photonic design structured
light can be generated that, combined with improved pointing stability, enables
the excitation of forbidden transitions in trapped ions. For the cooling and ad-
dressing of Yb+ ions wavelengths fromUV to NIR are required. The light is cou-
pled in from optical fibers, distributed via waveguides, and coupled out through
the surface of the chip via gratings. Our aim is to employ the traps in portable
optical clocks that can be used for geodetic measurements.

Q 61.2 Fri 11:30 HS 1199
Apparatus design for scalable cryogenic trapped-ion quantum computing
experiments — ∙Tobias Pootz1, Lukas Kilzer1, Celeste Torkzaban1,
and Christian Ospelkaus1,2 — 1Institut für Quantenoptik, Leibniz Univer-
sität Hannover, Welfengarten 1, 30167 Hannover, Germany — 2Physikalisch-
Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany
Future applications for trapped ion quantum computers require a signicant in-
crease in the number of ion qubits and excellent interconnectivity. In my talk I
will describe the design of cryogenic demonstrator machines for this task, im-
plementing surface-electrode ion traps mounted on a universal interchangeable
socket. The apparatus design is based on a vibration-isolated cold head to cool a
cryogenic vacuum system to temperatures below 10 K. The system features sev-
eral hundred DC control lines to support transport of qubits through dedicated
trap structures including junctions, storage, detection and manipulation regis-
ters. Multi-qubit quantum gates will be implemented through the use of chip-
integrated microwave lines. The system has been designed to accommodate the
integration of new components for scaling as the development of the underlying
enabling technologies progresses, such as chip integrated waveguides. Multiple
setups were built. One setup is based on 9Be+ qubits and 40Ca+ ions for sympa-

thetic cooling; a second setup will be based on 43Ca+ qubits and 88Sr+ cooling
ions.

Q 61.3 Fri 11:45 HS 1199
Fabrication of multisegmented ion traps in a specialized cleanroom —
∙Alexander Müller1, Jan Müller1, Björn Lekitsch1, and Ferdinand
Schmidt-Kaler1,2 — 1QUANTUM, Institut für Physik, 55128Mainz, Germany
— 2Helmholtz-Institut Mainz, 55099 Mainz, Germany
Trapped ions are among the leading platforms in quantum computing. We aim
to scale up to 50 ions by taking advantage of versatile linear multi-segmented ion
traps which combine qubit register reconfigurations [1] and individual address-
ing of ions in these registers. A fully three-dimensional shaping of electrodes, a
homogeneous well-conducting high quality metallic coverage, the precise align-
ment of trap structures, an excellent optical access, and a fully reliable and re-
peatable fabrication process are required.

For this we established a special purpose cleanroom. By Selective Laser-
induced Etching (SLE) a 3D structure is formed out of fused silica [2]. Metallic
sputter deposition results in functional trap chips, which are assembled using
a die-bonder, finally fixed on a carrier PCB, and wirebonded for electrical con-
nection of the electrodes. All fabrication steps can be performed in-house and
without leaving the cleanroom in a rapid prototyping fashion (<10 days). We
report the testing of devices and the trapping of Ca+ ions.

[1] V. Kaushal et al., AVS Quantum Sci.; 2 (1):014101.
[2] S. Ragg et al., Rev. Sci. Instrum.; 90 (10):103203.

Q 61.4 Fri 12:00 HS 1199
Microfabrication of surface ion traps for operation with Strontium Ryd-
berg ions — ∙Simon Schey1,2, Michael Pfeifer1,3, Marion Mallweger2,
Natalia Kuk2, Ivo Straka2, Clemens Rössler1, Yves Colombe1, and
MarkusHennrich2 — 1Infineon Technologies Austria AG, Villach, Austria —
2Stockholm University, Stockholm, Sweden — 3University of Innsbruck, Inns-
bruck, Austria
Recently, using Rydberg-states for gate operation in trapped ions has been shown
to greatly reduce two qubit gate times down to 700ns [1]. Those experiments
were performed in a macroscopic Paul trap at room temperature. We propose to
perform similar experiments but in a cryogenic environment as well as on a of
surface ion trap chip that is industriallymicrofabricated at InfineonTechnologies
[2,3]. This will prove further scalability of this gate scheme.

As UV-Lasers are needed for the Rydberg gate operation, we discuss material
and design choices for making our ion trap resilient against radiation down to
a wavelength of around 240nm and show successful microfabrication of an ion
trap on a sapphire substrate.

[1] Chi Zhang et al., Nature 580, 345-349 (2020)
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[2] Ph. Holz et al., Adv. Quantum Technol. 3, 2000031 (2020)
[3] S. Auchter et al., Quantum Sci. Technol. 7, 035015 (2022)

Q 61.5 Fri 12:15 HS 1199
Industrial microfabrication of 2D and 3D ion traps for quantum in-
formation processing — ∙Yves Colombe1, Silke Auchter1, Klemens
Schüppert1, MatthiasDietl1,2, Alexander Zesar1,3, JakobWahl1,2, Max
Glantschnig1,4, Christian Flasch1,4, Simon Schey1,5, Fabian Laurent1,6,
Michael Pfeifer1,2, Fabian Anmasser1,2, Michael Hartmann7, Leon
Dixius7, Mohammad Abu Zahra7, Jens Repp7, Nina Megier1, Matthias
Brandl7, and Clemens Rössler1 — 1Infineon Technologies, Villach, Austria
— 2University of Innsbruck, Innsbruck, Austria — 3University of Graz, Graz,
Austria — 4PTB, Braunschweig, Germany — 5University of Stockholm, Stock-
holm, Sweden — 6Montan University of Leoben, Leoben, Austria — 7Infineon
Technologies, Oberhaching, Germany
Scaling TIQC to thousands of ions requires microfabricated traps produced in
highly reliable facilities. Industrial fabrication provides precise process control as
well as in-line measurements tools that ensure high reliability and reproducibil-
ity.

Various ion trap designs have been produced at Infineon Technologies clean-
room facilities, including 2D ion trap arrays and 3D traps assembled at wafer
level. In this talk I will report on our current work towards large-scale ion traps,
including fabrication on dielectric substrates (fused silica, sapphire), through-
glass-vias, use of Kelvin probe force microscopy for DC surface potential mea-
surements, integration of fs-laser-written optical waveguides, and development
of electronic devices that can operate at 4 K.

Q 61.6 Fri 12:30 HS 1199
Optical integration in ion-trap chips at Infineon — ∙Alexander Zesar1,2,
Jakob Wahl2,3, Bernhard Lamprecht5, Philipp Hurdax5, Klemens
Schüppert2, Clemens Rössler2, Yves Colombe2, Silke Auchter2, Sofia
Cano Castro2,6, Max Glantschnig2,7, Marco Schmauser3, Marco
Valentini3, Philipp Schindler3, ThomasMonz3,4, and Joachim Krenn1 —
1University of Graz, Graz, Austria — 2Infineon Technologies Austria AG, Vil-

lach, Austria — 3University of Innsbruck, Innsbruck, Austria — 4Alpine Quan-
tum Technologies GmbH, Innsbruck, Austria — 5Joanneum Research Mate-
rials, Weiz, Austria — 6Polytecnico di Milano, Milan, Italy — 7Physikalisch-
Technische Bundesanstalt, Braunschweig, Germany
Trapped ions are among the most researched and advanced quantum computing
(QC) hardware platforms. Currently used free-space optics for ion addressing
will block upscaling due to beam pointing errors and spatial restrictions. There-
fore, future QC architectures with trapped ions require integrated waveguiding
and focusing for scalable and stable placement of laser beams in microfabricated
ion-trap chips.

This talk gives a concise overview of photonics and optics integration schemes
developed at Infineon. We will discuss some of the challenges that come with
femtosecond-laser-written waveguides as well as slab waveguides in conjunction
with focusing grating couplers, including fiber-to-chip coupling and integration
density. The talk concludes with an outlook on scalable ion-trap chips with inte-
grated photonics as a necessary condition for useful trapped-ion quantum com-
puting.

Q 61.7 Fri 12:45 HS 1199
How to Wire a 1000-Qubit Trapped-Ion Quantum Computer — Maciej
Malinowski1, David Allcock1,2, ∙Clemens Matthiesen1, and Chris
Ballance1,3 — 1Oxford Ionics, Oxford, UK — 2University of Oregon, Eugene,
USA — 3University of Oxford, Oxford, UK
Scaling up quantum computers requires efficient signal delivery to the quantum
processor (the "wiring" challenge). It is likely that integration of control elec-
tronics into the processor package will be necessary, but this process is heavily
constrained by chip microfabrication and chip operation specifications. Here,
we present our WISE (Wiring using Integrated Switching Electronics) architec-
ture as an answer to the wiring question, where judicious integration of simple
switching electronics into the ion trap chip is combined with parallel trap elec-
trode control [1]. This significantly reduces the number of signal sources needed,
such that a fully connected 1000-qubit trapped ion quantum computer might be
operated using only ∼ 200 signal sources.

[1] M. Malinowski et al., PRX Quantum 4, 040313 (2023)

Q 62: Precision Measurements II (joint session Q/A)
Time: Friday 11:00–13:00 Location: HS 1221

Q 62.1 Fri 11:00 HS 1221
Noise Description in Bragg Atom Interferometer Using Squeezed States —
∙Julian Günther1,2, Jan-Niclas Kirsten-Siemss2, Naceur Gaaloul2, and
Klemens Hammerer1 — 1Institut für Theoretische Physik, Hannover, Ger-
many — 2Institut für Quantenoptik, Hannover, Germany
Using entanglement for N-particle states in matter wave interferometers allows
one to outperform the standard quantum limit of 1

N
for the uncertainty in the

phase measurement. We consider the use of one-axis twisted, spin squeezed
atomic states in a Bragg Mach-Zehnder interferometer. We evaluate the phase
uncertainty in the phase measurement taking into account the fundamental
multi-port and multi-path nature of the Bragg processes, and determine opti-
mally squeezed states for a given geometry.

This project was fundedwithin theQuantERA II Programme that has received
funding form the European Union’s Horizon 2020 research and innovation pro-
gramme under Grant Agreement No 101017733 with funding organisation DFG
(project number 499225223).

Q 62.2 Fri 11:15 HS 1221
Squeezing-enhanced Bragg guided BEC interferometry — ∙Matthew
Glaysher1, Robin Corgier2, and Naceur Gaaloul1 — 1Institut für Quan-
tenoptik, Leibniz Universität, Hannover— 2LNE-SYRTE, Observatoire de Paris,
Université PSL, CNRS, Sorbonne Université, France
Atom interferometers test fundamental theories and have practical applications
such as gravimeters, gradiometers and gyroscopes. Using uncorrelated or clas-
sically correlated atomic probes, state-of-the-art devices already operate at the
standard quantum limit (SQL) set by their finite baseline and/or atom number
resources.

To push the boundaries of compact devices, we study the realisation of a Bose-
Einstein condensate (BEC) guided interferometer based on Bragg diffraction [R.
Corgier et al., PRA, 103 (2021)]. Taking advantage of the BEC oscillations in the
waveguide and the possibility to tune atom-atom interactions we investigate the
generation of spin-squeezing dynamics between the two modes in well-defined
and well-controlled momentum states. The entangled input state feeds a second
interferometer sequence with quantum-enhanced sensitivity capabilities. Realis-
tic aspects of the state-preparation parameters, including diffraction efficiencies
and BEC collisions and deformations, are addressed in our scheme.

This project was fundedwithin theQuantERA II Programme that has received
funding form the European Union’s Horizon 2020 research and innovation pro-

gramme under Grant Agreement No 101017733 with funding organisation DFG
(project number 499225223).

Q 62.3 Fri 11:30 HS 1221
Analytical theory of double Bragg diffraction in light-pulse atom inter-
ferometers — ∙Rui Li1, Klemens Hammerer2, and Naceur Gaaloul1 —
1Leibniz University Hanover, Institute for quantum optics, Hannover, Germany
— 2Leibniz University Hanover, Institute for theoretical physics, Hannover, Ger-
many
In this talk, we provide some new physical insights into a recently used tool in
atom interferometry, namely the double Bragg diffraction (DBD). We derive an
effective two-level-system (TLS)Hamiltonian viaMagnus expansion for describ-
ing the so-called *quasi-Bragg regime* where most light-pulse atom interferom-
eters are operating. With this effective TLSHamiltonian, we systematically study
the effects of polarization error and AC-Stark shift due to second-order process
on the efficiency of double-Bragg beam-splitters. Furthermore, we show that
effects of Doppler broadening can be easily included by extending our TLS de-
scription to a three-level-system description. With the help of our effective the-
ory, we design an optimal beam-splitter via a time-dependent detuning and show
its robustness against polarization error and asymmetric beam-splitting due to
Doppler effect.

This work is supported through the Deutsche Forschungsgemeinschaft (DFG)
under EXC 2123 QuantumFrontiers, Project-ID 390837967 and under the
CRC1227 within Project No. A05 as well as by DLR funds from the BMWi
(50WM2250A-QUANTUS+)

Q 62.4 Fri 11:45 HS 1221
Wave-packet evolution during laser pulses for single- and two-photon atomic
diffraction— ∙NadjaAugst andAlbertRoura—Institute ofQuantumTech-
nologies, German Aerospace Center (DLR), Ulm
Light-pulse atom interferometry is a valuable tool for high-precision inertial
sensing and also offers promising prospects for dark-matter and gravitational-
wave detection [1]. This work investigates the wave-packet evolution for an
atom’s center of mass during a laser pulse of arbitrary duration driving either a
single-photon transition or Raman diffraction, and the results are also valid for
Bragg diffraction in the deep Bragg regime. In particular, we consider the effects
of finite pulse duration on the central trajectory of the atomic wave packets for
beam-splitter and mirror pulses as well as pulses with arbitrary pulse areas. Our
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analysis encompasses a wide range of the cases including square and Gaussian
pulse shapes as well as an arbitrary detuning of the central momentum.

While the resulting deviations of the central trajectories are typically quite
small, they can have a significant impact on the interferometric phase shift in
high-precisionmeasurements and a detailed analysis is therefore important. Our
approach relies on a description of the matter-wave propagation in terms of cen-
tral trajectories and centered wave packets [2].
[1] K. Bongs et al., Nature Rev. Phys. 1, 731 (2019).
[2] A. Roura, Phys. Rev. X 10, 021014 (2020).

Q 62.5 Fri 12:00 HS 1221
Squeezing EnhancedMatterwave Interferometry with BECs— ∙Christophe
Cassens, Bernd Meyer-Hoppe, and Carsten Klempt — Leibniz Universität
Hannover, Institut für Quantenoptik, Welfengarten 1, D-30167 Hannover, Ger-
many
The gravitational acceleration can be measured with atom interferometers with
unprecedented resolution. The ultimate resolution is fundamentally restricted by
the standard quantum limit. This restriction can be lifted by operating the inter-
ferometer with entangled atoms, which carry quantum correlations among them.
Herewe present how a squeezed state in themagnetic field insensitive clock states
of a Rb-87 BEC of 6000 atoms can be used to improve the sensitivity of an atom
gravimeter sequence to -1.5dB below the SQL and -3.3dB below the sensitiv-
ity achieved in the same sequence with a coherent state. The here presented
technique promises to be applicable in state-of-the-art BEC-based matterwave-
interferometers and to increase their sensitivity especially in size, weight and
power limited environments.

Q 62.6 Fri 12:15 HS 1221
Simulatingmatter-wave lensing of BECs in 2D and 3D— ∙Nico Schwersenz
and Albert Roura — Institute of Quantum Technologies, German Aerospace
Center (DLR), Ulm
The extended microgravity conditions granted by cold-atom experiments in
space enable free-evolution times of many seconds, which can be exploited in
high-precision measurements based on atom interferometry. However, in or-
der to reach such long evolution times, it is necessary to employ ultracold atoms
combined with matter-wave lensing techniques, and a detailed modeling is re-
quired.

We present full 3D numerical simulations performed on a GPU cluster of
BECs freely expanding for tens of seconds and compare them to effectively 1D
and 2D simulations for spherically- and axially-symmetric configurations. A
particularly interesting case arises when the lensing potential is applied after the
BEC has expanded sufficiently so that the diffraction effects associated with the
finite size of the BEC dominate over the mean-field interaction. This enables the
validation of our simulations in a regime where the time-dependent Thomas-
Fermi approximation fails to provide an accurate description of the dynamics.
Finally, as an application of our methods for axially-symmetric configurations,
additional features that arise in the anisotropic case will be discussed as well.

Q 62.7 Fri 12:30 HS 1221
Simulation of atomic diffraction through a nanograting — ∙Matthieu
Bruneau1,2, Charles Garcion1,2, Julien Lecoffre2, Quentin Bouton2,
Eric Charron3, Gabriel Dutier2, and Naceur Gaaloul1 — 1Institut
für Quantenoptik, Leibniz Universität Hannover, Germany — 2Laboratoire
de physique des lasers, Université Sorbonne Paris Nord, Villetaneuse, France
— 3Université Paris-Saclay, CNRS, Institut des Sciences Moléculaires d’Orsay,
France
Recent advances in the field of cold atoms have made atomic interferometry a
versatile and precise tool with various applications, particularly in fundamental
physics experiments.

This contribution focuses on the modeling of an experiment involving the
diffraction of cold metastable Argon atoms through a transmission nanograting
at the Laboratoire de Physique des Lasers. The observed diffraction pattern in
this experiment is intrinsically related to the dispersion forces between the atoms
and the material. A numerical model of the experiment has been developed, and
the influence of these forces has been thoroughly investigated.

The simulation is based on an efficient numerical solution of the time-
dependant Schrödinger equation that overcomes the limitations of the more
standard semi-classical approach. This methodology provides an accurate de-
scription of the diffraction pattern, allowing a Casmir-Polder forcemeasurement
beyond the state of the art.

This work is supported by DLR funds from the BMWi (50WM2250A-
QUANTUS+).

Q 62.8 Fri 12:45 HS 1221
Double Bragg atom interferometry with Bose-Einstein condensates in mi-
crogravity — ∙Julia Pahl1, Anurag Bhadane2, Dorthe Leopoldt3, Sven
Herrmann4, AndréWenzlawski2, SvenAbend3, PatrickWindpassinger2,
ErnstM. Rasel3, Markus Krutzik1,5, and The QUANTUS Team1,2,3,4,6,7 —
1HU Berlin — 2JGU Mainz — 3LU Hannover — 4U Bremen — 5FBH Berlin —
6U Ulm— 7TU Darmstadt
QUANTUS-2 is the 2nd generation mobile atom interferometer operating at the
ZARMdrop tower in Bremen. With its high-flux, atom chip-based atomic rubid-
ium source, it serves as a pathfinder for future space missions. We are examining
key technologies like the generation of Bose-Einstein condensates (BECs), im-
plementation of magnetic lensing or application of various atom interferometry
geometries with interferometry times over one second. In this talk, we present
our latest results on double Bragg atom interferometry of magnetically lensed
rubidium ensembles, using asymmetric Mach-Zehnder interferometers. By ex-
ploiting the emerging interferometer fringes we can visualize the anharmonici-
ties of the magnetic lens and determine the interferometer contrast as well as the
effective kinetic energy of the ensemble in a single shot. Interferometer times of
2T ≈ 1.7 s have been reached.
This project is supported by the German Space Agency DLR with funds pro-
vided by the Federal Ministry for Economic Affairs and Climate Action under
grant number DLR 1952-1957.

Q 63: Strong Light-Matter Interaction
Time: Friday 11:00–12:45 Location: HS 3118

Q 63.1 Fri 11:00 HS 3118
A stochastic approach to exact dynamics and tunneling in the generalized
open Dicke model— ∙KaiMüller andWalter T. Strunz— Institut für The-
oretische Physik, Technische Universität Dresden, D-01062 Dresden, Germany
As a fundamental model of quantum optics, the Dicke model has been known
and studied for a long time. Recently, however, interest in this model has been
revived by the emergence of numerous Cavity QED experiments that allow the
controlled realisation of the Dicke model (and its generalised versions) over a
wide parameter regime. In the thermodynamic limitN → ∞ the mean-field so-
lution of the Dicke model becomes exact, but to study the emergence of genuine
quantum effects in the dynamics of these systems at finite N , a description that
goes beyondmean-field theory is required. Here, we present a novel open-system
method that allows us to push the boundary for the exact numerical solution of
the model up to a mesoscopic number of atoms (N ≈ 500) and to investigate
the deficiencies of a mean-field description in this regime. We explore in which
parameter regions true quantum effects, such as tunneling, become relevant for
the dynamics and observable in experiments.

Q 63.2 Fri 11:15 HS 3118
Dissipative Dicke time crystals: an atoms’ point of view — ∙Simon B. Jäger,
JanMathis Giesen, Imke Schneider, and Sebastian Eggert— Physics De-
partment and Research Center OPTIMAS, University of Kaiserslautern-Landau
We develop and study an atom-only description of the Dicke model with time-
periodic couplings between atoms and a dissipative cavity mode. The cavity
mode is eliminated giving rise to effective atom-atom interactions and dissipa-

tion. We use this effective description to analyze the dynamics of the atoms that
undergo a transition to a dynamical superradiant phase withmacroscopic coher-
ences in the atomic medium and the light field. Using Floquet theory in com-
bination with the atom-only description we provide a precise determination of
the phase boundaries and of the dynamical response of the atoms. From this we
can predict the existence of dissipative time crystals that show a subharmonic
response with respect to the driving frequency. We show that the atom-only the-
ory can describe the relaxation into such a dissipative time crystal and that the
damping rate can be understood in terms of a cooling mechanism.

Q 63.3 Fri 11:30 HS 3118
Quantum Monte Carlo simulation of the Dicke-Ising model on hypercubic
lattices — ∙Anja Langheld, Max Hörmann, and Kai Phillip Schmidt —
Department Physik, Staudtstraße 7, Friedrich-Alexander Universität Erlangen-
Nürnberg, D-91058 Erlangen, Germany
We study the Ising model in a light-induced quantized transverse field [1, 2]
using quantum Monte Carlo to investigate the influence of light-matter interac-
tions on correlated quantum matter. To avoid a direct sampling of the photons,
we develop a quantumMonte Carlo algorithm based on the recently introduced
wormhole algorithm for spin-boson systems [3], in which the bosonic degrees
of freedom are integrated out analytically.

We provide quantitative phase diagrams and critical properties for ferromag-
netic as well as antiferromagnetic interactions on hypercubic lattices. For antifer-
romagnetic interactions, we confirm the existence of a non-trivial intermediate
phase, displayingmagnetic order and finite photon density at the same time, pre-
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dicted by a semi-classical mean-field study [1]. However, this intermediate phase
turns out to be much smaller and certain phase transitions turn out to be of first
order rather than of second order. In the case of ferromagnetic interactions, a
change in the order of the quantum phase transition for finite Ising coupling and
longitudinal field is observered.

[1] J. Rohn et al., Phys. Rev. Research 2, 023131 (2020)
[2] Y. Zhang et al., Sci Rep 4, 4083 (2014)
[3] M. Weber et al., Phys. Rev. Lett. 119, 097401 (2017)

Q 63.4 Fri 11:45 HS 3118
Entangled time-crystal phase in an open quantum light-matter system —
∙RobertMattes1, Igor Lesanovsky1,2, and Federico Carollo1 — 1Institut
für Theoretische Physik, Universität Tübingen, Auf der Morgenstelle 14, 72076
Tübingen, Germany — 2School of Physics and Astronomy and Centre for the
Mathematics and Theoretical Physics of Quantum Non-Equilibrium Systems,
The University of Nottingham, Nottingham, NG7 2RD, United Kingdom
Time-crystals are nonequilibrium many-body phases in which the state of the
system dynamically approaches a limit cycle. While these phases are recently
in the focus of intensive research, it is still far from clear whether they can host
quantum correlations. In fact, mostly classical correlations have been observed
so far and time-crystals appear to be effectively classical high-entropy phases.
Here, we consider the nonequilibrium behavior of an open quantum light-matter
system, realizable in current experiments, whichmaps onto a paradigmatic time-
crystal model after an adiabatic elimination of the light field. The system displays
a bistable regime, with coexistent time-crystal and stationary phases, terminat-
ing at a tricritical point fromwhich a second-order phase transition line departs.
While light and matter are uncorrelated in the stationary phase, the time-crystal
phase features bipartite correlations, both of quantum and classical nature. Our
work unveils that time-crystal phases in collective open quantum systems can
sustain quantum correlations, including entanglement, and are thus more than
effectively classical many-body phases.

Q 63.5 Fri 12:00 HS 3118
(Almost) Everything is aDickemodel— ∙Andreas Schellenberger andKai
Phillip Schmidt— FAU Erlangen-Nürnberg, Erlangen, Deutschland
We investigate classes of interacting quantum spin systems in a single-mode cav-
ity with a Dicke coupling, as a paradigmatic example of correlated light-matter
systems. Coming from the limit of weak light-matter couplings and large system
sizes, we map the relevant low-energy sector of these models onto the exactly
solvable Dicke model.

We apply the outcomes to the Dicke-Ising model as a paradigmatic example
[1,2], in agreement with results obtained by mean-field theory [2]. We further
accompany and verify our findings with finite-size calculations, using exact di-
agonalization and the series expansion method pcst++ [3].
[1] J. Rohn et al., Phys. Rev. Research, 2, 2020

[2] Y. Zhang et al., Sci. Rep., 4, 2014
[3] L. Lenke et al., Phys. Rev. A, 108, 2023

Q 63.6 Fri 12:15 HS 3118
Optomechanical subradiant states in a many-body cavity QED system —
Alexander Baumgärtner1, ∙Simon Hertlein1, Tom Schmit2, Davide
Dreon1, Carlos Maximo1, and Giovanna Morigi2 — 1Institute for Quan-
tum Electronics, Eidgenössische Technische Hochschule Zürich, 8093 Zurich,
Switzerland — 2Theoretische Physik, Universität des Saarlandes, 66123 Saar-
brücken, Germany
The essence of subradiance lies in its counterintuitive suppression of sponta-
neous emission, challenging conventional expectations of the collective behavior
of scatterers. In the experimental setting of a Bose-Einstein condensate (BEC)
system positioned at themode crossing of two optical cavities, the onset of super-
radiance in one cavity causes the emergence of a subradiant state in the adjacent
cavity. The identification of this subradiant state is facilitated by the revelation
of hysteretic behavior during transitions between the superradiant states of the
cavities. We investigate experimentally and theoretically the extents of this effect
and measure its limitations. This phenomenon, governed by an interplay of con-
structive and destructive interference, showcases the potential of subradiance
as a controllable and exploitable quantum phenomenon in many-body systems
interacting with multi-mode cavities.

Q 63.7 Fri 12:30 HS 3118
Breakdown of the Jaynes-Cummings model for cavities with small emitter-
induced scattering loss. — ∙Jürgen Volz, Martin Blaha, and Arno
Rauschenbeutel— Institut für Physik, Humboldt-Universität zu Berlin
Strong coupling between a single optical mode and a single quantum emitter is
key for a plethora of applications in quantum science and technology and is com-
monly described by means of the Jaynes-Cummings (JC) model. A key aspect of
many cavity quantum electrodynamics (CQED) experiments is to maximize the
ratio between the emitter-mode coupling rate and the photon loss rates of the
system in order to realize a coherent emitter-light interaction.

Here, we show that, surprisingly, the JC model in general does not provide a
valid physical description when the emitter-induced scattering loss becomes too
small. Indeed, the JC description is only validwhen the solid angle covered by the
cavity mode is small. We present a Hamiltonian description of CQED that cor-
rectly takes into account scattering loss [1]. For the case of large scattering loss,
our model’s predictions agree with the JC model, while we observe qualitative
and quantitative differences in the situation of large solid state angle cavities. As
minimizing scattering loss into free-space modes is one of the key design goals
for many experimental setups, e.g., in quantum technology, providing an accu-
rate theoretical description is crucial for developing new and optimizing existing
cavity-based quantum protocols.

[1] M. Blaha, A. Rauschenbeutel, J. Volz, arXiv:2301.07674 (2023)

Q 64: Solid State Quantum Optics II
Time: Friday 11:00–13:00 Location: HS 3219

Q 64.1 Fri 11:00 HS 3219
Chip-fibre interface for integrated quantum networks — ∙Tim Engling1,3,
Jonas Zatsch1,3, Jeldrik Huster1,3, Simon Abdani1,3, Christian
Schweikert2, and Stefanie Barz1,3 — 1Institute for Functional Matter and
Quantum Technologies, University of Stuttgart, 70569 Stuttgart, Germany —
2Institute of Electrical and Optical Communications Engineering, University of
Stuttgart, 70569 Stuttgart, Germany— 3Center for Integrated Quantum Science
and Technology (IQST)
Integrated photonics provides a compact and robust way to process quantum
information, and thus, offers a platform for scaling up quantum technologies.
We introduce a silicon-on-insulator chip, which offers control of quantum states
on the chip, and also, allows converting different degrees of freedom. The ma-
nipulation of path is achieved through the use of integrated beam splitters and
phase shifters. Furthermore, switching between encoding in path and polarisa-
tion, and vice versa, is facilitated by 2D grating couplers. We demonstrate the
chip’s functionality by utilizing it for the generation, analysis, and conversion
of quantum states of light. Our approach enables the connection of multiple
integrated photonic chips, laying the foundation for implementing networked
protocols in quantum communication and quantum computing.

Q 64.2 Fri 11:15 HS 3219
Towards Cavity-Enhanced Spectroscopy of Single Europium Ions in Yt-
tria Nanocrystals — ∙Timon Eichhorn1, Jannis Hessenauer1, Philippe
Goldner2, Diana Serrano2, and DavidHunger1 — 1Karlsruher Institut fuer
Technologie, Karlsruhe, Germany — 2Université PSL, Chimie ParisTech, Paris,
France
A promising approach for realizing scalable quantum registers lies in the efficient
optical addressing of rare-earth ion spin qubits in a solid state host. We study

Eu3+ ions doped into Y2O3 nanoparticles (NPs)[1] as a coherent qubit material
and work towards efficient single ion detection by coupling their emission to a
high-finesse fiber-based Fabry-Pérot microcavity [2,3]. A beneficial ratio of the
narrow homogeneous line to the inhomogeneous broadening of the ion ensem-
ble makes it possible to spectrally address single ions. The coherent control of
the 5D0 −7 F0 transition then permits optically driven single qubit operations
on the Europium nuclear spin states. A Rydberg-blockade mechanism between
nearby ions permits the implementation of a two-qubit CNOT gate to entangle
spin qubits and perform quantum logic operations. We observed fluorescence
signals from small ensembles of Europium ions at cryogenic temperatures and
measured cavity-enhanced optical lifetimes of half the free-space lifetime result-
ing in effective Purcell-factors of one. We will report on measurements of the
optical coherence of small Eu3+ ion ensembles and our progress towards single
ion readout and control. [1] Nano Lett. 17 (2017) 778-787, [2] New J. Phys. 12
(2010) 065038, [3] New J. Phys. 20 (2018) 095006

Q 64.3 Fri 11:30 HS 3219
Maximizing photon-number resolution from an SNSPD — ∙Niklas Lam-
berty, Timon Schapeler, ThomasHummel, Fabian Schlue, Michael Stef-
szky, Benjamin Brecht, Christine Silberhorn, and Tim J. Bartley — In-
stitute for Photonic Quantum Systems, Department of Physics, Paderborn Uni-
versity, Warburger Str. 100, 33098 Paderborn, Germany
Recent work has shown intrinsic Photon-Number Resolution (PNR) of Super-
conducting Nanowire Single-Photon Detectors (SNSPDs) based on the evalua-
tion of various properties of the electrical output signal. In order to gain a more
comprehensive understanding of the features responsible for PNR in SNSPDs,
we record a data set of electrical output signals under coherent state illumina-
tion and analyze the data using Principal Component Analysis (PCA).
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PCA generates a set of basis functions, where the coefficients obtained from
projection of the data set onto these basis functions have maximized variance.
The basis functions thus indicate areas which are most relevant for PNR and the
coefficients indicate which photon-number was measured on the detector.

Using this technique we demonstrate PNR up to four photons and showwhich
features contribute most to the PNR. These results are then verified using a
time to digital converter. This intrinsic PNR without the need for multiplex-
ing schemes will simplify many quantum optical experiments like single photon
heralding or gaussian boson sampling.

Q 64.4 Fri 11:45 HS 3219
Efficient heralding of pure single-photons at telecom wavelength from
pulsed cavity-enhanced SPDC — ∙Xavier Barcons Planas1,2, Helen M.
Chrzanowski2, Leon Messner2, and Janik Wolters2,3 — 1Institut für
Physik, Humboldt-Universität zu Berlin, Berlin, Germany — 2Institute of Opti-
cal Sensor Systems, German Aerospace Center, Berlin, Germany — 3Institut für
Optik und Atomare Physik, Technische Universität Berlin, Berlin, Germany
Entangled quantum states ofmultiple photons are crucial for pushing the bound-
aries of photonic quantum technologies. The generation of large multi-photon
entangled states demands light sources that provide highly pure photons with
high efficiency (either deterministic or heralded), as these factors limit scalabil-
ity. A popular approach is to herald single-photons from photon-pair sources
based on spontaneous parametric down-conversion (SPDC). Despite the spa-
tial and spectral multimode emission of the process, potentially constraining
the heralding efficiency and purity, the emitted photons can be engineered with
single-mode characteristics, through waveguide geometries [1], group velocity
matching techniques [2] or cavity resonators [3]. Here, we present a narrow-
band (170MHz) single-photon source at the C-band based on pulsed SPDC in a
monolithic crystal cavity. Pure (P > 95%) and fiber-compatible single-photons
have been generated with 85% heralding efficiency.

[1] A. Christ et al., Phys. Rev. A 80, 033829 (2009).
[2] P. J. Mosley et al., Phys. Rev. Lett. 100, 133601 (2008).
[3] R. Mottola et al., Opt. Express 28, 3159 (2020).

Q 64.5 Fri 12:00 HS 3219
Quantum optical properties of higher harmonics generated in semiconduc-
tors — ∙Philip Heinzel1 and René Sondenheimer1,2 — 1Friedrich-Schiller-
University — 2Fraunhofer Institute for Applied Optics and Precision Engineer-
ing
The exploration of resource state generation for quantum applications has gained
increased attention in recent years. Higher harmonics, generated through non-
classical effects, stand out as promising candidates for their potential quantum
attributes. To delve deeper into this phenomenon, our study focuses on the
generation of non-classical light via laser-driven semiconductor intraband ex-
citations, as investigated in [1]. Building upon the parametrical approximation
method [2], we adopt the approach outlined in [1] to characterize the gener-
ated states. Our objective is to extend the linearized Hamiltonian approximation
up to the quadratic order, introducing potential squeezing effects and rotations.
Furthermore, we aim to investigate the resulting states, exploring their photon
number statistics and quantum effects such as entanglement between different
harmonic modes. This examination will provide a more nuanced understand-
ing of the quantum properties inherent in states generated through laser-driven
semiconductor intraband excitations.

[1]https://arxiv.org/abs/2211.06177v2
[2]https://arxiv.org/abs/2106.15720

Q 64.6 Fri 12:15 HS 3219
Room-temperature ladder-type memory compatible with single photons
from InGaAs quantum dots — ∙Benjamin Maass1,2,3, Norman Vincenz
Ewald1,2,3, Avijit Barua3, Stephan Reitzenstein3, and Janik Wolters1,2
— 1Deutsches Zentrum für Luft- und Raumfahrt (DLR), Institut für optische

Sensorsysteme, Berlin — 2Technische Universität Berlin, Institut für Optik und
atomare Physik, Berlin — 3Technische Universität Berlin, Institut für Festkör-
perphysik, Berlin
The on-demand storage and retrieval of quantum information in coherent light-
matter interfaces is a key requirement for future quantum network and quantum
communication applications. Non-cryogenic alkali vapor memories offer scal-
able and robust high-bandwidth storage at high repetition rates which makes
them a natural fit for interfaces with single-photon sources. We present a detailed
experimental characterization of a room-temperature ladder-type atomic vapor-
based memory that operates on the Cs D1 line. We demonstrate on-demand
storage and retrieval of weak coherent laser pulses (0.06 photons per pulse) at
a high signal-to-noise ratio (SNR=625). The memory reaches a maximum in-
ternal storage efficiency of ηint = 16 % and a 1/e storage time of τs = 24 ns.
Benchmark properties for the storage of single photons from inhomogeneously
broadened state-of-the-art solid state emitters are estimated from the memory’s
performance. Together with the immediate availability of InGaAs quantum dots
emitting at 894 nm this provides a clear prospect for experiments on a heteroge-
neous on-demand quantum light interface.

Q 64.7 Fri 12:30 HS 3219
Solid state quantum emitter in wide band gap materials — ∙A. Kumar1, C.
Samaner2, C. Cholsuk1, T. Matthes1, S. Suwanna3, S. Ateş2, and T. Vogl4
— 1FSU Jena, Germany— 2İİT, Turkey— 3Mahidol University,Thailand— 4TU
Munich, Germany
With the rapid development of quantum technology, there has been a growing
demand for materials capable of hosting quantum emitters. One such material
platform is fluorescent defects in wide band gap materials capable of hosting
deep sub-levels within the band gap. Here, we investigate experimentally and
theoretically using DFT simulations and compare the fabrication and photo-
physical properties of quantum emitters in multi-layer mica, hBN and other 3D
crystals, such as silicon carbide and gallium nitride which are known to host
quantum emitters. We used localized electron beam irradiation process to in-
duce single emitters emitting at 575 nm in hBN with a high yield and emitter
ensembles in Mica. The emitters in hBN present a strong correlation with hBN
crystal axis, which provides an important step towards the identification of emit-
ters and their formation process. Additionally, we explore temporal polarization
dynamics, uncovering a mechanism that governs the time-dependent polariza-
tion visibility and dipole orientation of color centers in hBN and diamond. Our
further investigation involves the integration of hBN emitters with a nanopho-
tonics platform to develop on-chip quantum light sources for future quantum
technology applications.

Q 64.8 Fri 12:45 HS 3219
Characterizing random laser and cavity exiton-polariton supported ran-
dom laser action in disordered ensembles of the hybrid perovskite CH3
NH 3 PbBr 3 (MAPB) — ∙Regine Frank1,2, Paul Bouteyre3, Hai Son
Nguyen4,5, Christian Seassal4,5, Emmanuelle Deleporte3, and Bart A.
van Tiggelen6 — 1College of Biomedical Sciences, Larkin University, Miami,
Florida, USA — 2Donostia International Physics Center, 20018 Donostia-San
Sebastian, Spain — 3Universite Paris-Saclay, ENS Paris-Saclay, CNRS, Centrale-
Supélec, LuMIn, Gif-sur-Yvette, France— 4Universite de Lyon, Institut des Nan-
otechnologies de Lyon, INL/CNRS, Ecole Centrale de Lyon, Ecully, France —
5Institut Universitaire de France (IUF), Paris, Franceb — 6Universite Grenoble
Alpes, Centre National de la Recherche Scientifique, LPMMC, Grenoble, France
We present semi analytical as well as numerical results (WENO) for photonic
transport and Anderson localization of photons in laser active disordered en-
sembles of the hybrid perovskite CH3 NH3PbBr3 (MAPB) capped by PMMA.
We compare experiments of two dimensional and three dimensional transport
to time and space resolved numerics coherent to descriminate between directed
random laser emission and exciton-polariton supported random laser emission.
We present a systematic study of for disordered and quasi ordered ensembles.

Q 65: Ultra-cold Atoms, Ions and BEC V (joint session A/Q)
Time: Friday 14:30–16:30 Location: HS 1010
See A 40 for details of this session.

Q 66: Precision Spectroscopy of Atoms and Ions V / Ultra-cold Plasmas and Rydberg Systems II
(joint session A/Q)

Time: Friday 14:30–16:30 Location: HS 1098
See A 41 for details of this session.
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Q 67: Machine Learning
Time: Friday 14:30–16:30 Location: Aula

Invited Talk Q 67.1 Fri 14:30 Aula
Towards an Artificial Muse for new Ideas in Quantum Physics — ∙Mario
Krenn—Max Planck Institute for the Science of Light, Erlangen, Germany
Artificial intelligence (AI) is a potentially disruptive tool for physics and sci-
ence in general. One crucial question is how this technology can contribute at
a conceptual level to help acquire new scientific understanding or inspire new
surprising ideas. I will talk about how AI can be used as an artificial muse in
quantum physics, which suggests surprising and unconventional ideas and tech-
niques that the human scientist can interpret, understand and generalize to its
fullest potential.
[1] Krenn, Kottmann, Tischler, Aspuru-Guzik, Conceptual understanding

through efficient automated design of quantum optical experiments. Physical
Review X 11(3), 031044 (2021).
[2] Krenn, Pollice, Guo, Aldeghi, Cervera-Lierta, Friederich, Gomes, Häse,

Jinich, Nigam, Yao, Aspuru-Guzik, On scientific understanding with artificial
intelligence. Nature Reviews Physics 4, 761 (2022).

[3] Krenn, et al., Forecasting the future of artificial intelligence with machine
learning-based link prediction in an exponentially growing knowledge network.
Nature Machine Intelligence 5, 1326 (2023).

Q 67.2 Fri 15:00 Aula
Artificial Intelligence for Quantum Sensing — ∙Victor Jose Martinez
Lahuerta, Jan-Niclas Kirsten-Siemss, and Naceur Gaaloul — Leibniz
University Hannover, Institut of Quantum Optics, Welfengarten 1, 30167 Han-
nover, Germany
Algorithms from the field of artificial intelligence (AI) and machine learning
have been employed in recent years for a variety of applications to efficiently
solve multidimensional problems. In physics, these algorithms are applied with
increasing success, for example, to solve the Schrödinger equation for many-
body problems, or used experimentally to generate ultracold atoms and control
lasers. In this project we aim to work on three fundamental pillars of AI in atom
interferometry: theory modeling, measurement data extraction, and operation
of experiments. Within this context, I will talk about our results modeling a
diffraction phase-free Bragg atom interferometry.

This project is funded by the German Space Agency (DLR) with funds pro-
vided by the German FederalMinistry of Economic Affairs and Energy (German
FederalMinistry of Education and Research (BMBF)) due to an enactment of the
German Bundestag under Grant No. DLR 50WM2253A

Q 67.3 Fri 15:15 Aula
Optimizing the active isolation of an optical table with machine learning —
∙Jan-Niklas Feldhusen, Artem Basalaev, and Oliver Gerberding — In-
stitut für Experimentalphysik, Universität Hamburg, 22761 Hamburg, Germany
Environmental seismic disturbances, also called seismic noise, limit the sensi-
tivity of ground based gravitational wave detectors.

These disturbances couple via the optical components into the signal. To mit-
igate this noise, the optical components are passively isolated with suspensions.
Parts of the suspension system include an active isolation, which suppresses the
inflicted movement by knowing the transfer function of the suspension system
and the motion on the ground.

We study if it is possible to improve the active isolation with an artificial neu-
ral network. In our laboratory at Universität Hamburg we have a large vacuum
chamber with a seismically isolated optical table inside, intended for in-vacuum
testing of interferometric inertial sensors - a task that has qualitatively similar re-
quirements for seismic isolation as the first isolation stages of gravitational wave
detectors. In this study we show that it is possible to infer averaged spectral den-
sity of motion of the table from measurements with seismometers on the floor,
by utilizing artificial neural networks. We can get a better estimate of the seis-
mic noise spectral amplitudes on the optical table than a Wiener Filter. We also
investigate the ability of the neural network to predict future motion to get a
real-time active isolation by feedforward of the inverted anticipated motion.

Q 67.4 Fri 15:30 Aula
Evalutation of machine learning algorithms for applications in quantum gas
experiments — ∙Oliver Anton1, Victoria Henderson1, Elisa Da Ros1,
Philipp-Immanuel Schneider3,4, Ivan Sekulic3,4, Sven Burger3,4, and
Markus Krutzik1,2 — 1Institut für Physik and IRIS, Humboldt-Universität
zu Berlin — 2Ferdinand-Braun-Institut, Berlin — 3JCMwave GmbH, Berlin —
4Zuse Institute Berlin (ZIB), Berlin
The generation of clouds containing cold and ultra-cold atoms is a complex pro-
cess that requires the optimization of noisy data in multi dimensional parameter
spaces. Optimization of this problem can present challenges both in and outside
of the lab due to constrains in time, expertise, or access for lengthy manual op-
timization. Machine learning offers a solution thanks to its ability to efficiently
optimize high dimensional problems without the need for knowledge of the ex-

periment itself. In this presentation, we show the results of benchmarking vari-
ous optimization algorithms and implementations, testing their performance in
real-world experiment, subjected to inherent noise. This work is partially sup-
ported by the German Space Agency (DLR) with funds provided by the Federal
Ministry of Economic Affairs and Climate Action (BMWK) under grant num-
bers No. 50WM2067, 50WM2175 and 50WM2247.

Q 67.5 Fri 15:45 Aula
Machine learning optimal control pulses in an optical quantum memory —
∙Elizabeth Robertson1, Luisa Esguerra1,2, Leon Messner1, Guillermo
Gallego3, and JanikWolters1,2 — 1Deutsches Zentrum für Luft- und Raum-
fahrt e.V. (DLR), Rutherfordstr. 2, 12489 Berlin, Germany — 2Technische Uni-
versiät Berlin, Institute for Optics and Atomic Physics, Hardenbergstr. 36, 10623
Berlin, Germany — 3Einstein Center Digital Future and Science of Intelligence
Excellence Cluster 10117 Berlin, Germany
Efficient optical quantum memories are a milestone required for several quan-
tum technologies including repeater-based quantum key distribution and on-
demand multi-photon generation [1,2]. We present an optimization of the
storage efficiency of an optical electromagnetically induced transparency (EIT)
memory experiment in a warm cesium vapor using a genetic algorithm to update
the control laser waveform. The write pulse is represented either as a Gaussian
or free-form pulse, and the results from the optimization are analyzed and com-
pared. We find that the free-form pulses offer a 3%(7) improvement in efficiency,
over the learned Gaussian. By limiting the allowed pulse power in a solution, we
show a power-based optimization giving a 30% reduction in power, with mini-
mal efficiency loss.

[1] M. Gündoğan et al., Topical white paper: A case for quantum memories
in space (2021), arXiv:2111.09595 [2] J. Nunn et al., Multimode memories in
atomic ensembles, Physical Review Letters 101, 260502 (2008).

Q 67.6 Fri 16:00 Aula
Bayesian Optimization for Robust State Preparation in Quantum Many-
Body Systems — ∙Tizian Blatz1,2 and Annabelle Bohrdt2,3 — 1Ludwig-
Maximilians-Universität München, München, Germany — 2Munich Center
for Quantum Science and Technology (MCQST), München, Germany —
3University of Regensburg, Regensburg, Germany
New generations of ultracold atom experiments are continually raising the de-
mand for efficient solutions to optimal control problems. We present a Bayesian-
optimization approach to improve a state- preparation protocol recently im-
plemented in an ultracold-atom experiment to realize a two-particle fractional
quantum Hall state. Compared to manual ramp design, we demonstrate the su-
perior performance of our optimization approach in a numerical simulation, re-
sulting in a protocol that is faster by an order of magnitude at the same fidelity,
even when taking into account experimentally realistic levels of disorder in the
system. We extensively analyze and discuss questions of robustness and the re-
lationship between numerical simulation and experimental realization, and how
tomake the best use of the surrogatemodel trained during optimization. We find
that numerical simulation can be expected to substantially reduce the number of
experiments that need to be performed with even the most basic transfer learn-
ing techniques. The proposed protocol and workflow will pave the way toward
the realization of more complex many-body quantum states in experiments.

Q 67.7 Fri 16:15 Aula
Entanglement certification for mixed quantum states prepared on noisy
quantum hardware — ∙Andreas J. C. Woitzik1, Eric Brunner1,2, Jiheon
Seong3, Hyeokjae Kwon3, Seungchan Seo3, Joonwoo Bae3, Andreas
Buchleitner1,4, and Edoardo Carnio1,4 — 1Physikalisches Institut, Albert-
Ludwigs-Universität Freiburg, Freiburg im Breisgau, Federal Republic of Ger-
many — 2Quantinuum, London, United Kingdom — 3School of Electrical En-
gineering, Korea Advanced Institute of Science and Technology, Daejeon, Re-
public of (South) Korea— 4EUCOR Centre for Quantum Science and Quantum
Computing, Freiburg im Breisgau, Federal Republic of Germany
Entanglement is a fundamental aspect of quantum physics, conceptually, as well
as for its many applications. Classifying a given mixed state as entangled or
separable – a task referred to as the separability problem – poses a significant
challenge, since a N-qubit state can be entangled with respect to many different
partitions of the N qubits.

We have developed a classification method that feeds the statistics of random
localmeasurements into a non-linear dimensionality reduction algorithm, to de-
termine with respect to which partitions a given quantum state is entangled. Af-
ter training a model on randomly generated quantum states with different en-
tanglement structures, and of varying purity, we verify the accuracy of its pre-
dictions on synthetic test data, and finally apply it to states prepared on IBM
quantum computing hardware.
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Q 68: Quantum Computing and Simulation II
Time: Friday 14:30–16:30 Location: HS 1199

Q 68.1 Fri 14:30 HS 1199
Single atoms in a cavity: a platform for photonic graph states generation —
Philip Thomas, Leonardo Ruscio, ∙Olivier Morin, and Gerhard Rempe
— Max-Planck-Institut für Quantenoptik, Hans-Kopfermann-Straße 1, 85748
Garching
Photonic graph states are powerful resources for numerous quantum informa-
tion applications, from pure quantum computation, with so-called measure-
ment based quantum computing (MBQC), to the one-way quantum repeater for
quantum communication. However, generating graph states experimentally is a
tremendous challenge. The cavity QED toolbox offers all that is needed to effi-
ciently generate graph states. Using a single atom in an optical cavity we have
shown the generation record-size Greenberger-Horne-Zeilinger (GHZ) states
and linear cluster states [1]. With only one photon emitter, the type of graph
states one can generate remains limited though. Hence, to go beyond, we show
that elementary graph states – generated by two independent atoms – can be
fused into more complex graph states, such as ring states, used for error cor-
rection, and tree states for the one-way quantum repeater [2]. This concept can
be extended to an even larger number of atoms, providing a universal platform.
Hence, these demonstrations are moving forward the potential of graph states
for realistic applications in quantum information.

[1] P. Thomas et al., Nature 608, 677-681 (2022).
[2] P. Thomas et al., Under review (2024).

Q 68.2 Fri 14:45 HS 1199
Towards Photonic Cluster-State Generation — ∙Thomas Häffner, Siavash
Qodratipour, and Oliver Benson — Nano-Optik, Institut für Physik,
Humboldt-Universität zu Berlin, Berlin, Deutschland
Fusion-based linear optical quantum computing (LOQC) is a promising plat-
form, where the complexity is shifted from two-qubit gates to the generation of
a resource state, a highly entangled cluster state [1]. As the goal is an integrated
photonic implementation of such a quantum computer, our experiment is com-
pletely in optical fibers. Therefore a suitable choice for qubits is the time-bin
degree of freedom of single photons. Time-bin entangled pairs of two single
photons are generated in a type-II periodically-poled LiNbO3 waveguide by a
pulsed laser source [2]. We show Hong-Ou-Mandel (HOM) interference be-
tween two photons of two subsequent time-multiplexed pairs. The visibility of
the HOM interference is a measure of the pureness and indistinguishability of
single photons, which are necessary to efficiently entangle photons into cluster
states. Multi-pair generation decreases the visibility of the HOM interference.
A time-multiplexed pseudo-photon-number-resolving detector was built and is
used to optimize the probability of generating exactly one photon pair per pump
pulse. Recent results of the experimental implementation towards a time-bin fu-
sion gate will be presented. [1] Bartolucci, S. et al. Fusion-based quantum com-
putation. Nat. Commun. 14, 912 (2023) [2] Montaut, N. et al. High-Efficiency
Plug-and-Play Source of Heralded Single Photons. Phys. Rev. Applied 8, 024021
(2017)

Q 68.3 Fri 15:00 HS 1199
Entanglement Transfer Properties in Time-Multiplexed Discrete-Time
Quantum Walks — ∙Jonas Lammers, Federico Pegoraro, Philip Held,
Nidhin Prasannan, Fabian Schlue, Benjamin Brecht, and Christine Sil-
berhorn — Paderborn University, Integrated Quantum Optics, Institute for
Photonic Quantum Systems (PhoQS), Warburger Straße 100, 33098 Paderborn,
Germany
Entanglement, as it arises from quantum mechanics, is a powerful resource un-
derlying many protocols demonstrating quantum advantage. Interestingly, the
inseparability of multiple degrees of freedom underlying entanglement has a
classical analog exhibited for example by coherent laser light. As this classical
inseparability (aka. modal entanglement) cannot be used to violate local real-
ism, it has a controversial role in the field of quantum information science. In
this work, we contribute to this discussion by studying howmodal entanglement
interacts with quantum entanglement between two photons when subjecting one
photon to a quantumwalk evolution. For this purpose we generate two polariza-
tion entangled photons. One of which we send to a free-space time-multiplexed
discrete-time quantumwalk (QW).Here we investigate how themodal entangle-
ment generated via the QW transfers multi-particle entanglement from the ini-
tial polarization-polarization towards the position-polarization encoding span-
ning both photons. For this purpose, we perform two photon polarization to-
mography at each individual position of the QW. We further developed an orig-
inal measure which reveals signatures of multi-particle entanglement in condi-
tioned position distributions.

Q 68.4 Fri 15:15 HS 1199
Implementation of a scalable quantum network node — ∙Matthias
Seubert1, Lukas Hartung1, Stephan Welte2, Emanuele Distante1,
and Gerhard Rempe1 — 1Max- Planck-Institut für Quantenoptik, Hans-
Kopfermann-Str. 1, 85748 Garching — 2ETH Zürich, Otto-Stern-Weg 1, 8093
Zürich
For many envisioned applications of quantum networks, efficient and scalable
quantum nodes are needed. A promising candidate are single neutral atoms
trapped at the center of an optical resonator. While this architecture has proven
its capabilities for storing and processing quantum information [1], probabilis-
tic loading limits the number of individual controllable qubits to two. Optical
tweezers by contrast, have demonstrated deterministic loading and a high de-
gree of scalability [2].

In this talk, we show the merging of an optical cavity setup in the strong cou-
pling regime with an optical tweezers setup. 87Rb atoms are loaded at the center
of a resonator and transferred into an optical tweezers array. Exploiting movable
tweezers, individual atoms are rearranged in predefined atomic patterns with
sub-wavelength precision. Afterwards we load the atoms into a 2D optical lat-
tice. In this manner, we show a significant increase of preparing a deterministic
number of simultaneously coupled atoms at predefined positions. Furthermore,
we demonstrate the addressing capabilities of our setup by consecutively gener-
ating photons from individual atoms. In the future, this setup will be used to
efficiently generate atom-photon entanglement.

[1] A. Reiserer and G. Rempe, Rev. Mod. Phys. 87, 1379 (2015)
[2] D. Barredo et al., Science 354, 6315 (2016)

Q 68.5 Fri 15:30 HS 1199
Robust quantum-networknodes through real-timenoisemitigation— ∙Yang
Wang1,2, Sjoerd Loenen2, Barbara Terhal2,3, and Tim Taminiau2 — 13.
Physikalisches Institut, ZAQuant, University of Stuttgart, Allmandring 13, 70569
Stuttgart, Germany — 2QuTech, Delft University of Technology, PO Box 5046,
2600 GA Delft, The Netherlands — 3JARA Institute for Quantum Information,
Forschungszentrum Juelich, D-52425 Juelich, Germany
The nitrogen-vacancy (NV) center in diamond and other solid-state defect cen-
ters hold great potential for constructing quantum networks. NV centers can
be remotely connected through entanglement via photonic links. Furthermore,
by utilizing the electronic spin of the NV center to control associated nuclear
spins, a small multi-qubit register can be formed. However, reliably storing en-
tangled states while generating new entanglement links poses a significant chal-
lenge when scaling towards large networks.

In this study, we propose a method that utilizes spectator qubits to mitigate
noise on stored quantum states in real time. We consider a single NV center with
multiple nuclear-spin qubits, and some nuclear spins are selected as spectator
qubits that are not entangled with other nuclear spins serving as data qubits. The
spectator qubits are initialized in a phase-sensitive state, and measuring them
after sequences of optical entanglement attempts allows us to infer the stochastic
phases acquired by the data qubits without additional operations on them. The
spectator qubit approach is flexible and simple, and our experiments demon-
strate that spectator qubits may be a useful tool for realizing robust quantum-
network nodes.

Q 68.6 Fri 15:45 HS 1199
Two-qubit encoding strategy for a continuous quantum system— ∙Sebastian
Luhn andMatthias Zimmermann—DLR e.V., Institut für Quantentechnolo-
gien, Ulm
Bosonic codes employ particular states of an infinite-dimensional Hilbert space
to encode a qubit within a continuous quantum system. Despite the enormous
resources available in a continuous quantum system [1], typical encodings only
exist for single qubits [2]. Here we go one step further and present an encod-
ing for two qubits (four states), which protects against errors in the shift of the
canonical variables q and p. Furthermore, we present possible implementations
of common single and two-qubit operations, based on particular symmetry op-
erations for continuous quantum states represented by a square lattice in phase
space.

[1] Lloyd, S. and Braunstein, S. (1999). Quantum Computation over Contin-
uous Variables Phys. Rev. Letters, Vol. 82, No. 8

[2] Gottesman, D., Kitaev, A., and Preskill, J. (2001). Encoding a qubit in an
oscillator. Phys. Rev. A, 64:012310

Q 68.7 Fri 16:00 HS 1199
Programmable high-dimensional mode-sorting of time-frequency states of
single photons — ∙Laura Serino, Abhinandan Bhattacharjee, Michael
Stefszky, Christof Eigner, Benjamin Brecht, and Christine Silberhorn
— Paderborn University, Integrated Quantum Optics, Institute for Photonic
Quantum Systems (PhoQS), Warburger Str. 100, 33098, Paderborn, Germany
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The time-frequency (TF) degree of freedom of single photons provides high-
dimensional encoding alphabets that can enhance quantum information sci-
ence by increasing the robustness and capacity of quantum information carriers.
These alphabets are generally classified into frequency bins, time bins and tempo-
ral modes, each coming with its own unique challenges and advantages. Simul-
taneously manipulating or detecting multiple single-photon TFmodes and their
superpositions is a challenging task, andmost experimental demonstrations rely
on complex interferometric setups or on a combination of phase modulators and
pulse shapers, which are bound to a specific encoding alphabet.

In this work, we present for the first time programmable high-dimensional
mode-sorting of single-photon-level TF states, achieved through a multi-output
quantum pulse gate (mQPG). We demonstrate high-fidelity simultaneous high-
dimensional projections onto temporal modes, frequency bins and time bins,
where the encoding alphabet is changed programmatically via pulse shaping.
For each encoding alphabet, we demonstrate projections onto multiple superpo-
sition bases, paving the way for practical applications in quantum information
science.

Q 68.8 Fri 16:15 HS 1199
Towards solving Computer Vision optimization problems on an ion-trap-
based quantum computer — ∙Florian Köppen1, Sebastian Becker3, Mar-
cel Seelbach Benkner2, Michael Möller2, and Christof Wunderlich1

— 1Dept. Physik, Naturwissenschaftlich-Technische Fakultät, Universität
Siegen, Siegen, Germany — 2Dept. Informatik, Naturwissenschaftlich-
Technische Fakultät, Universität Siegen, Siegen, Germany — 3Mathematisch-
Naturwissenschaftliche Fakultät, Heinrich-Heine-Universität Düsseldorf, Düs-
seldorf, Germany
Many problems in computer vision are optimization problems with quadratic
cost functions - quadratic assignment problems (QAP) - which are NP-hard and
are solved on classical computers by heuristics and relaxation algorithms. A
QAP can be mapped onto an Ising-type Hamiltonian, which in turn could in
principle be solved efficiently and exactly on a quantum computer by quantum
annealing. With the help of magnetic gradient-induced coupling (MAGIC) be-
tween trapped ion-qubits, the long-range all-to-all interaction of the IsingModel
is realized[1]. Here, we present an algorithm translating a QAP into the phys-
ical coupling between qubits and further into concrete parameter settings of a
microstructured, segmented ion trap. This work is guided by using quantum an-
nealing with trapped ions for solving pertinent problems in computer vision. [1]
Pilz et al., Sci. Adv. 2 (7) 2016, e1600093

Q 69: Precision Measurements III (joint session Q/A)
Time: Friday 14:30–16:30 Location: HS 1221

Q 69.1 Fri 14:30 HS 1221
Coriolis bias estimation in the transportable Quantum Gravimeter QG-1
— ∙Pablo Nuñez von Voigt1, Nina Heine1, Najwa Al-Zaki1, Walde-
marHerr2, Christian Schubert2, Ludger Timmen3, JürgenMüller3, and
Ernst M. Rasel1 — 1Leibniz Universität Hannover, Institut für Quantenop-
tik, Hannover, Germany — 2Deutsches Zentrum für Luft und Raumfahrt, Insti-
tut für Satellitengeodäsie und Inertialsensorik, Hannover, Germany — 3Leibniz
Universität Hannover, Institut für Erdmessung, Hannover, Germany
The Quantum Gravimeter QG-1 relies on the interferometric interrogation of
magnetically collimated Bose-Einstein condensates (BEC) in a transportable
setup. The falling BEC is detected via absorption imaging, allowing a better
characterization of uncertainties of the motional degrees of freedom than fluo-
rescence detection. The horizontal velocity component is utilized to estimate the
uncertainty in the bias acceleration due to the Coriolis effect. Estimations from
a gradiometer measurement are presented together with proposed measures to
compensate for the Coriolis effect.

We acknowledge financial funding by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) - Project-ID 434617780 - SFB 1464 and
under Germany’s Excellence Strategy - EXC 2123 QuantumFrontiers, Project-
ID 390837967.

Q 69.2 Fri 14:45 HS 1221
Inertial sensing deploying painted optical potentials— ∙Knut Stolzenberg,
Sebastian Bode, Christian Struckmann, Alexander Herbst, Daida
Thomas, NaceurGaaloul, ErnstRasel, and Dennis Schlippert—Leibniz
Universität Hannover, Institut für Quantenoptik
Inertial sensors based on atom interferometers can become a viable addition to
classical IMUs, e.g., for autonomous driving or aviation in GNSS-denied envi-
ronments. While they are superior with respect to their accuracy and long-term
stability, it remains challenging to simultaneously measure accelerations and ro-
tations in one ormore axes in present experiments. In our experiment a 1064 nm
crossed optical dipole trap (ODT) is used for creation of quantum-degenerate
ensembles. By using acousto-optical deflectors in both ODT beam paths, we
add versatile control over the trapping potentials with respect to position and
trap depth. This allows for the creation of BECs amounting to a total number
of up to 300× 103 ultracold 87Rb atoms prepared in the magnetically insensitive
state F = 1,mF = 0. We report on prospects of implementing guided quan-
tum inertial sensors by light-pulsed atom interferometry in waveguides and by
atomtronics in painted potentials.

Q 69.3 Fri 15:00 HS 1221
Enhancing the sensitivity and dynamic range of atom interferometer mea-
surements using an integrated opto-mechanical vibration sensor— ∙Ashwin
Rajagopalan, Ernst M. Rasel, Sven Abend, and Dennis Schlippert —
Leibniz Universität Hannover, Institut für Quantenoptik,
Welfengarten 1, 30167 Hannover, Germany
The measurement sensitivity of an atom interferometer (AI) is predominantly
impaired by vibrational noise, this is due to its slow measurement rate and rel-
atively small dynamic range. As a first proof of principle, we demonstrated im-
plementing a miniaturized AI compatible opto-mechanical accelerometer to a
T = 10 ms AI which resolves measurement ambiguity and measures the local

gravitational acceleration with an uncertainty of 4 × 10−6 ms−2 after an inte-
gration time of 18000 seconds without any vibration isolation. We are now in
preparation to implement the next enhanced version of the opto-mechanical ac-
celerometer which is fully integrated with the retro-reflection mirror of the AI,
such that the AI and accelerometer share a common inertial reference. This new
accelerometer incorporates a Fabry Pérot interferometer with a mirror reflectiv-
ity of 99.9 percent for highly sensitive read-out. An efficient vibrational signal
read-out scheme has been implemented and first correlation with a state of the
art commercial accelerometer has been observed even at sub-Hertz frequencies.

Funded by the DFG EXC2123 QuantumFrontiers - 390837967 supported by
the DLR with funds provided by BMWK under Grant No. DLR 50NA2106
(QGyro+) and DFG SFB 1464 TerraQ.

Q 69.4 Fri 15:15 HS 1221
Towards compact and field deployable quantum sensors for inertial navi-
gation — ∙Ann Sabu1, Polina Shelingovskaia1, Yueyang Zou1, Mouine
Abidi1, Philipp Barbey1, Ashwin Rajagopalan1, Christian Schubert2,
Matthias Gersemann1, Dennis Schlippert1, Ernst M. Rasel1, and Sven
Abend1 — 1Institut für Quantenoptik - Leibniz Universität, Welfgarten 1, 30167
Hannover — 2Deutsches Zentrum für Luft- und Raumfahrt
Quantum sensors using atom interferometry enable precise measurements of
inertial forces with long-term stability. Highly sensitive and compact quantum
sensors for field applications still pose a challenge.

In this talk, the progess of three experimental devices will be presented: a ro-
bust single-axis accelerometer for dynamic applications; a transportable multi-
axis gyroscope; and a six-axis quantum sensor capable of measuring accelera-
tions and rotations compatible for quantum navigation.

Telecom fiber laser systems are used for all the three devices. For the multi-
axis gyroscope and the six-axis sensor, we exploit atom chip technology to create
Bose-Einstein condensates for its low expansion rates. We also use a combina-
tion of twin-lattice and relaunchmechanisms to formmultiple loops, providing a
framework for both compact and large-area sensors along with largemomentum
transfer.

We acknowledge financial support by the DFG EXC2123 QuantumFrontiers
- 390837967 and by the DLR with funds provided by BMWK under Grant No.
DLR 50NA2106 (QGyro+).

Q 69.5 Fri 15:30 HS 1221
Optically guided BEC interferometry with a single wavelength — ∙Simon
Kanthak1, Rui Li2, Ekim Hanimeli3, Mikhail Cheredinov2, Matthias
Gersemann2, Sven Herrmann3, Naceur Gaaloul2, Sven Abend2, Ernst
M. Rasel2, Markus Krutzik1, and the QUANTUS team1,2,3,4,5 — 1Institut
für Physik, HU Berlin — 2Institut für Quantenoptik, LU Hannover — 3ZARM,
Universität Bremen — 4Institut für Quantenphysik, Uni Ulm — 5Institut für
Angewandte Physik, TU Darmstadt
Precision sensing with Bose-Einstein condensates (BECs) has been achieved in
macroscopic interferometers with underlying large scale enclosed space-time ar-
eas. As an alternative approach, trapped atom systems offer the opportunity for
BEC sensors in more compact packages. This requires an optical guide, crossed
beams and beam splitters usually operated at different wavelengths.

We report on an optically guided BEC interferometer operated with a single
wavelength. To this end, atoms are first Bose condensed and delta-kick colli-
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mated using the magnetic potentials supplied by an atom chip. A single far-
detuned focused beam in a linear retro-reflector configuration then provides
both the tools to levitate as well as symmetrically split and recombine thematter-
wave packets to form a guided Mach-Zehnder type atom interferometer.

This work is supported by the German Space Agency (DLR) with funds pro-
vided by the FederalMinistry for EconomicAffairs andClimateAction (BMWK)
under grant number DLR 50WM2250B (QUANTUS+).

Q 69.6 Fri 15:45 HS 1221
First experiments in the Hannover Very Long Baseline Atom Interferom-
eter facility — ∙Vishu Gupta1, Kai Grensemann1, Dorothee Tell1, Ali
Lezeik1, MarioMontero1, Jonas Klussmeyer1, Klaus Zipfel1, Christian
Schubert1,2, Ernst Rasel1, and Dennis Schlippert1 — 1Leibniz Univer-
sität Hannover, Institut für Quantenoptik — 2Deutsches Zentrum für Luft und
Raumfahrt, Institut für Satellitengeodasie und Inertialsensorik
The gravitational acceleration of freely falling atoms can be measured accurately
by tracking their movement with vertical lattices of light in a matter-wave inter-
ferometer scheme. The Very Long Baseline Atom Interferometry (VLBAI) fa-
cility at the Hannover institute of technology allows for highly accurate inertial
measurements with applications ranging from fundamental physics to geodesy.
The 10 m baseline facility with Bose-Einstein Condensates (BECs) and high per-
formance seismic attenuation system (SAS) raises great potential for absolute
gravimeter. In the Hannover VLBAI facility, rubidium BECs will be launched
into the 10 m baseline to perform interferometery based on Bragg momentum
transfer. Here we present the recent development of the VLBAI facility. To this
point the installation of the Hannover VLBAI facility is complete with the Bragg
interferomtery laser system, an all-optical source of rubidium BEC and high-
performance in-vacuum SAS. We demonstrate the current status of the all op-
tical Rb-BEC source, first steps for passive vibration isolation using an SAS and
the necessary methods such as matter-wave lenses and Bragg beam splitters for
first inertial measurements.

Q 69.7 Fri 16:00 HS 1221
Probe thermometry with continuous measurements — ∙Julia Boeyens1,
Björn Annby-Andersson2, Pharnam Bakhshinezhad2,3, Géraldine
Haack4, Martí Perarnau-Llobet4, Stefan Nimmrichter1, Patrick P.
Potts5, and MohammadMehboudi3,4 — 1Naturwissenschaftlich-Technische
Fakultät, Universität Siegen, Siegen 57068, Germany — 2Physics Department
and NanoLund, Lund University, Box 118, 22100 Lund, Sweden — 3Technische
Universität Wien, Stadionallee 2, 1020 Vienna, Austria — 4Département

de Physique Appliquée, Université de Genève, 1211 Genève, Switzerland —
5Department of Physics, University of Basel and Swiss Nanoscience Institute,
Klingelbergstrasse 82, 4056 Basel, Switzerland
Accurate thermometry plays a vital role in natural sciences. A well studied ap-
proach is to prepare a probe and allow it to interact with a thermal environment
of unknown temperature for a fixed time before being measured. However, in
some experimentally relevant settings, it is more practical to allow the probe
to interact continuously with the environment. We consider a minimal model
consisting of a two-level probe coupled to the thermal environment. Monitor-
ing thermal transitions enables real-time estimation of temperature. We discuss
adaptive and non-adaptive strategies. In particular, we evaluate the Fisher in-
formation for the trajectories of the probe and optimise according to this. Fi-
nally, we investigate the performance of the thermometer when the measure-
ments made are subject to noise. This lays the foundation for experimentally
realised real-time adaptive thermometry.

Q 69.8 Fri 16:15 HS 1221
Sideband Thermometry on Ion Crystals — ∙Ivan Vybornyi1, Laura
Dreissen2,3, Dominik Kiesenhofer4,5, Helene Hainzer4,5, Matthias
Bock4,5, Tuomas Ollikainen4,5, Daniel Vadlejch2, Christian Roos4,5,
TanjaMehlstäubler2,6, and KlemensHammerer1 — 1Institut für theoretis-
che Physik, Leibniz Universität Hannover, Appelstraße 2, 30167 Hannover, Ger-
many— 2Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, 38116
Braunschweig, Germany — 3Department of Physics and Astronomy, Laser-
Lab, Vrije Universiteit, De Boeleaan, 1081 HV Amsterdam, The Netherlands
— 4Universität Innsbruck, Institut für Experimentalphysik, Technikerstraße 25,
6020 Innsbruck, Austria — 5Institut für Quantenoptik und Quanteninforma-
tion, Österreichische Akademie der Wissenschaften, Technikerstraße 21a, 6020
Innsbruck, Austria— 6Institut für Quantenoptik, Leibniz Universität Hannover,
Welfengarten 1, 30167 Hannover, Germany
Coulomb crystals of cold trapped ions are a leading platform for quantum com-
puting, simulations and metrology. For these applications, it is essential to be
able to determine the crystal’s temperature with high accuracy, which is a chal-
lenging task for large crystals due to complex many-body correlations. Recently
[arXiv:2306.07880v3] we presented an ion crystal thermometry method that
deals with this problem. With two experiments (4 ions 1D linear chain and 19
ions 2D crystal) we test the newmethod and cross-check it via other techniques.
The results confirm the new method being accurate and efficient. Current work
aims to generalize ion thermometry for non-thermal states of motion.

Q 70: Quantum Optics
Time: Friday 14:30–16:15 Location: HS 3118

Q 70.1 Fri 14:30 HS 3118
Bose-Einstein Condensation of Photons in a Four-Site Quantum Ring
— ∙Andreas Redmann, Christian Kurtscheid, Niels Wolf, Frank
Vewinger, Julian Schmitt, and Martin Weitz — Institut für Angewandte
Physik, Universität Bonn, Germany
Bose-Einstein condensation can be observed with e.g. ultracold atomic gases,
polaritons and since about a decade ago also with low-dimensional photon gases
[1]. In recent work with photon gases direct condensation into a coherently split
state of light has been realized [2]. Here we report on experimental work di-
rected at realizing thermalized photon gases in periodic potentials of increased
complexity, i.e. beyond a double well.

Our experiments use a controlled mirror surface delamination technique to
imprint four micro-wells arranged in a ring giving rise to a hybridized ground
state for the photon gas [3]. This ring of micro-wells is enclosed by a spherically
curved potential providing a manifold of harmonically spaced oscillator levels.

We observe macroscopic accumulation of photons in the ground state when
reaching the condensation threshold and the measured spectral photon distri-
bution closely follows a room temperature Bose-Einstein distribution. Using an
optical interferometer we probe for the relative phase relation of the emission of
the microsites, revealing the relative coherence between the four wells.
[1] J. Klaers et al., Nature 468, 545-548 (2010)
[2] C. Kurtscheid et al., Science 366, 894-897 (2019)
[3] C. Kurtscheid et al., EPL 130, 54001 (2020)

Q 70.2 Fri 14:45 HS 3118
Degenerate Cavity for Dispersive Imaging of Ultracold Atoms — ∙Oliver
Lueghamer1, Thomas Juffmann2,3, and Maximilian Prüfer1 — 1Vienna
Center for Quantum Science and Technology, Atominstitut, TU Wien —
2University of Vienna, Faculty of Physics, VCQ — 3University of Vienna, Max
Perutz Laboratories, Department of Structural and Computational Biology
Dispersive imaging is routinely used in cold atom experiments. However the
quantum limited operation is still a challenge. We present an approach using

a degenerate cavity, which allows the probe beam to pass the sample multiple
times. Degenerate cavities were already used in quantum microscopy to surpass
the shot noise limit without the use of delicate quantum states. For this mostly
biological investigations, a pulsed laser operation was employed. Only recently
continuous wave applications were implemented experimentally.

We develop and test such a degenerate cavity setup for the potential use in
a consisting atom chip experiment. We are able to show a signal to noise ratio
(SNR) enhancement for large biological samples (e.g. epithelial cells of a human
cheek). We investigate the possibility of quickly driving the inputmirror over the
free spectral range to have enhancement without stabilizing the cavity. We con-
clude by giving an outlook on the possibility to use this technique for ultracold
atom experiments.

Q 70.3 Fri 15:00 HS 3118
Rb-Xe Magnetometer - Quantum Memory Based on Rare Gases — ∙Denis
Uhland1, Luisa Esguerra2,4, Norman Vincenz Ewald2,3, Tianhao Liu3,
Wolfgang Kilian3, Jens Voigt3, JanikWolters2,4, and Ilja Gerhardt1 —
1Leibniz University Hannover, Institute of Solid State Physics, Light and Matter
Group, Hannover— 2GermanAerospaceCenter (DLR), Institute ofOptical Sen-
sor Systems, Berlin — 3Physikalisch-Technische Bundesanstalt, FB 8.2 Biosig-
nale, Berlin — 4Technische Universität Berlin, Institut für Optik und Atomare
Physik, Berlin
Optical quantummemories allow for the storage and retrieval of quantum infor-
mation. A common approach to establish such memories is to map the photonic
state onto optically accessible matter states. Even longer storage can be realized
with rare gases, but unfortunately, they lack convenient optical access, which
seemingly can be overcome [1]. Due to spin-exchange collisions arising from a
polarized ensemble of alkali atoms, it is possible to transfer photonic states onto
optical inaccessible spin states of the nucleus of rare gases. That results in an
increase of the memory time from milliseconds seen in alkali vapors to several
minutes or even hours [2]. A recent achievement uses 133Cs as an optical inter-
face for photons stored in collective spin excitation via EIT [3]. Here, we present
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our first steps toward quantum memories based on an Rb-129Xe mixture in a
magnetically shielded environment.

[1] O. Katz et al., Phys. Rev. A (2022) 105, 042606
[2] C. Gemmel et al., Eur. Phys. J. D (2010) 57, 303
[3] L. Esguerra et al., Phys. Rev. A (2023) 107, 042607

Q 70.4 Fri 15:15 HS 3118
Proposal for an experimental demonstration of unforgeable quantum to-
kens in a room-temperature atomic memory — ∙Luisa Esguerra1,2, Eliz-
abeth Robertson1,2, Helen Chrzanowski1, Inna Kviatkovski3,1, Leon
Messner1, Norman Vincenz Ewald1,4, Mathieu Bozzio5, and Janik
Wolters1,2 — 1German Aerospace Center (DLR), Institute of Optical Sensor
Systems, Berlin — 2TU Berlin, Institut für Optik und Atomare Physik — 3TU
Berlin, Institut für Luft und Raumfahrt — 4Physikalisch-Technische Bunde-
sanstalt, FB 8.2 Biosignale, Berlin — 5University of Vienna, Faculty of Physics,
Vienna Center for Quantum Science and Technology (VCQ)
Alkali vapor cell quantum memories offer a simple platform for a plethora of
applications in quantum information technologies. In this context, the efficient
and low-noise storage of quantum tokens for authentication purposes remains
an outstanding challenge. Inspired by a proposal for quantum money [1,2], we
develop a quantum-token protocol based on a time-bin encoding, and use the
memory system presented in [3] as a test platform for secure storage of the quan-
tum token. This constitutes an important first step towards the realisation of au-
thentification tokens secured by quantum mechanics.
[1]M. Bozzio et al., npj Quantum Inf 4, 5 (2018).
[2]M. Bozzio et al., Phys. Rev. A 99, 022336 (2019).
[3] L. Esguerra et al., Phys. Rev. A 107, 042607 (2023).

Q 70.5 Fri 15:30 HS 3118
Analytic Expressions of a closed-loop excitation scheme for phase-sensitive
RF E-field sensing using Rydberg atom-based sensors — ∙Matthias
Schmidt1,2, Stephanie Bohaichuk1, Vijin Venu1, Florian Christaller1,
Chang Liu1, Harald Kübler1,2, and James P. Shaffer1 — 1Quantum Val-
ley Ideas Laboratories, 485 Wes Graham Way, Waterloo, ON N2L 0A7, Canada
— 25. Physikalisches Institut, Universität Stuttgart, Pfaffenwaldring 57, 70569
Stuttgart, Germany
In this talk, we present theoretical work aimed at understanding radio frequency
phase measurement using all-optical, atom-based electric field sensors. Atom-
based radio frequency field sensors have a number of applications in commu-
nications, radar and test measurements. All of these applications benefit from
being able to detect phase, which remains illusive for Rydberg atom-based sen-
sors in the steady-state. To obtain an analytic expression for phase detection,
we investigate closed-loop excitations in cesium that preserve phase informa-
tion in a probe laser signal transmission coupled to one transition of the loop.
Insight into the mechanisms that enable phase determination is gained by ana-
lyzing the close-loop processes. We find the highest sensitivity region by look-

ing at the absorption contrast. The sensitivity maximizes when the atomic vapor
is weakly probed. By applying the weak probe approximation to the Lindblad-
master equation, we find an analytic expression for the absorption coefficient.
With this expression, we gain a deeper understanding of the multi-photon in-
terference and how this applies to phase readout in atom-based radio frequency
sensors.

Q 70.6 Fri 15:45 HS 3118
Chiral Orbital States with Rydberg Atoms — ∙Stefan Aull1, Steffen
Giesen2, Peter Zahariev1,3, Robert Berger2, and Kilian Singer1 —
1Experimentalphysik 1, Universität Kassel, Heinrich-Plett-Str. 40, 34132 Kas-
sel, Germany — 2Fachbereich Chemie, Philipps-Universität Marburg, Hans-
Meerwein-Str. 4. 35032 Marburg — 3Institute of Solid State Physics, Bulgarian
Academy of Sciences, 72, Tzarigradsko Chaussee, 1784 Sofia, Bulgaria
A protocol for the preparation of chiral orbital Rydberg states in atoms is pre-
sented. It has been shown theoretically that using a suitable superposition of hy-
drogen wave functions, it is possible to construct an electron density and proba-
bility current distribution that has chiral nature [1]. Circular Rydberg states can
be generated and subsequently manipulated with tailored RF pulses under the
influence of electric and magnetic fields, so that the desired chiral superposition
of hydrogen-like states with corresponding phases can be prepared. A method
to produce such Rydberg states is outlined and their properties including time
evolution are discussed. Necessary conditions for quantum numbers of super-
position states have been derived analytically. The results are aimed to be used
for chiral discrimination [2] of molecules.

[1] A. F. Ordonez and O. Smirnova, Propensity rules in photoelectron circular
dichroism in chiral molecules. I. Chiral hydrogen, Phys. Rev. A, vol. 99, no. 4,
p. 43416 (2019)

[2] S. Y. Buhmann et al., Quantum sensing protocol for motionally chiral Ry-
dberg atoms, New Journal of Physics, vol. 23, no. 8, Art. no. 8, (2021)

Q 70.7 Fri 16:00 HS 3118
Chiral sensing with nanophotonics — ∙Diana Shakirova, Adrià Canós
Valero, and Thomas Weiss — Institute of Physics, University of Graz, Uni-
versitaetsplatz 5, 8010 Graz, Austria
Chirality is a geometrical property whereby the mirror image of an object does
not coincide with the object itself. The handedness (left or right orientation in
space) of chiral molecules can define its action on living organisms, making chi-
ral sensing a crucial task in biology, chemistry and medicine. The difference in
transmission (DT) between left- and right-handed circularly polarized incident
light is used as a sensing measure, but this signal is extremely small. Nanopho-
tonics provides a great potential for enhancing DT using resonances maintained
by nanostructures in optical frequency range. In the work we discuss a theory
of chiral light-matter interaction, general approaches to enhance DT,and present
particular nanostructures for chiral sensing that support high-Q modes.

Q 71: Nano-Optics
Time: Friday 14:30–16:30 Location: HS 3219

Q 71.1 Fri 14:30 HS 3219
Near-field Fano spectroscopy of MaPbI3 nanoparticles — Jinxin Zhan1,
∙Tom Jehle1, Sven Stephan1, Sam Nochowitz1, Petra Gross1, Ekaterina
Tiguntseva2, Sergey Makarov2, and Christoph Lienau1 — 1Universität
Oldenburg, Germany — 2St. Petersburg, Russia
Dielectric nanoparticles particles have optical shape resonances that confine light
on the nanoscale in localized modes with well-defined spatial field profiles. A
particularly interesting example are halide perovskite nanoparticles, for which
the coupling between excitons and Mie modes results in Fano lineshapes in the
spectral domain [1]. Here, we use a new broadband, interferometric sSNOM
technique [2] to probe the time dynamics of the local optical near-fields of such
particles. We measure amplitude and phase of the scattered light field in a broad
spectral range and with 10 nm spatial resolution. Direct Fourier transforma-
tion gives the time dynamics of the local electric field, recorded with sub-cycle
resolution. We uncover biexponential near-field decays with a characteristic de-
structive interference dip after a few fs. In the spectral domain, this corresponds
to a Fano resonance with an unual 2π phase jump. We show that this signa-
ture arises from the intereference between spectrally broad dipole and narrow
quadrupole resonances of the particles. Our results give new insight into the op-
tical properties of high-index, active semiconductor nanoparticles with intrigu-
ing applicatoins for nanoscale all-opticals switching and lasing. [1] Tiguntseva,
E. Y., et al. Nano Lett. 2018, 18 (2), 1185-1190. [2] Zhan, J., et al. Advanced
Photonics 2020, 2 (04).

Q 71.2 Fri 14:45 HS 3219
Dynamics of exciton-polaritons in optically driven ZnO nano-particles
— Andreas Lubatsch1 and ∙Regine Frank2,3 — 1Physikalisches Institut,
Rheinische Friedrich Wilhelms Universitaet Bonn — 2College of Biomedical
Sciences, Larkin University, Miami, Florida, USA — 3Donostia International
Physics Center, 20018 Donostia-San Sebastian, Spain
We implement externally excited ZnOMie resonators in a framework of a gener-
alized Hubbard Hamiltonian to investigate the lifetimes of excitons and exciton-
polaritons out of thermodynamical equilibrium. Our results are derived by a
Floquet-Keldysh-Green’s functions formalism with Dynamical Mean Field The-
ory (DMFT) and a second order iterative per-turbation theory solver (IPT). We
find polaritons that result from a Fano resonance in the sense of coupling of the
continuum of the LDOS to the quantised ZnO resonator mode with lifetimes
between 0.6 ps and 1.45 ps. Our results are compared to recent experiments of
ZnO polariton lasers and to ZnO random lasers.

[1] A. Lubatsch, R. Frank, Appl. Sci. 2020, 10, 1836 [2] A. Lubatsch,R. Frank,
Symmetry 2019, 11, 1246 [3] T.-C. Lu, et. al. Opt. Express 2012, 20, 5530

Q 71.3 Fri 15:00 HS 3219
Magnetoplasmonic routing components: isolator, switch, circulator —
∙Sevag Abadian, Michail Symeonidis, Marian Bogdan Sirbu, and Tolga
Tekin— Fraunhofer IZM, Gustav-Meyer-Allee 25/Gebäude 17, 13355 Berlin
The surge in data traffic driven by mobile apps, high-definition content, IoT,
and AR is intensifying the demand for data centers to rapidly process and store
massive amounts of information. PICs hold promise for data centers by po-
tentially reducing power consumption and space requirements while optimiz-
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ing data traffic management. Advancement of routing components which play
a pivotal role in enabling efficient and seamless data flow across diverse appli-
cations, is a must. To achieve these functionalities, a medium that breaks spa-
tial and time symmetry is necessary. Among the different mechanisms used,
magneto-plasmonics has emerged as an efficient tool to be exploited. Plasmonic
slot waveguides can host coupled SPP modes which under external magneti-
zation, loose their symmetric and anti-symmetric modal profiles and become
asymmetric and anti-asymmetric. For isolators, this opens up theway for switch-
ing the light path in the forward and backward directions between the parallel
plasmonic interfaces, allowing the creation of high amplitude difference when
the backward travelling wave is completely absorbed or radiated by cavities or
gratings. For switches or circulators, this opens up the way for switching the
light path to one of the two or three arms. Magneto-plasmonics has emerged as
a satisfactory solutions for integratable routing components with high efficiency
and small footprint.

Q 71.4 Fri 15:15 HS 3219
Ultrafast near-field scanning optical oscilloscopy — ∙Juanmei Duan, Tom
Jehle, Sam Nochowitz, and Christoph Lienau — Universität Oldenburg,
D-26129, Germany
Metallic, dielectric and hybrid nanoparticles offer exciting opportunities to lo-
calize, manipulate and switch light on the nanoscale. A direct measurement of
the local electric field at the surface of the nanostructures is challenging however,
since these fields are often localized on exceedingly short length and time scales.
While experiments such as attosecond photoelectron emission microscopy or
phase-resolved photon-induced near-field electron microscopy have been pro-
posed, direct time-resolved measurements are still lacking. Here, we describe
and demonstrate a new experimental technique, ultrafast near-field oscilloscopy,
to probe coherent optical near-fields in the time with nanometer spatial resolu-
tion. For this, amplitude and phase of the local near-field scattered by a sharp
metal taper are recorded in a broad spectral range and on a time scale that is faster
than the tip modulation period. This allows us to record spectra as a function of
tip-sample distance, the key to probe tip-sample coupling experimentally. Direct
Fourier transform of the scattering spectra gives the local near-field dyanamics
with sub-cycle temporal and nanometer spatial resolution. We demonstrate the
versatility of this new approach by probing near-fields of dielectric and semi-
conducting nanoparticles, as well as different localized and propagating plasmon
mode of metal nanostructures.

Q 71.5 Fri 15:30 HS 3219
Ultrabright single photon sources from single molecules — ∙Subhabrata
Ghosh, Yijun Wang, Maximilian Luka, and Ilja Gerhardt — light & mat-
ter Group, Institute for Solid State Physics, Leibniz University Hannover, Appel-
strasse 2, D-30167 Hannover, Germany
A single photon source emits a stream of individual photons at most one at a
time and one after the another. Single organic dye molecules are considered as
versatile single photon sources due to their very narrow line widths and negli-
gible spectral diffusion. One of the major issues with single photon sources is
the engineering towards a maximal photon flux and how to detect these photons
then efficiently. The brightness and purity of single photon sources are measured
by saturation scans and intensity auto-correlation functions. The high brightness
of the single photon sources with very narrow spectral width at 1K will be pre-
sented. These sources can play an important role in quantum communications
and technology.

Q 71.6 Fri 15:45 HS 3219
On-chip interference of scattering from two individualmolecules— ∙Alexey
Shkarin1, Dominik Rattenbacher1, Jan Renger1, Tobias Utikal1,
Stephan Götzinger1,2, and Vahid Sandoghdar1,2 — 1Max Planck Institute
for the Science of Light, D-91058 Erlangen, Germany— 2Department of Physics,
Friedrich Alexander University Erlangen-Nuremberg, D-91058 Erlangen, Ger-
many
Scaling up quantum optical networks entail interconnecting ever larger number
of remote quantum emitters through optical means. The most technologically-

compatible way of doing this involves coupling multiple emitters to photonic
chip structures prepared according to the experimental requirements. Such
efforts are frequently stymied by low coupling efficiency of emitters to pho-
tonic structures, which is often overcome through resonant enhancement. In
our work, we employ on-chip disk resonators evanescently coupled to multiple
dibenzoterrylene molecules serving as optically active quantum two-level sys-
tem. To preserve the quality factor of the resonators, we use polyethylene (PE) as
a host material for molecules. Somewhat surprisingly, despite disordered nature
of PE we find that a large fraction of molecules preserve their excellent optical
properties, including lifetime-limited linewidths. Thanks to the high resonator
finesse, we observe Purcell enhancement of almost an order of magnitude in the
emission and strongmolecule-induced extinction of the resonatormode. Finally,
we simultaneously couple two molecules at the same frequency and observe sig-
nificant suppression of backwards scattering compared to a single emitter.

Q 71.7 Fri 16:00 HS 3219
Fourier-limited Single Molecules on a Surface — ∙Masoud Mirzaei1,2,
Alexey Shkarin1, Johannes Zirkelbach1, Ashley Jiwon Shin1,
Jan Renger1, Tobias Utikal1, Stephan Götzinger1,2,3, and Vahid
Sandoghdar1,2 — 1Max Planck Institute for the Science of Light, 91058 Er-
langen, Germany — 2Department of Physics, Friedrich-Alexander University
Erlangen-Nürnberg, 91058 Erlangen, Germany — 3Erlangen Graduate School
in Advanced Optical Technologies (SAOT), Friedrich-Alexander University
Erlangen-Nürnberg, 91052 Erlangen, Germany
We investigate the spectroscopic properties of individual dibenzoterrylene
(DBT) molecules on pristine anthracene crystal surfaces at sub-Kelvin temper-
atures. By quantifying temperature-induced dephasing effects on the molecular
transitions, we show that dephasing becomes negligible below 2K, leading to
Fourier-limited zero-phonon lines in DBT. We report on the spectral stability of
single molecule transitions as a function of laser power. Furthermore, polariza-
tion sensitive measurements allow us to determine the transition dipole orienta-
tion, which in turn provides direct information about the preferred orientation
of DBT molecules on anthracene crystal surfaces, in agreement with theoreti-
cal predictions. Our work marks the first instance of a lifetime-limited emission
for molecules placed on naked surfaces, opening the door to investigations in
the deep optical near-field regime, where atomic-resolution microscopy can be
combined with high-resolution molecular spectroscopy.

Q 71.8 Fri 16:15 HS 3219
High-resolution cryogenic spectroscopy of single organic molecules in
printed nanocrystals — ∙Mohammad Musavinezhad1,3, Jan Renger1,
Johannes Zirkelbach1, Tobias Utikal1, Claudio U. Hail2, Dimos
Poulikakos2, Stephan Götzinger1,3, and Vahid Sandoghdar1,3 — 1Max
Planck Institute for the Science of Light, Erlangen, Germany — 2ETH, Zürich,
Switzerland — 3FAU Erlangen-Nuremberg, Erlangen, Germany.
Organic dye molecules have shown promising functionalities in quantum pho-
tonic devices, but deterministic control of the molecules’ position and density
remains a challenge. Here, we extend our previous efforts on printing organic
nanocrystals (NCs) [1] to the new system of dibenzoterrylene (DBT) in an-
thracene (Ac). We examined the zero-phonon transitions of individual DBT
molecules in printed Ac NCs at 2 K. By using high-resolution fluorescence exci-
tation spectroscopy, we confirm that single-molecule transitions in printed NCs
are nearly as narrow as their lifetime-limited counterparts in bulk Ac. More-
over, we show that resonance instabilities are typically less than one linewidth.
We characterize the orientation and lateral coordinates of individual molecules
in a large number of NCs to assess the degree of crystallinity and the lateral
dimensions of the printed structures [2]. The combination of the emitters’ sub-
wavelength placement precision enabled by our nanoprinting method and their
spectral quality makes them attractive candidates for integration into quantum
optical circuits.

[1] Hail, C. U. et al., Nat Commun 10, 1880 (2019).
[2] Musavinezhad, M. et al., submitted.
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Working Group on Equal Opportunities (AKC) Overview

Working Group on Equal Opportunities
Arbeitskreis Chancengleichheit (AKC)

Agnes Sandner
Sprecherin des AKC

sandner@akc.dpg-physik.de

Overview of Invited Talks and Sessions
(Lecture hall Aula)

Invited Talks
AKC 1.1 Wed 13:00–14:00 Aula What’s wrong with me? — ∙Pauline Gagnon
Sessions
AKC 1.1–1.1 Wed 13:00–14:00 Aula AKC
AKC 2 Wed 13:00–14:00 Aula Women in Physics Lunch
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Working Group on Equal Opportunities (AKC) Wednesday

Sessions
– Invited Talks –

AKC 1: AKC
Time: Wednesday 13:00–14:00 Location: Aula

Invited Talk AKC 1.1 Wed 13:00 Aula
What’s wrong with me? — ∙Pauline Gagnon—CERN, Geneva
Why are sexism, homophobia and racism still so prevalent in physics? I start
from my personal experience to demonstrate that in fact the personal is politi-
cal. CERN, the largest physics laboratory in the world, welcomes scientists from

118 nationalities but still 80% of them are white and 80% are male. I examine
why this is so by reviewing many contributing factors and suggest a series of eas-
ily applicable measures that could greatly improve the situation. These measures
would benefit all scientists, regardless of their gender, race, sexual orientation,
physical ability or religion. It has been established that diversity benefits science
by increasing the creativity potential, a key ingredient to in scientific research.

AKC 2: Women in Physics Lunch
Time: Wednesday 13:00–14:00 Location: Aula
Female physicists of all career stages are cordially invited to join our meet-and-greet networking lunch. Diverse and all kinds of interested
colleagues are also welcome!
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Working Group "Young DPG" (AKjDPG) Overview

Working Group "Young DPG"
Arbeitskreis junge DPG (AKjDPG)

Vivienne Leidel
Fraunhofer-Institut für Angewandte Festkörperphysik

Tullastraße 72
79108 Freiburg
leidel@jdpg.de

Overview of Invited Talks and Sessions
(Lecture halls HS 3042 and HS 3044)

Sessions
AKjDPG 1.1–1.2 Sun 17:00–18:30 HS 3042 Tutorial: Mass Spectrometry
AKjDPG 2.1–2.2 Sun 17:00–18:30 HS 3044 Tutorial: Dipolar Gases
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Working Group "Young DPG" (AKjDPG) Sunday

Sessions
– Tutorials –

AKjDPG 1: Tutorial: Mass Spectrometry
Time: Sunday 17:00–18:30 Location: HS 3042

Tutorial AKjDPG 1.1 Sun 17:00 HS 3042
High-precision Penning-trap mass spectrometry: Basics and Applications
— ∙Klaus Blaum — Max-Planck-Institut für Kernphysik, Saupfercheckweg 1,
69117 Heidelberg
Like few other parameters, themass of an atom, and its inherent connection with
the atomic and nuclear binding energy and thus with the acting forces is a funda-
mental property, a unique fingerprint of the atomic nucleus. Depending on the
mass precision reached the applications range from the verification of nuclear
mass models, nuclear astrophysics, determination of fundamental constants, to
a test of the Standard Model of particle physics. The introduction of Penning
traps and storage rings into the field of mass spectrometry has made these meth-
ods a prime choice for high-precision mass measurements on short-lived and
stable nuclides. In this tutorial the basics of Penning-trap mass spectrometry
and its most recent applications will be presented.

Tutorial AKjDPG 1.2 Sun 17:45 HS 3042
Radioactive ions in heavy-ion storage rings: Intersection of nuclear, atomic
and astrophysics— ∙YuryA Litvinov—GSI Helmholtz Center for Heavy Ion
Research GmbH, Planckstrasse 1, 64291 Darmstadt
Storage of freshly produced secondary particles in an ion trap or a storage ring
is a straightforward way to achieve the most efficient use of these rare species.
Heavy-ion storage rings are multi-purpose ma- chines with versatile capabilities
for beam manipulations. The num- ber of physics cases possible to address is
enormous. Following the introduction to storage rings, the focus of the tutorial
will be on preci- sion experiments with highly-charged ions at the intersection
of atomic physics, nuclear structure and astrophysics. We will mainly discuss the
storage-ring mass spectrometry, which is complimentary to the one at the Pen-
ning traps, and exotic radioactive decays, which open up only in highly-charged
ions.

AKjDPG 2: Tutorial: Dipolar Gases
Time: Sunday 17:00–18:30 Location: HS 3044

Tutorial AKjDPG 2.1 Sun 17:00 HS 3044
Experiments with Ultracold Quantum Gases of Magnetic Atoms —
∙Lauriane Chomaz — Physikalisches Institut, Universität Heidelberg, Im
Neuenheimer Feld 226
Ultracold quantum gases provide a pristine platform to study few-body and
many-body quantum phenomena with an exquisite degree of control. The
achievement of quantum degeneracy in gases of atoms with large magnetic
dipole moments in their electronic ground states has opened new avenues of re-
search in which long-range anisotropic dipole-dipole interactions play a crucial
role. In this one-hour introductory lecture, I will give an overview of the mag-
netic quantum gas experimental platform and of the recent discoveries based on
this platform [1]. Magnetic quantum gases allow easy access to ultracold tem-
perature and quantum degeneracy in many-particle systems, and provide a wide
variety of tuning knobs, in particular over the interaction competition and the
gas confinement geometry. Fine control of this interaction competition and gas
geometry has led in recent years to the discovery of novel many-body quantum
states, including liquid-like droplets, droplet crystals, and supersolids, a para-
doxical phase of matter that simultaneously exhibits solid and superfluid orders.

I will highlight current research directions and prospects opened up by these
discoveries and the increasing level of control.

[1] L. Chomaz, I. Ferrier-Barbut, F. Ferlaino, B. Laburthe-Tolra, B. L. Lev, and
T. Pfau, Dipolar physics: a review of experiments with magnetic quantum gases,
Rep. Prog. Phys. 86, 026401 (2023).

Tutorial AKjDPG 2.2 Sun 17:45 HS 3044
Theoretical modelling of dipolar quantum gases — ∙Thomas Bland — Uni-
versität Innsbruck, Institut für Experimentalphysik, Innsbruck, Austria
Since the first observation of a Bose-Einstein condensate (BEC) made from
strongly magnetic atoms, these systems have proven to be a rich source of new
and fascinating phenomena arising from the long-range and anisotropic dipole-
dipole interaction. In this tutorial, I will introduce the underlying theoretical
models of these systems; ranging from mean-field theories for bulk gases that
predict, for example, the existence of the supersolid phase, to many-body theo-
ries for atoms trapped in optical lattices, where the long-range interactions intro-
duce a plethora of new quantum phases with links to a broad range of condensed
matter and solid-state systems.
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Wenzel, Sten . . . . . . . . . . . . . . . . . Q 57.5
Wenzlawski, André . . . Q 38.7, Q 55.4,

Q 56.4, Q 56.21, Q 62.8
Werner, Leonie . . . . ∙MO 7.4, MO 26.2
Werner, Michael . . . . . . . . . . . . . ∙Q 56.9
Wernet, Philippe . . . . . . . . . . . . MO 7.12
Wernsdorfer, Wolfgang Q 12.6, Q 12.7
Wessels-Staarmann, Philipp . . . A 5.7,

A 25.15
Wester, Roland . . . . . .MO 7.2, MO 7.3,

MO 8.4, MO 8.5
Westmeier, Fabian MO 7.11, MO 19.5,

MO 19.6, MO 23.5
Wetter, Helene . . . . . . . . . . . . . . . Q 24.4
Weyrich, Jana . . . . . . . . . . . . . . . ∙MS 2.7
Whaley, Birgitta . . . . . . . . . . . . . ∙PV VIII
Wicht, Andreas . . . . Q 56.30, Q 56.31,

Q 56.36, Q 57.5
Wickenbrock, Arne . . . . . . A 6.5, Q 5.7,

Q 38.3, Q 38.8, Q 45.2
Widajko, Alexej . . . . . . . . . . . . .∙Q 23.32
Widera, Artur .A 15.9, A 15.11, A 15.13,

A 25.1, A 25.5, A 25.7, A 26.8,
A 33.28, Q 6.4, Q 24.25, Q 24.26,
Q 32.3, Q 32.4, Q 38.6, Q 38.10,
Q 38.11, Q 38.14

Wiechmann, Falk-Erik . . . . . . MO 27.6,
∙MO 27.7

Wiederin, Andreas . . . . . . . . . . MS 4.13
Wieduwilt, Torsten . . . .Q 29.1, Q 39.9,

Q 39.11
Wieland, Niclas A 2.6, A 18.7, ∙A 27.6,

A 33.10
Wienand, Julian . . . . . . . Q 9.5, ∙Q 16.5
Wiener, Markus . . . . . . . . . . . . . . . Q 17.1
Wienholtz, Frank . . . . .MS 5.3, MS 5.4
Wienhoven, Leonardo G. C. . Q 23.30,

Q 34.4
Wieser, Alexander . MS 3.4, ∙MS 4.10,
∙MS 9.5

Wiesinger, Markus . . .∙A 15.10, A 19.1,
A 19.6, Q 59.2

Wiesner, Felix . . . . . . . . . . . . . . ∙Q 57.16
Wikmark, Hampus . . . . . . . . . . MO 7.12
Wild, Robert . . . . . . . . . MO 7.3, MO 8.5
Wilhelm, Benjamin . . . . . . . . . . Q 37.32
Wili, Simon . . . . . . . . . . .A 29.7, ∙Q 32.2
Wilkinson, Joseph William Peter
∙A 5.5

Will, Christian . . . . . . . . .A 15.10, A 19.1
Will, Martin . . . . . . . . . . ∙Q 3.7, Q 24.20
Wilson, John . . . . . . . . . . . . . . . . . Q 23.1
Wilson, John D. . . . . . . . . . . . . . . Q 23.2
Wilzewski, Alexander A 22.1, A 33.14,

A 36.7
Wind, Cedric . . . . . . . . . ∙Q 4.3, Q 24.42
Windpassinger, Patrick . . . . . .A 15.30,

Q 18.4, Q 24.38, Q 38.7, Q 55.4,
Q 56.4, Q 56.21, Q 57.8, Q 62.8

Winkelmann, Lutz . . . . . . . . . . . . Q 46.3
Winkelvoß, Magdalena . . . . . ∙Q 23.50
Winkler, Stephan . . . ∙MS 2.8, MS 3.2,

MS 3.4, MS 7.4, MS 9.6
Winter, Paul . . . . . . . . . . . . . . . . . . ∙A 16.1
Winters, Danyal . . . . . . . . . . . . . . Q 57.4
Wirth, Moritz . . . . . . . . .A 15.22, A 29.2
Wirth, Timo . . . . . . . . . . . . . . . . .∙A 33.21
Wirtz, Jan . . . . . . . . . . . . . . . A 6.2, A 6.3
Wissenberg, Stephan H. . . . . . . Q 59.2
Wittmann, Robin . . . . . . . . . . . ∙Q 23.36
Witzel, Bernd . . . . . . . . . . . . . . . . ∙Q 46.6

Witzenrath, Jonas . . ∙A 26.8, A 33.28
Wohlfart, Lilith . . . . . . . . . . . . . . ∙MO 7.5
Woitzik, Andreas J. C. . . . . . . . ∙Q 23.4,
∙Q 67.7

Wojciechowski, Adam . . . . . . . . Q 38.8
Wolf, Alexander . . . . . . . . . . . . . . .∙Q 3.8
Wolf, Andreas . . . . . . . MS 2.2, MS 2.3,

MS 4.1, MS 4.12
Wolf, Fabian . . . . . . . . . . . . . . . . . . A 11.8
Wolf, Janis MS 3.4, ∙MS 4.6, ∙MS 6.3
Wolf, Niels . . . . . . . . . . . ∙Q 24.2, Q 70.1
Wolff, Gerhard . . . . . . . . . . . . . . Q 38.41
Wolff, Lukas . . . . . . . . . . . . . . . . . . ∙A 2.4
Wolff, Wania . . . . . . . . . . . . . . . .MO 17.5
Wollenberg, Janice . . . . . . . . . . ∙Q 57.1
Wollenberg, Jonas . . . . Q 5.3, Q 39.14
Wollenhaupt, M. . . . . . . . . . . . . . . A 10.1
Wollenhaupt, Matthias . . . . . . . . A 10.5
Wolters, Janik . . . . . . . Q 21.8, Q 37.41,

Q 37.51, Q 38.31, Q 38.37, Q 64.4,
Q 64.6, Q 67.5, Q 70.3, Q 70.4

Woltmann, Marian . . . . A 26.6, Q 18.6,
∙Q 55.13

Wong, Kai-Fu . . . . . . . . . . . . . . . . ∙Q 59.7
Worbs, Lena . . . . . . . . . . . . . . . .MO 25.1
Worm, Steven . . . . . . . . . A 22.2, Q 11.1
Wörnle, Raphael . . . . . . . . . . . .∙Q 55.22
Wöstmann, Michael . . . . . . . . . . A 16.6
Wouterlood, Brendan . . . . . . . ∙MO 3.8,

MO 25.5
Wouters, Michiel . . . . . . . . . . . . . . . Q 9.1
Wrachtrup, Joerg . . . . Q 43.8, Q 56.38
Wrachtrup, Jörg . . . . . . .A 31.2, Q 30.1,

Q 30.2, Q 30.4, Q 34.3, Q 38.45,
Q 55.22, Q 55.28

Wright, Sid . . . . . . . . . . . . . . . . . .∙MO 6.2
Wu, Ling-Na . . . . . . . . . . . . . . . . . .A 15.11
Wu, Wei . . . . . A 25.6, A 25.27, A 28.4,
∙A 34.1

Wu, Xuntao . . . . . . . . . . . . . . . . . . Q 43.8
Wu, Zhenlin . ∙MO 6.6, MS 4.2, Q 37.4,

Q 37.5
Wuelfing, Lasse . . . . . . . . . . . . . . . A 2.6
Wülfing, Lasse .A 18.6, A 18.7, A 27.6,
∙A 33.10

Wunderlich, Christof . . Q 9.8, Q 55.15,
Q 55.16, Q 55.17, Q 55.18, Q 60.1,
Q 60.6, Q 68.8

Wünsche, Martin . . . . . . . . . . . . Q 57.16
Wursten, Elise . . . . . . . . . . . . . . . A 15.10
Würthner, Frank . . . MO 21.8, MO 23.6
Wüst, Jakob . . . . . . . . . . . . . . . ∙A 33.28
Wüster, Sebastian . . . . . . . . . . MO 20.7
Xibraku, Malwin . . . . . . . . . . . . . . .Q 12.1
Xu, Bingxin . . . . . . . . . MO 25.6, Q 36.6
Xu, Changhao . . . . . . . . .A 31.1, ∙Q 38.1
Xu, Jingyan . . . . . . . . . . . . . . . . . ∙MO 7.1
Xu, X. . . . . . . . . . . . . . . . . . . . . . . .MO 15.3
Xu, Youjiang . . . . . . . . . . . . . . . . . ∙Q 37.3
Xuereb, André . . . . . . . . . . . . . . . . Q 17.2
Yachmenev, Andrey . . . . . . . . . .MO 4.2
Yadin, Benjamin . . . . . . . . . . . . . ∙Q 47.2
Yaghoubi, Pedram . ∙Q 55.16, Q 55.18
Yago Malo, Jorge . . . . . . . . . . . . Q 42.6
Yalunin, Sergey V. . . . . A 15.29, A 21.3
Yamamoto, Takashi . . . Q 34.5, Q 43.1
Yan, Yihui . . . . . . . . .MO 26.3, ∙MS 4.11
Yang, Joshua . . . . . . . . . . . . . . MO 25.6
Yang, Kiyoul . . . . . . . . . . . . . . . .MO 25.6
Yang, Mingwei . . . . . . . . . . . . . . Q 37.41
Yang, Yujia . . . . . . . . . . . . . . . . . . . Q 44.7
Yankelev, Dimitry . . . . . . . . . . . . . A 30.2
Yashwantrao, Priyanka . . . . . . . Q 21.6,
∙Q 37.47

Yefsah, Tarik . . . . . . . . . .A 29.8, A 40.3
Yeo, Xi Jie . . . . . . . . . . ∙Q 6.8, ∙Q 23.24
Yerokhin, Vladimir . . . . . A 11.3, A 36.1
Yerokhin, Vladimir A. . A 19.7, A 33.19
Yildiz, Hüseyin . . . . . . . . A 15.10, A 19.1
Yildiz, Okan . . . . . . . . . . . . . . . . .MO 21.6
Ying, Bo . . . . . . . . . .MO 7.13, ∙MO 22.6
Yoder, Bruce L. . . . MO 26.5, MO 26.6
Yong, Sejung . . . . . . . . . . . . . . . . ∙Q 32.3
Young, Linda . . . . . . . . . . . . . . . .MO 11.3
Yu, Mei . . . . . . . . . . . . ∙Q 33.4, ∙Q 38.40
Yu, Nan . . . . . . . . . . . . . .Q 45.4, Q 56.16
Yurkov, Mikhail . . . . . . A 25.28, A 33.4

Z. Hatsagortsyan, Karen . . . . . . A 10.7
Zaccanti, Matteo . . . . . . . . . . . . . A 25.4
Zacharias, Helmut . . . . . . . . . . . . A 16.6
Zache, Torsten . . . . . . . . . . . . . . . Q 50.5
Zacherl, Florian . . . . . . . . . . . . . . . A 19.6
Zahariev, Peter . . . . . ∙Q 24.46, Q 70.6
Zaitsev, Alexander . . . . . . . . . . . .Q 38.4
Zamudio-Bayer, V. ∙MO 15.3, MO 15.5,

MO 15.6, MO 18.2
Zamudio-Bayer, Vicente . . . . MO 15.4,

MO 18.1
Zangrando, M. . . . . . . . . . . . . . . . . A 10.1
Zappa, F . . . . . . . . . . . . . . . . . . . . . A 34.4
Zappa, Fabio . . . . . .MO 8.5, ∙MO 18.7,

MS 2.6
Zatsch, Jonas . . . . . . . . . . . . . . . . Q 64.1
Zatul, Arifa Khatee . . . . . . . . . . . . . A 1.6
Zavatta, Alessandro . . . . . . . . . . Q 35.1
Zawierucha, Maximilian Jasin ∙A 11.8
Zayko, Sergey . . . . . . . . . . . . . . . ∙A 21.6
Zeier, Robert . . Q 17.2, Q 53.4, Q 53.5,

Q 53.6, Q 53.7
Zeiher, Johannes . . . . . A 29.4, A 37.3,

Q 23.9, Q 37.25
Zeisberger, Matthias . .Q 29.1, Q 39.9,

Q 39.11
Zenner, Jannik . . . . . . . . . . . . . . . . Q 11.4
Zenz, Benjamin . . . . Q 38.48, ∙Q 44.5,

Q 52.3
Zeppenfeld, Martin . . . . . . . . . MO 17.7
Zesar, Alexander . . . Q 37.21, Q 38.16,

Q 61.5, ∙Q 61.6
Zeybek, Zeki . . . . . . . . . . . . . . . . ∙A 15.18
Zhan, Jinxin . . . . . . . . . . . . . . . . . . .Q 71.1
Zhang, Chi . . . . . . . . . . . . . . . . . . Q 38.20
Zhang, Jin . . . . . . . . . . . . . . . . . . Q 24.27
Zhang, JIxing . . . . . . . . . . . . . . ∙Q 56.38
Zhang, Ke . . . . . . . . . . . . . . . . . . . . A 17.9
Zhang, Weiyu . . . . . . . A 25.28, A 33.4,
∙MO 22.3, MS 2.3, MS 4.1

Zhang, Yizhu . . . . . . . . . . . . . . . . . . A 2.3
Zhang, Yuan . . . . . . . . . . . . . . . . . .Q 10.4
Zhang, Yuchen . . . . . . . . . . . . . . . Q 26.2
Zhang, Yuzhe . . . . . . . A 25.21, ∙A 26.7,

A 35.2, A 35.3
Zhang, Zhao-Han . . . . . . . . . . . . . A 21.8
Zhang, Zhuan-Yang . . . . . . . . .MO 16.2
Zhao, Jiachen . . . . . . . . A 15.28, A 28.1
Zhao, Yanqiu . . . . . . . . . . . . . . . . ∙Q 36.8
Zhu, Binghui . . . . . . . . . . . . . . . . . . A 11.7
Zhu, Zijie . . Q 24.34, Q 24.35, ∙Q 32.7
Ziegenrücker, René . . MS 3.2, MS 3.4
Ziemba, Michael . . . . . . . . . . ∙MO 17.10
Zimmermann, Conrad ∙Q 13.6, Q 13.7
Zimmermann, Conrad L . . . . . . . Q 11.2
Zimmermann, Gil . . . . ∙Q 35.6, Q 35.7
Zimmermann, Hanns . . ∙A 2.5, Q 23.5
Zimmermann, Matthias . . . . . Q 37.17,

Q 68.6
Zimmermann, Robert . Q 56.5, Q 56.6
Zindel, Christina . . . . . . A 23.1, A 23.5,

MO 19.4, ∙MO 23.3
Zinke, Jens . . . . . . . . . . . . . . . . . . MS 4.5
Zipfel, Klaus Q 55.9, Q 56.12, Q 56.23,

Q 69.6
Zirkelbach, Johannes Q 55.34, Q 71.7,

Q 71.8
Zisis, Dimitrios . . . . . . . . . . . . . . ∙A 22.8
Žitnik, Matjaž . . . . . . . . . . . . . . . .MO 8.6
Zitzer, Gregor . . . . . . . . . . . . . . . . ∙A 17.9
Zlatanov, Kaloyan . . . . . . . . . . . . ∙A 17.2
Zmerli, M. . . . . . . . . . . . . . . . . . . MO 22.1
Znotins, Aigars . . . . . . . . . . . . .MO 24.6
Zoller, Peter . . . . . . . . . . . . . . . . . . Q 50.5
Zou, Dian . . . . . . . . . . .Q 56.31, Q 56.36
Zou, Kefei . . . . . . . . . . . . . . . . . . ∙A 25.29
Zou, Yueyang . . . . . . Q 56.13, Q 56.22,

Q 69.4
Zoufal, Aline . . . . . . . . . . . . . . . . ∙MS 4.5
Zuber, Nicolas . . . . . . . . . . . . . . . . . A 1.5
Zülch, Carsten . . . . . . . . . . . . . . . ∙A 22.7
Zürn, Gerhard . . . . . . . . . . A 5.1, A 26.9
Zwettler, Timo . . . . . . . . . . . . . . . ∙A 29.3
Zwickel, Sebastian . . MS 3.4, MS 4.6,
∙MS 9.6, MS 9.7
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Index of Exhibitors

Exhibition venue
Platz der Alten Synagoge
Tent A - C, 79098 Freiburg

Exhibition opening hours

Tuesday, March 12  10:30 – 19:00
Wednesday, March 13  10:30 – 19:00
Thursday, March 14  10:30 – 19:00

The entrance is free!

Company Location Stand-No.

Active Technologies SRL  Tent C 11
 Via Bela Bartok, 29/B, 44124 Ferrara (Italy)
Active Technologies company mission is to deliver to the most advanced 
research centers, the best signal stimulus solution as fast pulse generators, 
arbitrary waveform generators and data pattern generators.

 AHF analysentechnik AG  Tent A 42
 Kohlplattenweg 18, 72074 Tübingen 
 Optische Filter und Lichtquellen

AMETEK GmbH  Tent A 41
 Rudolf-Diesel-Straße 16, 40670 Meerbusch 
 TMC Vibration Control

attocube systems AG  Tent B 24
 Eglfinger Weg 2, 85540 Haar 
 Nanopositioners, low-vibration cryostats, low-temperature scanning probe 
and nanoscale imaging & spectroscopy systems

CAEN ELS S.R.L.  Tent C 07
 AREA Science Park - SS14 km 163,5, 34149 Basovizza, Trieste (Italy)
 High Performance Power Supplies, High Precision Current Measurements,
 Beamline Electronic Instrumentation, FMC and MicroTCA

Deutsche Forschungsgemeinschaft (DFG) Physik, Mathematik,  Tent A 38
Geowissenschaften
 53170 Bonn 
Information und Beratung zu den Förderprogrammen der DFG

femtoPro Institut für Physikalische und Theoretische Chemie Tent B 25
 Am Hubland, 97074 Würzburg 
 Kurzdistanzbeamer, mobile Beamer-Leinwand, Virtual-Reality Headsets

GWU-Lasertechnik Vertriebsgesellschaft mbH Tent C 16
 Bonner Ring 9, 50374 Erftstadt 
 Abstimmbare Lasersysteme & OPOs; Kristalle (Laser, nicht-lineare, AOMs); 
Spektrografen; Fiberlaser, Laserdioden

Hamamatsu Photonics Deutschland GmbH Tent B 22
 Arzbergerstraße 10, 82211 Herrsching 
 Our mission is to benefit society through the development of 
 technologies that capture, measure, and generate various types of light.
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Hiden Analytical Europe GmbH  Tent A 31
 Kaiserswerther Straße 215, 40474 Düsseldorf 
Hiden Analytical is a global leader in the design and manufacture of 
quadrupole mass spectrometers for research, development and 
production applications.

HighFinesse GmbH  Tent A 46
 Wöhrdstraße 4, 72072 Tübingen 
HighFinesse GmbH is a leading global manufacturer of high-precision wave-
length measurement devices based in Tübingen. Providing the standard 
of accuracy in industry, scientific research and development 

Hositrad/Holland  Tent C 18
 De Wel 44, 3871 MV Hoevelaken (The Netherlands)
 CF, KF, ISO, UHV-Vakuumbauteile, Elektrische Durchführungen, 
 Membranbalgen, Special Products

Hübner Photonics  Tent A 45
 Heinrich-Hertz-Straße 2, 34123 Kassel 
 Manufacturer of high performance lasers and THz systems

IndiScale GmbH  Tent C 13
 Lotzestraße 22a, 37083 Göttingen 
 We implement research data management solutions with the agile, 
 open-source LinkAhead for heterogenous data from experiments, 
 observations, simulations, and your analysis results. It is designed to fit 
 existing workflows and infrastructure, custom softwares, ELNs

Jäger Computergesteuerte Messtechnik GmbH Tent A 35
 Rheinstraße 4, 64653 Lorsch 
 ADwin-Echtzeitsysteme für schnelle, freiprogrammierbare Steuerungs- 
 und Regelaufgaben.

Kashiyama Europe GmbH  Tent C 04
 Leopoldstraße 244, 80807 München 
Vacuum Solutions

LIOP-TEC GmbH  Tent C 15
 Industriestraße 4, 42477 Radevormwald 
 Optomechanik, kundenspezifische Spiegelhalter, gepulste ns 

Menlo Systems GmbH  Tent A 29
 Bunsenstraße 5, 82152 Martinsried 
Frequency Combs, Quantum Systems, Ultrastable Lasers, FS Lasers, 
THz Systems

MG Optical Solutions GmbH  Tent C 03
 Industriestraße 23, 86919 Utting/Ammersee 
 MIR-detector and –spectrometer; THz-laser and -analyzing systems; low 
 noise – high precision laser electronics; frequency combs; tunable MIR-
 laser; wavemeter and laser spectrum analyzer.

MOG Laboratories Pty Ltd  Tent A 33
 49 University St.,  St. Carlton, VIC 3053 (Australia)
Ext. cavity diode lasers, injection-locked and tapered amplifiers, fibre 
amplifiers, frequency doublers/mixers, wavemeters, agile RF synthesizers, 
fast servo controllers, scientific instrumentation.
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MRC Systems GmbH Medizintechnische Systeme Tent A 40
 Hans-Bunte-Straße 10, 69123 Heidelberg 
 Laserstrahlstabilisierung

Munich Quantum Valley  Tent C 06
 Leopoldstraße 244, 80807 München 
 Munich Quantum Valley promotes quantum science and quantum 
 technologies in Bavaria and offers various research positions, especially 
 in connection to quantum computing.

Newport Spectra-Physics GmbH  Tent A 44
 Guerickeweg 7, 64291 Darmstadt 
 MKS Instruments | Newport Spectra-Physics Ophir

NKT Photonics Technology GmbH Bldg. D9-D13 Tent A 34
 Schanzenstraße 39, 51063 Köln 
 Ultra-schmalbandige Faserlaser, Superkontinuum, SuperK, 
 Weisslichtquelle, Laserdiodenmodule

PASQAL SAS  Tent A 37
 102 Avenue de Paris, 91300 Massy (France)
PASQAL builds neutral atoms Quantum Processing Units, striving to bring 
practical quantum advantage to customers to address real-world problems.

Photonscore GmbH  Tent C 09
 Brenneckestraße 20, 39118 Magdeburg 
High-Throughput and Spatially-Resolving Single-Photon-Counting Solutions, T
ime-Taggers, Microchannel Plate (MCP)-Based High-Throughput Detectors, 
and Fluorescence Lifetime Imaging (FLIM) Cameras

Qioptiq Photonics GmbH & Co. KG  Tent A 43
 Königsallee 23, 37081 Göttingen 
 Präzisionsoptik und Mechanik, Faseroptik, Aufbausysteme, Optische Tische

Quantum Design GmbH  Tent A 36
 Breitwieserweg 9, 64319 Pfungstadt 
 Magnetometer, supral. Magnetsysteme, Elektronik-Komp., CCD-, ICCD-,
 EMCCD-Detektoren, Spektrographen

Radiant Dyes Laser Acc. GmbH  Tent A 39
 Friedrichstraße 58, 42929 Wermelskirchen 
 Dye Laser cw & gepulst, Ti:Sa Laser cw & gepulst, Excimer Laser, 
 Optomechanik, Laserzubehör

Radiantis  Tent C 01
 Calle Esteve Terradas 1, RDIT, 08860 Castelldefels (Spain)
Radiantis manufactures fully-automated broadly tunable lasers (optical 
parametric oscillators - OPOs) from the UV to the mid-IR and within the 
femtosecond, picosecond, and continuous wave (CW) regime.

SAES Getters S.p.A.  Tent C 02
 Viale Italia, 77, 20020 Lainate, Milan (Italy)
 UHV NEG-Pumpen, Alkalimetall-Dispenser, Hochvakuumpumpen, Getter

Schäfter + Kirchhoff GmbH Optics, Metrology and Photonics Tent C 05
 Kieler Straße 212, 22525 Hamburg 
Polarization-maintaning fiber optic components including laser beam 
coupler, fiber collimators, fiber cables, polarization analyzers and fiber port
clusters

255



SI Scientific Instruments GmbH  Tent C 17
 Römerstraße 67, 82205 Gilching 
 Spektrometer, Lock-In Verstärker

Single Quantum B.V.  Tent C 14
 Delfgauwseweg 271, 2628ER Delft (The Netherlands)
Single Quantum develops superconducting nanowires single photon detectors. 
The combination of unparalleled detection efficiency and time resolution make 
them the ideal choice for quantum cryptography, LiDar, bio-imaging, infrared 
spectroscopy, deep-space communication and quantum information

Sirah Lasertechnik GmbH  Tent C 19
 Heinrich-Hertz-Straße 11, 41516 Grevenbroich 
 Abstimmbare schmalbandige Laser

SOLITON Laser- und Meßtechnik GmbH Tent C 10
 Talhofstraße 32, 82205 Gilching 
 Laserkühlung, MOTs Magneto Optical Traps für kalte Atome, optische 
 Messtechnik, Laserzubehör

Springer-Verlag GmbH  Tent C 08
 Tiergartenstraße 17, 69121 Heidelberg 
 Wissenschaftliche Bücher und Zeitschriften

Stable Laser Systems Inc.  Tent A 32
 4946 63rd St,  Boulder, CO 80301 (USA)
 Stable Laser Systems is the premier supplier of frequency stabilized laser 
 systems and hardware for research, quantum information, and timing.

Swabian Instruments GmbH  Tent B 23
 Stammheimer Straße 41, 70435 Stuttgart 
 Time Tagger Series, Pulse Streamer 8/2

TEM Messtechnik GmbH  Tent C 12
 Großer Hillen 38, 30559 Hannover 
 Laserelektronik, Messtechnik, Entwicklung

THORLABS GmbH  Tent A 27
 Münchner Weg 1, 85232 Bergkirchen 
 Optische & optomechanische Komponenten, Test & Measurement 
 Systeme, optische Tische und Vibrationskontrolle, Nanopositionierungen, 
 Lichtquellen sowie Imaging, Mikroskopie und Life Science Komponenten

TOPTICA Photonics AG  Tent B 20
 Lochhamer Schlag 19, 82166 Gräfelfing / München 
 Diode Lasers, Ultrafast Fiber Lasers, THz Systems, Frequency Combs, Laser 
 Rack Systems

Zurich Instruments Germany GmbH  Tent B 26
 Mühldorfstraße 15, 81671 München 
 Test and Measurement Equipment 
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Der Übergang von der Hochschule in die berufliche Karriere fällt vielen nicht leicht:  
Die Möglichkeiten und Aufgabengebiete sind vielfältig - und wer kennt schon nach 
Studium oder Promotion die verschiedenen  Anforderungen und Arbeitsabläufe?
Das Seminar bietet durch Erfahrungsberichte etablierter Physiker:innen sowie jun-
ger Berufsanfänger:innen Orientierung. Die 15 Vortragenden repräsentieren ganz 
verschiedene Arbeitsgebiete und zeigen damit das breite Einsatzspektrum von  
Physikerinnen und Physikern.
Neben den Vorträgen bietet der gemütliche Lichtenbergkeller des Physikzentrums 
Bad Honnef ein ideales Forum, mit den Vortragenden am Abend in kleiner Runde 
offen zu diskutieren und Erfahrungen zu sammeln. 
Zielgruppe:   
Physikstudierende ab Bachelor bis zur Promotion. Max. 80 Personen.

3. bis 5. Mai 2024
Physikzentrum Bad Honnef

Weitere Infos und Anmeldung: www.pib.dpg-physik.de

63. Wochenendseminar 
 „Physiker:innen im Beruf“


