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Castelldefels, June 2023
Welcome to YAO2023 in Castelldefels, Barcelona!

The YAO conference is a well-established annual international meeting. It has
been organized by students since 1995 in many different scientific institutions
around Europe. It is the largest student conference in the field of atomic and
molecular optics. The main goal of the YAO conference is to strengthen scientific
exchange among young students in the field in order to create a strong international
community. It aims to offer an optimal platform for participants to obtain a broad
overview of the state-of-the-art research, to expand their network and establish
new contacts around the world and, for many, it is also the first opportunity to
show their own results and discuss them among peers.

This year YAO takes place at the Institute of Photonic Sciences (ICFO) for its
28th edition, from the 11th to the 16th of June. As the organizer’s of this YAO
edition, it is our pleasure to welcome you and wish for you a fulfilling experience!
With kind regards,

YAOQO Organizing Committee

Contact Organising Committee E| E
= E-mail: yao2023Qicfo.eu .ﬁ.'
= Website: www.ya02023.icfo.eu/ 3 .
Committee Members: E

Natalia Alves, Javier Argiiello Luengo, Sven Bodenstedt,
Sandra Buob, Daniel Goncalvez Romeu, Lukas Heller,
Jonatan Héschele, Tomas Lamich, Jan Lowinski, Laura Zarraoa Sardén

Conference Venue and Hotel

The conference will take place at ICFO: The accommodation has been arranged
at the Hotel SB BCN Events.
ICFO, The Institute of Photonic Sciences

Mediterranean Technology Park, Ronda de Can Rabada, 22-24
Av. Carl Friedrich Gauss, 3, 08860 08860 Castelldefels
Castelldefels, Barcelona Barcelona — SPAIN

Bed and breakfast are included from Sun-
Registration is open from 09:00h every- day night until Friday morning. Check-in
day at ICFO's front desk. is Sunday after 15:00h and check-out is
Friday before 12:00h.


https://yao2023.icfo.eu/

Moving around (see map)

We recommend buying a T-casual transport card (1 zone). It includes 10 in-
termodal journeys, with 75 minutes between the first and last validation when
changing lines or mode of transport. It is valid for one person only, it cannot be
shared. It is only valid to reach the airport by bus or train, but not metro. It can
be bought at ticket offices and vendor machines, bus drivers do not sell it.

Hotel-ICFO:
From the hotel there is a 10 minutes walk to ICFO or 1 stop by bus E95 or L95.
Airport-Hotel:

Train: From terminal T2 you can take the train to El Prat de Llobregat (one stop)
and from there take the train R2 to Castelldefels (direction Vilanova | la Geltri or
Castelldefels).

Bus: There is a direct bus L99 to Castelldefels from terminal T1, tickets can
be bought from the driver (only cash). You can also take the bus 46 (direction
Barcelona) to Hospital de Bellvitge and from there take the E95 or L95 (direction
Castelldefels).

Taxi: A taxi from the airport to ICFO is around 25€.
Castelldefels-Barcelona:

Train: the R2 train line connects Barcelona and Castelldefels with 4 to 6 trains
an hour frequency. There's a 25 to 45-minute travel time to Barcelona's central
stations: Sants, Passeig de Gracia and Estacio de Francia.

Bus: the lines L95 and E95 (does not run on Sundays) are the most convenient
to get to Barcelona. L95 takes around 60 minutes to Plaza Espanya, whereas the
E95 (Express) takes around 40 minutes.

At night: The last train from Barcelona to Castelldefels leaves Estacio de Francia
at 23:49, and Sants at 00:04. There are two night buses from Plaza Espanya
(Barcelona) to Castelldefels. The N16 is the fastest one (around 60-minute travel
time) or the N14 (around 90-minute travel time).



Around Castelldefels:

Both the hotel and ICFO are in the town of Castelldefels, which is mainly known
for its beaches. From the hotel to the beach, it takes around 25 minutes by foot
or three stops by bus L95 (direction Barcelona).

The beach which is closest to ICFO (and the hotel) has only small seaside restau-
rants. For more varied offers, or supermarkets, we recommend going to the city
center where you can also find the train station. For this you can take a 15-minute
stroll or take the E95 or L95 bus (direction Castelldefels).

Following the beach into southern direction, you will eventually reach another
zone with restaurants and bars. This area is around 4km away from the hotel, but
it is close to the train station “Catelldefels Platja” and it can be reached also by
bus combining L95/E95 with the L97 or by taking the CF2 bus.






Social Activities

We prepared for you a range of non-scientific activities whose sole purpose is to
make you socialize beyond scientific context. Some people call it networking, but
we think of it more as just having a fun time.

Beach Activities (Sunday and Monday): After you arrive in Castelldefels on
Sunday afternoon, do not waste your time and hit the beach! We will bring some
volleyballs and frisbees, and possibly some beers (we need to check the budget,
though). We will chill there from 4 PM until the dinner time, which is 8-9 PM
here. Don't forget your swimsuit and sunglasses! On Monday, after the poster
session we will gather in front of ICFO in the picnic area to have some beers
(totally illegal at the campus, so don't bother the guards too much). Later we
will move to the beach to chill and maybe play some volleyball.

Pub quiz (Monday): On Monday, after lunch, to fight your food coma we will
have a short kinda pub quiz. You will be at random assigned to small groups and
answer some random questions (mostly about Spain and Catalunya, no physics,
sorry). The winners will be awarded at the social dinner!

Conference Dinner (Thursday): We think we have got you quite a nice place
for the social dinner. The restaurant is Oleum and is in MNAC (Museu Nacional
d'Art de Catalunya), so reserve some time to get there, as you will have to climb
some stairs. We will start gathering at 19:30 for an aperitivo and the food will
be served at 8 PM. As the name suggests, the place is a museum, a pretty good
one, especially if someone is interested in Catalan or Spanish art (there are great
galleries on modernismo and gothic art). In principle we are not supposed to
wander around the museum before getting to the restaurant, but you know. So,
if you show up a bit earlier, you can hope to nourish your soul before your body
(but no promises that it will work ;D, otherwise the entry ticket is 12 euro. If you
stay longer after the conference, the museum is free on Saturdays from 3 PM).

Afterparty (Thursday, TBC): After the dinner, which should finish before 10
PM, we will take to some local place for a beer. Later, for those interested, we
will aim for a proper party place. We will let you know the details later.
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Conference Schedule

Monday, 12 June

9:00
9:15
9:30

10:30

11:00
11:30

10

Arrival, Conference Venue: ICFO, Avinguda Carl Friedrich Gauss, 3
Opening, ICFO Auditorium

Invited Speaker:

Many-body physics in dipolar quantum gases

Francesca Ferlaino, IQOQI, Innsbruck

Session - Fermi-Mixtures

Strongly intacting Fermi-Fermi Mixture of 161Dy and 40K: Study
of DyK Feshbach molecules

Alberto Canali, Universitat Innsbruck, Institut fiir Experimentalphysik
Resonantly interacting 6Li-53Cr Fermi mixture and production of

LiCr Feshbach molecules
Stefano Finelli, Universita di Firenze

Coffee Break

Session - BEC |

Optimal control of a Bose-Einstein condensate in an optical lattice
Floriane Arrouas, LCAR

Superfluid fraction in an interacting spatially modulated
Bose-Einstein condensate
Franco Rabec, LKB, College de France

Self-bound crystals of antiparallel dipolar mixtures
Maria Arazo, Universitat de Barcelona

Radio-frequency dressing Bose-Einstein condensates for
investigating quantum phase

Natasha Bierrum, University of Sussex

Probing the Li-Haldane conjecture with a synthetic Quantum Hall
Ribbon

Quentin Redon, Laboratoire Kastler Brossel



13:00
14:30
15:00

16:00

16:45

Collective behaviour in Rabi-coupled two component Bose-Einstein
condensates

Roy Eid, Institut optique graduate school, Laboratoire Charles Fabry, groupe gaz
quantique

Lunch Break at UPC Cafeteria

Pub Quiz

Invited Speaker:

Microfabricated hot-vapor magnetometers

Svenja Knappe, University of Colorado Boulder
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Session - Hot Vapors

K-3He Comagnetometer as an Advanced Sensor for the Global
Network of Optical Magnetomters for Exotic Physics Searches
(GNOME)

Grzegorz tukasiewicz, Jagiellonian University, Krakéw, Poland

Detection of quantum (Fano) interference in a hot vapor atomic gas
Ludovica Donati, European Laboratory for Non-linear Spectroscopy (LENS),
Universita degli Studi di Firenze

Quantum thermometry using topological fermionic chains
Anubhav Srivastava, Institute of Photonic Sciences - ICFO

Poster Session |

Tuesday, 13 June

9:30

10:30

11:00

Invited Speaker:
Coherence of light from ensembles of many independent atoms
Lukas Slodi¢ka, Palacky University Olomouc

Session - lons

Individual qubit addressing in chains of 137Ba+ ions using
laser-written waveguides
Andrés Vazquez-Brennan, University of Oxford

Focussing of microwave-driven gate interactions for trapped ions
Molly Smith, University of Oxford

Coffee break

11
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11:30

13:00
14:30

12

Session - Metrology

Isotope shifts of the 1P1 < 1S0 and 3P1 < 1S0 lines in atomic
cadmium

Eduardo Padilla, Fritz-Haber-Institute der Max-Planck-Gesellschaft

The Design of the BECCAL Laser System for Cold Atom
Experiments Onboard the ISS
Hamish Beck, HU Berlin

How much time does a resonant photon spend as an atomic
excitation before being transmitted?
Kyle Thompson, University of Toronto

Accuracy of a commercial cold-atom microwave clock
Luc Archambault, Exail - SYRTE

Atom Interferometer Observatory and Network (AION) with
ultra-cold strontium
Mariame Karzazi, University of Cambridge

Laser cooling of barium monofluoride molecules
Tatsam Garg, 5. Physikalisches Institut, IQST, University of Stuttgart

Lunch Break at UPC Cafeteria

Session - BEC Il

Relative dynamics of quantum vortices and massive cores in binary
BECs

Alice Bellettini, Department of Applied Science and Technology (DISAT)
Politecnico di Torino Italy

Observation of vortices in dipolar quantum gasses of dysprosium
Clemens Ulm, Institute for Quantum Optics and Quantum Information, Austrian
Academy of Sciences A-6020 Innsbruck, Austria

Universality of the superfluid Kelvin-Helmholtz instability by
single-vortex tracking
Diego Hernandez Rajkov, LENS

A Digital Micromirror Device setup for enhanced control of a
two-dimensional Bose-Einstein condensate
Marcel Kern, Heidelberg University

Dipolar Quantum Solids in an Erbium Quantum Gas Microscope
Michal Szurek, Harvard University

Mixtures of Superfluid Bose and Fermi Gases
Piotr Wysocki, Warsaw University of Technology



16:00
16:30

Wednesday, 14 June

Industry Partner: PASQAL Company introduction & current research

Poster Session Il

9:30

10:30

11:00
11:30

13:00

Invited Speaker:
Quantum simulation with ultracold gases in optical lattices
Juliette Simonet, The Hamburg Centre for Ultrafast Imaging (CUI), University
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of Hamburg
Session - Quantum Simulation |

FermiQP - A Fermion Quantum Processor
Er Zu, Max-Planck-Institut of Quantum Optics Hans-Kopfermann Street 1,
85748 Garching, Germany

Spin squeezing via XXZ dipolar interactions in an optical lattice
quantum gas microscope
Vassilios Kaxiras, Harvard University

Coffee Break
Session - Atom Interferometry

Stern-Gerlach Interferometry with the Atom Chip
Barak Trok, The Atom Chip Group at Ben-Gurion University, Be'er Sheva,
84105, Israel

Development of a compact cold atom gyroscope
Clément Salducci, ONERA

Frequency Comb atom interferometer
Clément Debavelaere, Laboratoire Kastler Brossel

High precision Atom Interferometer GAIN
Hrudya Thaivalappil Sunilkumar, Humboldt-Universitat zu Berlin

Ultra high sensitivity quantum gravi-gradiometer
Joel Gomes Baptista, Observatoire de Paris

A hybrid cold atom accelerometer for space geodesy missions
Noémie Marquet, ONERA

Lunch Break at UPC Cafeteria

13
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14:30
15:00

16:00
16:30

Non-scientific Talk: TALK TITLE
Session - BEC Il

Experimental investigation of false vacuum decay in a
ferromagnetic superfluid

Chiara Rogora, Pitaevskii BEC Center, CNR INO and Dipartimento di Fisica,
Universita di Trento

Einstein-Podolsky-Rosen experiment in split Spin-Squeezed Bose
Einstein Condensates.
Lex Edgar Joosten, University of Basel

Preparation for the Integration of the BECCAL Laser System
Marc Kitzmann, HU Berlin

Towards a strontium quantum gas microscope
Jonathan Héschele, Institute of Photonic Sciences - ICFO

Industry Partner: Thorlabs Company introduction & current research

Poster Session 11l

Thursday, 15 June

9:30

10:30

11:15

14

Invited Speaker:
Exploring quantum spin models with Rydberg atom arrays
Daniel Barredo, Institut d'Optique-CNRS & CINN-CSIC

Session - Quantum Simulation Il

Setup of an atom array with cavity-mediated interactions
Johannes Schabbauer, TU Wien

Towards quantum simulation in an optical kagome lattice with
single-site resolved imaging

Tobias Marozsak, Cavendish Laboratory, University of Cambridge
Quantum Gas Magnifier for Ultracold Atoms in an Optical

Quasicrystal
Zhuoxian Ou, University of Cambridge, Department of Physics

Coffee Break



11:45

Session - Rydberg Atoms

New method to probe a quantum phase transition in different spin
Hamiltonians
Eduard Jirgen Braun, University of Heidelberg

Scalable Qubit Arrays for Quantum Computation And Simulation
Elliot Diamond-Hitchcock, University of Strathclyde

Trapping atoms in a cryogenic environment : enhancing scalability
in quantum systems
Grégoire Pichard, PASQAL/LCF (Paris Saclay University)

i)
=
o
1)
<
[S]
wn

Engineering gauge theories with a Rydberg atom processor
Julia Bergmann, ICFO / UAB

Characterizing Operator Growth in Disordered Quantum Spin
Chains via Out-of-Time-Ordered Correlators
Maximilian Miillenbach, CESQ, Université de Strasbourg

Microwave-to-optical conversion based on room-temperature
Rydberg atomic ensemble
Sebastian Boréwka, University of Warsaw

13:15 Lunch Break at UPC Cafeteria

14:45 Lab Tours

20:00 Conference Dinner Reception from 19:30 onwards
Friday, 16 June

9:30 Invited Speaker:

The maximum refractive index of optical materials: from quantum
optics to quantum chemistry
Darrick Chang, ICFO, Barcelona

15
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10:30

11:15
11:45

13:15

16

Session - Atom-Light interaction

Observation of superradiant bursts in waveguide QED
Constanze Bach, Humboldt University of Berlin

Analysing nonlinearity of atomic arrays using a Green’s function
approach to time evolution

Simon Panyella Pedersen, Department of Physics and Astronomy, Aarhus
University, Denmark

Effect of an optical dipole trap on resonant atom-light interactions
Teresa Karanikolaou, ICFO

Coffee Break
Session - Quantum Information

Kinetic energy distribution of the rescattering electrons from
asymmetric w/2w pulses

Athanasios Athanasopoulos, Institute for Electronic Structure and Lasers (IESL)
Foundation for Research & Technology (FORTH) Heraklion, Greece

Using single atoms in optical cavities as efficient source for
multiphoton graph states generation
Leonardo Ruscio, Max Plank Institut of Quantum Optics

A quantum frequency converter for the connection of rubidium
atoms in a cavity over long distances
Maya Biiki, Max-Planck-Institute for Quantumoptics

Entanglement Distribution - Towards a Suburban Quantum
Network Link

Pooja Malik, Ludwig-Maximilians-University, Munich, Germany and Munich
Center for Quantum Science and Technology (MCQST), Munich, Germany

Cavity-mediated interactions between pair of atoms and generation
of entangled states of bosons in an optical cavity

SANKALP SHARMA, Institute of Physics, Faculty of Physics, Astronomy and
Informatics, Nicolaus Copernicus University, ul. Grudziadzka 5, 87-100 Torun,
Poland

Optical spectrum to position converter for spectro-temporal
processing based on quantum memory

Stanistaw Kurzyna, Centre for Quantum Optical Technologies, Centre of New
Technologies, University of Warsaw, Banacha 2c, 02-097 Warsaw, Poland

Closing remarks



Talks

The following chapter contains all the invited and contributed talks.

Links linking back either to the Table fo Content or to the long abstracts are
provided in red.
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Invited Speaker: Francesca Ferlaino

Back To Table of Content
Many-body physics in dipolar quantum gases

Francesca Ferlaino - University of Innsbruck and Institute for Quantum Optics
and Quantum Information (IQOQI), Austria

Brought to quantum degeneracy, ultracold gases enable the study of many-body
quantum phenomena, in which the interaction between atoms can be so carefully
mastered as to determine the very state of matter. Typically, this interaction has a
short-range and isotropic nature, the latter meaning that the atoms globally attract
or repel each other. However, there is another possibility that naturally emerges
for some specific atomic species, such as erbium and dysprosium, featuring an
extraordinarily large magnetic dipole moment. Magnetic properties give rise to
dipolar many-body interactions, qualitatively very different from others in that it
is long-range and anisotropic, thus adding connectivity and directionality at the
quantum level.

In the present talk | will retrace the fundamental steps in the study of dipolar
gases, with emphasis on the Innsbruck results, from their creation to the new
phenomena unveiled such as the emergence of rotonic excitations, so named by
Landau, to the observation of a new and paradoxical state of matter with multiple
spontaneous symmetry breaking, known as supersolid.

Francesca Ferlaino is Full Professor at the University of Inns-
bruck and Scientific Director at the Institute for Quantum
Optics and Quantum Information (IQOQI) of the Austrian
Academy of Science (OAW). She studied physics at the Uni-
versity of Federico Il. Her PhD at the University of Florence
and at the European Laboratory for Non-linear Spectroscopy
(LENS) in Florence was under the supervision of Prof. M.
Inguscio. There she was involved in the first realization of
quantum gases mixture of different alkali atomic species. In
2009, thanks to a START-Prize (FWF) and an ERC Starting
Grant, Francesca could establish her independent research
group, the Dipolar Quantum Gas Group and started the
so-called “ERBIUM" experiment, realizing the world-first
Bose-Einstein condensate of Er in 2012. Now she has several labs in her group as well as
a theory division. Her research is focused on ultracold strongly magnetic Lanthanides for
realizing dipolar quantum matter.

18



Talks: Fermi-Mixtures
Back To Table of Content

Strongly intacting Fermi-Fermi Mixture of 161Dy and 40K: Study of
DyK Feshbach molecules 10:30
Alberto Canali, Universitat Innsbruck, Institut fiir Experimentalphysik

We reports on the preparation of an optically trapped ultracold sample

of bosonic DyK Feshbach molecules, of fermionic isotopes of Dy and K.

Using a magnetic sweep across a resonance located near 7.3 G, up to 5000
molecules were produced at a temperature of about 50 nK, corresponding to
a phase-space density of 0.13. The study reveals a lifetime limitation caused
by the infrared trap light; we were able suppress losses by replacing the
1064-nm laser originally used with a laser operating further in the infrared
(near 1550 nm), reaching lifetimes of about about 100 ms

Degenerate Fermi gases, Cold atoms

Resonantly interacting 6Li-53Cr Fermi mixture and production of LiCr
Feshbach molecules 10:45
Stefano Finelli, Universita di Firenze

Mixtures of two different species of fermionic atoms open qualitatively new
opportunities in the realm of ultracold Fermi gases, enabling access to a
plethora of few- and many-body regimes unattainable with mass-symmetric
systems. In our lab we produce the first chromium-lithium fermionic mixture
worldwide. Tuning of the interspecies interaction by means of Feshbach
resonances allows us to investigate elusive few-particle cluster states, as well
as exotic superfluid and magnetic many-body regimes of highly-correlated
fermionic matter.

Molecules, Degenerate Fermi gases, Exotic phases of matter

19



Talks: BEC

Back To Table of Content

Optimal control of a Bose-Einstein condensate in an optical lattice 11:30
Floriane Arrouas, LCAR

Cold atoms offer a high degree of control, but it can be improved using
optimal control theory (OCT). In our Bose Einstein Condensates system,
we use OCT to determine the required phase modulation of a 1D-optical
lattice to prepare a target quantum state. The talk will present our results
in reaching various states in the phase-space and characterizing their high
fidelity and purity.

Lattices, Bose-Einstein condensates, Cold atoms

Superfluid fraction in an interacting spatially modulated Bose-Einstein
condensate 11:45
Franco Rabec, LKB, Collége de France

At zero temperature, a Galilean-invariant Bose fluid is expected to be fully
superfluid. We investigate the quenching of the superfluid density of a di-
lute Bose-Einstein condensate due to the breaking of translational (and thus
Galilean) invariance by an external 1D periodic potential.

Quantum gases in low dimensions, Many-body physics, Bose-Einstein con-
densates

Self-bound crystals of antiparallel dipolar mixtures 12:00
Maria Arazo, Universitat de Barcelona

We show that a mixture of two antiparallel dipolar condensates allows for the
creation of self-bound crystals which are maintained by the mutual dipolar
attraction between the components, with no need of transversal confinement.
This opens intriguing novel possibilities, including three-dimensionally self-
bound droplet-ring structures, stripe/labyrinthic patterns, and self-bound
crystals of droplets surrounded by an interstitial superfluid.

Cold atoms, Bose-Einstein condensates, Dipolar quantum gases
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Radio-frequency dressing Bose-Einstein condensates for investigating
quantum phase 12:15
Natasha Bierrum, University of Sussex

Adiabatic radio-frequency dressing creates a double well potential which is
used for investigating relative phase of atomic ensembles. We will extend
to multiple radio-frequency dressing for creating three or more wells at
once for more extensive research into the quantum phase of Bose-Einstein
condensates.

Atom-light interaction, Bose-Einstein condensates, Atom and matter-wave
optics and interferometers

Probing the Li-Haldane conjecture with a synthetic Quantum Hall
Ribbon 12:30
Quentin REDON, Laboratoire Kastler Brossel

Entanglement spectrum as a generalization of the entanglement entropy
turns out to be a powerful tool to detect the underlying topology of a given
state. This work implements a variational learning of the entanglement
Hamiltonian of a synthetic quantum quantum Hall Ribbon starting from the
Bisognano-Wichmann (BW) prescription. We then experimentally validate
the BW ansatz and demonstrate the Li and Haldane correspondence.

Cold atoms, Synthetic gauge fields, Quantum simulation

Collective behaviour in Rabi-coupled two component Bose-Einstein
condensates 12:45
Roy Eid, Institut optique graduate school, Laboratoire Charles Fabry, groupe
gaz quantique

Mixtures of two components coupled Bose-Einstein condensate will be
specifically addressed. First, large attractive effective three-body interactions
can be engineered with striking consequences . Second, the beyond-mean
field energy is precisely measured and is shown to be modified as compared
to the uncoupled case .

Cold atoms, Many-body physics, Bose-Einstein condensates

21



Invited Speaker:

Back To Table of Content

Svenja Knappe

Microfabricated hot-vapor magnetometers

Svenja K

nappe - University of Colorado, Boulder

The field of Quantum Engineering has grow rapidly in the last decade in an effort to

translate Quantum Sensors
sensors are at the forefront

from the lab to real-world applications. Hot-vapor based
of this effort and have been translated successfully from

academia into industry. They are now used in a variety of systems. The technologies
developed for hot-vapor sensors and devices can serve as a stepping stone for many
other quantum sensors to come. | will discuss our efforts in micro-fabricated hot-
vapor magnetometers for a variety of applications ranging from brain imaging to space

applications.

22

Svenja Knappe received her Ph.D. in physics from
the University of Bonn, Germany. For 16 years,
she worked at the National Institute of Standards
and Technology (NIST) in Boulder CO, developing
chip-scale atomic sensors. She is now an Asso-
ciate Research Professor at the University of Col-
orado Boulder, and her research interests include mi-
crofabricated atomic magnetometers. In 2018, she
founded FieldLine to commercialize a non-invasive
functional brain imaging system based on quantum
magnetometers. As the CTO of FieldLine Medi-
cal, she is aiming to expand the boundaries of this
powerful imaging technology through quantum sens-
ing.



Talks: Hot Vapors

Back To Table of Content

K-3He Comagnetometer as an Advanced Sensor for the Global Network
of Optical Magnetomters for Exotic Physics Searches (GNOME) 16:00
Grzegorz tukasiewicz, Jagiellonian University, Krakéw, Poland

We present the capabilities of a K-3He comagnetometer as a new sensor for
the dark matter searches in the GNOME experiment. Principles of sensor
operation and possible data analysis methods will be discussed.

Fundamental constants, Hot vapors

Detection of quantum (Fano) interference in a hot vapor atomic gas

16:15
Ludovica Donati, European Laboratory for Non-linear Spectroscopy (LENS),
Universita degli Studi di Firenze

Noisy-induced coherence via quantum interference can in principle enhance
the performances of quantum heat engines, photovoltaic devices and pho-
todetectors. We set an experiment for the detection of Fano coherences in
a V-type three level system, realized in the hyperfine structure of hot Rb
atoms, driven by a non-coherent source. This is expected to provide the first
observation and new insight about quantum coherence terms originated by
non-coherent excitation in a three-level atomic system.

Atom-light interaction, Quantum optics, Hot vapors

Quantum thermometry using topological fermionic chains 16:30
Anubhav Srivastava, Institute of Photonic Sciences - ICFO

With the advent of quantum technologies, there is a dire need to accurately
measure the temperature of systems at regimes where quantum effects are
dominant. This is challenging since there is no observable to measure the
temperature of a given quantum system directly. Thus, we need quantum
estimation theory to provide us with the lower bound for the temperature
accuracy of a quantum system via the Cramer-Rao bound, which is inversely
proportional to the square root of Quantum Fisher Information (QFI) for a
general thermal state.

keywords
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Coherence of light from ensembles of many
independent atoms

Lukas Slodi¢ka - Department of Optics, Palacky University
17. listopadu 12, 771 46 Olomouc, Czech Republic

Cold ensembles of atomic ions in Paul traps provide a unique testbed for a rich variety
of quantum optics phenomena. The feasibility of precise and deterministic control of
their external-motional and internal-electronic quantum states directly manifests in many
successful applications requiring nonlinear interactions and scalability to a large number
of particles. We will show how the free-space optical emission from ion crystals containing
a large number of independent single-photon emitters provides different paradigmatic
regimes of quantum statistics of light including extremely pure single photon emission or
the largest discreet photonic nonclassical states [1]. We will present the experimental
evidence of a single-mode coherent light scattering from many ions [2,3], which provide
all necessary ingredients for photonic generation of atomic entanglement or directional
control of nonclassical light emission from ions [4]. We will discuss prospects of the unique
experimental feasibility of engineering direct coupling between the emitted nonclassical
light and the mechanical motion of ions in the quantum domain.

1. P. Obsil et al., Phys. Rev. Lett. 120, 253602 (2018).

2. P. Obsil et al., New J. Phys. 21 093039 (2019).

3. A. Kovalenko et al, Optica 120, 193603 (2023).

4. G. Araneda et al., Phys. Rev. Lett. 120, 193603 (2018).

Lukas studied at Palacky University Olomouc for his Mas-
ter's degree after which he moved on to Prof. Rainer Blatt's
group in Innsbruck where he worked on interaction between
an ion and a light field. There he wrote and successfully
defended a thesis titled Single ion-single photon interactions
in free space. During his later years, he worked on various
post-docs in the trapped ions field before becoming a staff
scientist at Palacky University Olomouc where he works
now. His current research topics include quantum light
generation from trapped ions and warm vapours.
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Individual qubit addressing in chains of 137Ba+ ions using laser-written
waveguides 10:30
Andrés Vazquez-Brennan, University of Oxford

We present a system for individual qubit addressing in registers of trapped
barium ions. We use a laser-cut waveguide array to output beams at 532 nm
whose separation matches that of the ions. Due to the atomic properties
of barium, light at this wavelength can drive Raman transitions between
hyperfine states in either the ground or metastable levels, enabling advanced
qubit manipulation schemes.

Quantum computing, Quantum information processing, lons

Focussing of microwave-driven gate interactions for trapped ions 10:45
Molly Smith, University of Oxford

Quantum logic gates using trapped-ions are often performed using lasers
but can also be driven by microwave fields, for which the technology is
cheaper and more reliable. However, due to the centimetre wavelength of
microwaves, they cannot be focussed to a small spot size making it difficult
to address an individual ion in a chain. We present a novel method to drive
a spin-dependent force only in a sub-ion-spacing region whilst suppressing
this force everywhere else.

Quantum computing, lons
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Isotope shifts of the 1P1 <« 1S0 and 3P1 <« 1SO0 lines in atomic
cadmium 11:30
Eduardo Padilla, Fritz-Haber-Institute der Max-Planck-Gesellschaft

We present isotope shift and hyperfine structure measurements of low-lying
singlet and triplet transitions in cadmium, by laser-induced fluorescence in a
buffer gas cooled atomic beam. To reach MHz accuracy, we investigated
thoroughly systematic uncertainties in the laser frequency measurement, and
for the singlet transition we use isotopically enriched samples and emission-
angle selective detection. Using a King-plot analysis, we extracted field and
mass shift parameters for the transition pair.

Cold atoms

The Design of the BECCAL Laser System for Cold Atom Experiments
Onboard the ISS 11:45
Hamish Beck, HU Berlin

The Bose-Einstein Condensate and Cold Atom Laboratory (BECCAL) is a
cold atom experiment designed for operation onboard the ISS. An overview
of the design and capabilities of the BECCAL laser system will be presented.

Atom-light interaction, Cold atoms, Bose-Einstein condensates

How much time does a resonant photon spend as an atomic excitation
before being transmitted? 12:00
Kyle Thompson, University of Toronto

When a photon traverses a cloud of 2-level atoms, the average time it spends
as an atomic excitation—as measured by weakly probing the atoms—is
equal to the spontaneous lifetime of the atoms times the probability of the
photon being scattered. A tempting inference from this is that an average
scattered photon spends one spontaneous lifetime as an atomic excitation,
while transmitted photons spend no time. However, using the weak-value
formalism, we show that the time a transmitted photon spends as an atomic
excitation is equal to the group delay, even when the group delay is negative.

Quantum optics, Cold atoms, Atom-light interaction
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Accuracy of a commercial cold-atom microwave clock 12:15
Luc Archambault, Exail - SYRTE

We present MuClock, a commercial compact microwave clock using isotropic
light cooling of rubidium atoms. MuClock is comparable to typical hydrogen
masers in terms of volume and short-term frequency stability, which is
3.2E-13 at 1 s. The long-term stability outperforms typical masers with a
fractional frequency stability of 1E-15 over more than one month, and we
are now aiming at establishing an overall accuracy below 5E-15.

Cold atoms, Atomic clocks, Quantum metrology and sensing

Atom Interferometer Observatory and Network (AION) with ultra-cold
strontium 12:30
Mariame Karzazi, University of Cambridge

| will be presenting our current advances in cooling and optical transport of
strontium atoms and its context in AION. AION is an atom interferometry
project in the UK looking to detect dark matter, gravitational waves and
explore other fundamental physics.

Atom and matter-wave optics and interferometers, Cold atoms, Quantum
metrology and sensing

Laser cooling of barium monofluoride molecules 12:45
Tatsam Garg, 5. Physikalisches Institut, IQST, University of Stuttgart

I will report on our progress towards laser cooling of barium monofluoride
molecules. Due to its high mass, resolved hyperfine structure in the excited
state and branching losses through intermediate states, this molecular species
is notoriously difficult to cool, but it shows high promise for various types of
precision measurement applications. | will discuss laser cooling strategies
for both the bosonic isotopologues, which are interesting for electron EDM
searches, and the more complex fermionic isotopologues, which are used for
parity violation experiments.

Molecules, Fundamental constants
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Relative dynamics of quantum vortices and massive cores in binary BECs

14:30
Alice Bellettini, Department of Applied Science and Technology (DISAT)
Politecnico di Torino Italy

We study vortices with massive cores in binary mixtures of Bose- Einstein
condensates. We extend a point-vortex model, introducing the coupling
between quantum vortices and core masses. This improves the description
of the vortex dynamics.

Bose-Einstein condensates, Quantum fluids, Cold atoms

Observation of vortices in dipolar quantum gasses of dysprosium 14:45
Clemens Ulm, Institute for Quantum Optics and Quantum Information,
Austrian Academy of Sciences A-6020 Innsbruck, Austria

Due to anisotropic interactions, ultra-cold dipolar gasses exhibit exotic states
such as supersolids, which are theorized to maintain phase coherence using a
superfluid background. Quantized vortices, a defining feature of superfluidity,
are an unambiguous probe of irrotational flow which can be used to prove
the existence of the superfluid background in the supersolid phase. Here we
study, both experimentally and theoretically, the creation of vortices in the
unmodulated BEC phase and our progress towards creating vortices in the
Dy-164 supersolids.

Dipolar quantum gases, Bose-Einstein condensates, Cold atoms

Universality of the superfluid Kelvin-Helmholtz instability by single-
vortex tracking 15:00
Diego Hernandez Rajkov, LENS

We report on the observed universal behavior of the Kelvin-Helmholtz in
strongly interacting Fermi gases across the BEC-BCS crossover. Extracting
the instability growth rates by tracking the position of individual vortices
we found that they follow universal scaling relations predicted by classical
hydrodynamics.

Out-of-equilibrium trapped gases, Quantum fluids, Degenerate Fermi gases
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A Digital Micromirror Device setup for enhanced control of a two-
dimensional Bose-Einstein condensate 15:15
Marcel Kern, Heidelberg University

| present my master's thesis project about a Digital Micromirror Device setup
for enhanced control of a two-dimensional Bose-Einstein condensate with
tunable interactions. For the configurable in-plane potential, a far-detuned
Digital Micromirror Device is already in use. The second, near-resonant
device will enable us to optimize the existing potential or manipulate the
Bose-Einstein condensate locally, for example to inject vortices.

Atom-light interaction, Quantum gases in low dimensions, Bose-Einstein
condensates

Dipolar Quantum Solids in an Erbium Quantum Gas Microscope 15:30
Michal Szurek, Harvard University

We present dipolar phases of the extended Bose-Hubbard model in a quantum
gas microscope of magnetic Erbium atoms. By adiabatically loading a
BEC into a small-spacing lattice, the long-range dipole-dipole interaction
dominates and we observe checkerboard, stripe, and diagonal dipolar phases.

Dipolar quantum gases, Exotic phases of matter, Many-body physics

Mixtures of Superfluid Bose and Fermi Gases 15:45
Piotr Wysocki, Warsaw University of Technology

In my work, | study superfluid quantum gases, as well as their mixtures.
Presently, | study Andreev-Bashkin effect in Bose-Fermi mixtures, mainly
through the investigation of topological defects such as quantized vortices.

Quantum gases in low dimensions, Bose-Einstein condensates, Cold atoms
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Quantum simulation with ultracold gases in optical
lattices

Juliette Simonet - The Hamburg Centre for Ultrafast Imaging (CUI), University of
Hamburg

Quantum gases in optical lattices have proven to be a powerful tool for the investigation of
various phenomena related to the field of many-body physics [1]. Increasingly sophisticated
preparation and probing schemes have further boosted quantum simulation in optical
lattices. A paradigm example of this advancement is the development of quantum gas
microscopes that allow probing Hubbard models with unprecedented accuracy [2].

In the past years, great effort has been spent to develop methods for tailoring new
properties so far lacking for quantum simulation of solid-state systems. In this context,
time-periodic driving, subsumed under Floquet engineering, constitutes a powerful tech-
nique [3]. We will discuss recent achievements in realizing new classes of Hamiltonians
including artificial gauge fields or topological band structures. A strong motivation for
developing these methods is the prospect to study the interplay between topology and
interactions in a system where both ingredients are fully tunable.

[1] Bloch, et al. Many-body physics with ultracold gases, Rev. Mod. Phys. 80, 885
(2008)

[2] Gross and Bakr, Quantum gas microscopy for single atom, Nat.Phys. 17, 1316 (2021)
[3] Weitenberg and Simonet, Tailoring quantum gases by Floquet engineering, Nat. Phys.
17, 1342 (2021)

Juliette Simonet is senior scientist in the group of Prof. Dr.
Klaus Sengstock at the University of Hamburg.

She studied physics at the Ecole Normale Supérieure in
Paris. Her doctoral research studies, conducted in the group
of Michele Leduc and Claude Cohen-Tannoudji, have been
centred on the experimental study of degenerated gases of
metastable Helium in optical traps.

She is principal investigator in the SFB925 which
addresses the topic of light induced dynamics and
control of correlated quantum systems. Further-
more, she is a young investigator in the clus-
ter of excellence CUIl: Advanced Imaging of Matter
(AIM).

30



Talks: Quantum Simulation 1
Back To Table of Content

FermiQP - A Fermion Quantum Processor 10:30
Er Zu, Max-Planck-Institut of Quantum Optics Hans-Kopfermann Street 1,
85748 Garching, Germany

FermiQP is a quantum processor based on ultracold fermionic lithium in
optical lattices.It can act as a quantum gas microscope featuring single
site resolution and spin-resolved detection.l will present my setup for a
high-stability, large-volume bow-tie lattice used for imaging and cooling.

Quantum simulation, Cold atoms, Lattices

Spin squeezing via XXZ dipolar interactions in an optical lattice quantum
gas microscope 10:45
Vassilios Kaxiras, Harvard University

We present a new method for preparing a metrologically useful spin squeezed
state in an optical lattice. We utilize a dipolar XXZ power-law interaction
between Erbium-167 atoms in one layer of a 3D optical lattice quantum gas
microscope.

Dipolar quantum gases, Many-body physics, Quantum metrology and sensing
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Stern-Gerlach Interferometry with the Atom Chip 11:30
Barak Trok, The Atom Chip Group at Ben-Gurion University, Be'er Sheva,
84105, Israel

We provide a review of our Stern-Gerlach (SG) experiments over the last
decade. We describe several novel configurations such as that giving rise
to the first SG spatial interference fringes, and the first full-loop SG in-
terferometer realization. Fundamental applications include the probing of
the foundations of quantum theory, gravity, and the interface of quantum
mechanics and gravity.

Bose-Einstein condensates, Atom and matter-wave optics and interferometers

Development of a compact cold atom gyroscope 11:45
Clément Salducci, ONERA

We present our first results of our work concerning a compact cold atom
gyroscope.

Quantum metrology and sensing, Cold atoms, Atom and matter-wave optics
and interferometers

Frequency Comb atom interferometer 12:00
Clément Debavelaere, Laboratoire Kastler Brossel

We demonstrate the uses of frequency comb to drive atom interferometry.
This technique, which we demonstrated in the visible spectrum on Rb atoms,
paves the way for extending light-pulse interferometry to other spectral
regions (deep-UV to X-UV) and therefore to new species.

Atom and matter-wave optics and interferometers, Cold atoms

High precision Atom Interferometer GAIN 12:15
Hrudya Thaivalappil Sunilkumar, Humboldt-Universitdt zu Berlin

The Gravimetric Atom Interferometer GAIN, is based on interfering ensembles
of laser cooled 87Rb atoms in a fountain setup using stimulated Raman
transitions. The rugged transportable design of the instrument enables
precise and accurate on-site gravity measurements. We will report the
improvements implemented into the apparatus.

Quantum metrology and sensing, Cold atoms, Atom and matter-wave optics
and interferometers
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Ultra high sensitivity quantum gravi-gradiometer 12:30
Joel Gomes Baptista, Observatoire de Paris

A cold atom gradiometer is a quantum sensor that measures the vertical
component of the gravitational acceleration and its gradient using atom
interferometry. Currently, we are working on the implementation of optimal
control transfer techniques to maximize the efficiency of the Bragg transitions
that allow us to realize the interferometer. This should allow us to increase
the sensitivity of our sensor in order to reach the state of the art.

Atom and matter-wave optics and interferometers, Cold atoms, Quantum
metrology and sensing

A hybrid cold atom accelerometer for space geodesy missions  12:45
Noémie Marquet, ONERA

Our ongoing work concerns the development of an hybridised electrostat-
ic/atomic accelerometer dedicated to space applications. Cold atom ac-
celerometers could improve current acceleration measurements because of
their very good stability. In particular, we studied the problematic of satellite's
rotation and its effect on the cold atom accelerometers.

Atom and matter-wave optics and interferometers, Quantum metrology and
sensing, Cold atoms
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10 measures to improve LGBTIQA+ reality in
STEM centres

Simén Perera - PRISMA

LGBTIQA+ individuals in STEM often face harassment, exclusion, and intimidation
based on their sexuality, gender identity, with trans, non-binary people, and women
being more affected than men. This occurs throughout their scientific careers, from
students to faculty and research positions, leading to compromised mental health and
even causing some to abandon their studies or careers. Studies have shown that diverse
environments yield better results. However, science and scientific outreach can also
misapply gender identity and biological sex to LGBTIQA+ individuals, promoting binary
thinking. PRISMA, a Spanish association, advocates for LGBTIQA+ people in STEM,
aiming to highlight diversity through building supportive communities, raising awareness
of their experiences, providing data and evidence against discrimination, and promoting
diversity practices in academia and industry. PRISMA envisions research centers as
beacons of justice, equity, and diversity, where everyone can work without fear of exclusion
or discrimination, regardless of their sexuality or identity. They believe in the importance
of diversity of perspectives in science to address contemporary challenges. To improve
the LGBTIQA+ reality in research centers and STEM spaces, PRISMA proposes 10 basic
measures supported by statistical data and provides an implementation guide, offering
ongoing collaboration with research centers for their implementation.

Simén Perera holds a Degree in Biotechnology and an MSc
in Biological Anthropology. He is the Business Development
Director at ProtoQSAR, a company specializing in computa-
tional chemistry, medicine design, structural bioinformatics,
and computational toxicology. With a Ph.D. from UPF,
his research focused on the Individuality Genomic labora-
tory at the Institute of Evolutionary Biology. Previously, he
worked as a Project Manager and Business Developer at
Anaxomics, an Associate Professor at UAB, and held roles
as the European Projects and Bioinformatics Coordinator
in Barcelona. Currently, Simén is the General Secretary of PRISMA "LGBTI+ Science,"
co-directs the scientific outreach event "BCNspiracy" and the exposition "Una Mirada
LGTBI+" (An LGTBI+ Look). He also serves on the boards of the Spanish Association
for Scientific Communication (AEC2) and the Biotechnology Communicators Association
(ComunicaBiotec), while being a member of various scientific outreach associations. Find
him on Twitter: @simonperera and Instagram: @simonper.
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Experimental investigation of false vacuum decay in a ferromagnetic
superfluid 15:00
Chiara Rogora, Pitaevskii BEC Center, CNR INO and Dipartimento di Fisica,
Universita di Trento

We use a ferromagnetic superfluid mixture of two different hyperfine states of
Sodium-23, coherently coupled to investigate the false vacuum decay process.
We observed bubble nucleation characterizing the event probability.

Bose-Einstein condensates, Quantum simulation

Einstein-Podolsky-Rosen experiment in split Spin-Squeezed Bose Ein-
stein Condensates. 15:15
Lex Edgar Joosten, University of Basel

In 1935 Einstein, Podolsky, and Rosen (EPR) conceived a Gedankenexperi-
ment, which challenged quantum mechanics by showing its incompatibility
with the classical principle of local realism. Although the EPR paradox has
been shown with individual particles, how far quantum behaviour extends
into the macroscopic world has so far remained untested. In our work we
demonstrate the EPR paradox between two mesoscopic systems, namely two
separated Bose-Einstein condensates each containing about 700 rubidium
atoms.

Quantum metrology and sensing, Quantum optics, Bose-Einstein condensates

Preparation for the Integration of the BECCAL Laser System  15:30
Marc Kitzmann, HU Berlin

In contrast to lab-based cold atom experiments, BECCAL (Bose-Einstein
Condensate and Cold Atom Laboratory) must be operable without interfer-
ence for three years on the ISS. To reach that goal and match the complexity
of this space-based system to the stringent size, weight, and power limita-
tions, we have to fulfill strict product assurance requirements for the laser
system including higher cleanliness facilities and ESD protection. In this
context, the planning and implementation of the specific lab setup and the
first essential integration tests, using mock-ups, will be presented.

Cold atoms, Bose-Einstein condensates
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Towards a strontium quantum gas microscope 15:45
Jonatan Héschele, Institute of Photonic Sciences - ICFO

We are building a quantum gas microscope for ultracold strontium atoms.
In my talk, | will explain the concept of a quantum gas microscope and
present the current state of our machine, including the cooling processes to
reach the quantum degenerate regime and a characterization of our optical
lattice. Furthermore, | will discuss the imaging scheme to achieve single-site
detection of the strontium atoms in the optical lattice.

keywords
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Exploring quantum spin models with Rydberg atom
arrays

Daniel Barredo - Institut d'Optique-CNRS & CINN-CSIC

Rydberg atoms in arrays of optical tweezers offer new perspectives for quantum simula-
tion, computation and metrology. In this talk, | will give an overview about this platform,
and describe our efforts to control Rydberg interactions to explore different types of
spin Hamiltonians. We will review recent results on the implementation of the 2D Ising
Hamiltonian [1] and the dipolar XY model with more than 100 spins to study quantum
magnetism [2]. We will illustrate how entanglement in the out-of-equilibrium dynamics
of these systems can be harnessed to generate scalable spin squeezing [3]. Finally, | will
show our first steps to scale up the atom numbers in our platform by using a cryogenic
environment [4].

[1] Scholl et al., Nature 595, 233 (2021).

[2] Chen et al., Nature 616, 691 (2023).

[3] Bornet et al., arXiv:2303.08053.

[3] Schymik et al., Phys. Rev. Applied 16, 034013 (2021).

Daniel Barredo completed his PhD in the Surface Science
laboratory at Universidad Auténoma de Madrid in 2009.
He then was awarded a Marie Curie Fellowship to work
with Rydberg atoms in thermal vapor cells in the group
of T. Pfau in Stuttgart. He continued his research in the
group of A. Browaeys at Institut d'Optique (Palaiseau),
where he contributed to the development of a new platform
for quantum simulation based on programmable arrays of
individual atoms trapped in optical tweezers and excited
to Rydberg states. This Rydberg quantum simulator can
now operate with full individual control over 200 qubits
and be reliably used to tackle real world open problems in
condensed-matter physics. Daniel moved to CINN (CSIC,
Spain) in 2021 with a Ramén y Cajal contract to continue his research in quantum
information science.

37



Talks: Quantum Simulation 2
Back To Table of Content

Setup of an atom array with cavity-mediated interactions 10:30
Johannes Schabbauer, TU Wien

We report on constructing a new platform for quantum simulation with
neutral atoms trapped in an array of optical tweezers with photon-mediated
interactions. Strong coupling of the single atoms to the photon field is
achieved with a fiber cavity. With this approach we aim to study many-body
physics and entanglement with programmable connectivity.

Tweezers, Cold atoms, Cavities

Towards quantum simulation in an optical kagome lattice with single-site
resolved imaging 10:45
Tobias Marozsak, Cavendish Laboratory, University of Cambridge

| will present our progress towards quantum simulation in an optical kagome
lattice and our recent work investigating the phase diagram of the bosonic
triangular lattice at both positive (unfrustrated) and negative absolute
temperatures (frustrated).

Cold atoms, Lattices, Quantum simulation

Quantum Gas Magnifier for Ultracold Atoms in an Optical Quasicrystal
11:00
Zhuoxian Ou, University of Cambridge, Department of Physics

Many-body localization (MBL) presents an unconventional regime where
quantum systems with strong disorder are unable to thermalize. In our
experiment, MBL can be characterized by measuring the transport of a %K
quantum gas in an optical quasi lattice with an external trapping potential.
On the basis of the current experimental apparatus, we aim to incorporate a
quantum gas magnifier (QGM) to achieve single-site resolved imaging.

Lattices, Quantum simulation, Many-body physics
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New method to probe a quantum phase transition in different spin
Hamiltonians 11:45
Eduard Jirgen Braun, University of Heidelberg

Closed quantum system governed by unitary dynamics can show a continuous
as a function of a nonthermal control parameter, like for example a magnetic
field. For many body spin Hamiltonians which show a phase transition from
a paramagnet to a different phase, we present a new method that relies only
on preparation and measurement of the magnetization in the paramagnetic
regime in order to characterize such a phase transition.

Many-body physics, Quantum simulation, Rydberg atoms

Scalable Qubit Arrays for Quantum Computation And Simulation 12:00
Elliot Diamond-Hitchcock, University of Strathclyde

We present progress towards developing a large scale quantum processor
through the SQuAre (Scalable Qubit ARray) project. We demonstrate
highfidelity single-qubit gate operations which achieves the threshold for
fault-tolerant scaling. Further results pave the way to two qubit and multi-
qubit gate operations using two-photon adiabatic rapid passage.

Quantum information processing, Rydberg atoms, Quantum computing

Trapping atoms in a cryogenic environment : enhancing scalability in
quantum systems 12:15
Grégoire Pichard, PASQAL/LCF (Paris Saclay University)

Optical tweezer arrays show promise for quantum simulation, but scalability
remains a challenge. Our innovative 4K cryogenic approach greatly extends
the vacuum-limited lifetime, enabling the construction of arrays of more than
300 atoms. This breakthrough paves the way for more advanced Rydberg
quantum simulators capable of handling thousands of particles.

Cold atoms, Tweezers, Rydberg atoms

Engineering gauge theories with a Rydberg atom processor 12:30
Julia Bergmann, ICFO / UAB

| explain how to engineer tunable anisotropic attractive as well as repulsive
interactions with so-called superatoms by organizing two or more individual
atoms in small clusters sharing one Rydberg excitation. | will use the Rokhsar-
Kivelson Hamiltonian as an example to show how these Rydberg arrays can
be used to investigate Ising models with S = 1/2 and higher in one, two and
three dimensions.

Cold atoms, Rydberg atoms, Quantum simulation
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Characterizing Operator Growth in Disordered Quantum Spin Chains
via Out-of-Time-Ordered Correlators 12:45
Maximilian Millenbach, CESQ, Université de Strasbourg

We study operator growth in disordered Heisenberg spin chains via out-of-
time-ordered correlators (OTOCs). While for ordered spin chains operator
growth is practically identical for both nearest-neighbour and power-law
(a > 3) interactions, we find that this is not the case for strong disorder.
Additionally, we propose a scheme to measure OTOCs with Rydberg-excited
atoms using Floquet Hamiltonian Engineering.

Many-body physics, Quantum thermodynamics, Rydberg atoms

Microwave-to-optical conversion based on room-temperature Rydberg
atomic ensemble 13:00
Sebastian Boréwka, University of Warsaw

Coherent microwave-to-optical conversion enables new methods of detection
for microwave astronomy, coherent imaging and next-generation sensors.
We present a simple yet robust device based on Rydberg atomic vapours,
converting microwaves to near infrared light. The converter enable us
to observe free-space microwave thermal radiation at room temperature,
confirmed by its photon statistics.

Rydberg atoms, Hot vapors, Atom-light interaction
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The maximum refractive index of optical materials:
from quantum optics to quantum chemistry

Darrick Chang - ICFO - The institute of photonic sciences

It is interesting to observe that all known optical materials have a refractive index that is
of order unity at visible/telecom wavelengths. Furthermore, it is not easy to reconcile this
with the fact that the individual atoms making up the material are well-known to have a
huge optical response near resonance, when isolated, as characterized by a scattering
cross section that is much larger than the physical size of the atom. Here, we discuss
the role that non-perturbative collective effects and multiple scattering of light have
on determining the index of a collection of atoms, starting from the “quantum optics”
regime of well-isolated atoms, to the “quantum chemistry” regime relevant for real-life
solids. We elucidate various mechanisms by which the index can be limited, either by
pure electrodynamic effects or by many-body effects associated with quantum chemistry.
We develop a minimal model suggesting that an ultrahigh index material (n 30) with
low losses is in principle allowed by the laws of nature. If realizable, such a material
would have profound implications for optical technologies, due to the extreme reduction
of optical wavelength.

/ Darrick Chang obtained his bachelor’'s degree in physics
§ from Stanford University in 2001, and his PhD in physics
from Harvard University in 2008. Subsequently, he held a
prize postdoctoral fellowship at the California Institute of
Technology. In 2011, Darrick joined ICFO as the leader
of the Theoretical Quantum Nanophotonics group. He
was awarded an ERC Starting Grant in 2015, and an ERC
Consolidator Grant in 2021.

The research of Prof. Chang and his group is based upon
a vision that quantum effects are at the forefront of future
technologies and discoveries, and that nanophotonic systems
will be a prominent platform for this frontier. Specifically,
they aim to harness the unique configurability, large optical
forces, and strong light-matter interaction strengths achiev-
able in nanophotonic systems to produce new applications
and phenomena involving matter and light, which have no analogue in macroscopic setups.
His work is highly inter-disciplinary, and the group explores the potential impact across
atomic physics, quantum optics, nonlinear optics, nano-mechanics, low-dimensional
materials, and quantum information science.
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Observation of superradiant bursts in waveguide QED 10:30
Constanze Bach, Humboldt University of Berlin

We experimentally observe superradiant burst dynamics with a one-
dimensional ensemble of atoms that is coupled to a nanofibre waveguide and
extends over thousands of optical wavelengths.

Cold atoms, Waveguides

Analysing nonlinearity of atomic arrays using a Green'’s function approach
to time evolution 10:45
Simon Panyella Pedersen, Department of Physics and Astronomy, Aarhus
University, Denmark

We find that two atomic lattices, which are themselves largely optically linear,
can result in an emergent highly nonlinear cavity. As a complement to a
previous numerical analysis, we use a Green's function approach to calculate
the dynamics of atomic arrays. This allows for writing down analytical
expressions for correlation functions.

Many-body physics, Quantum optics, Lattices

Effect of an optical dipole trap on resonant atom-light interactions 11:00
Teresa Karanikolaou, ICFO

The optical properties of fixed atoms and tightly trapped ions are well-known
and investigated. However, in emerging quantum optics setups involving
neutral atoms in dipole traps, the trapping of the ground and excited state
may differ, leading to reduced elastic scattering cross sections and increased
motional heating rates. We theoretically investigate the effect of a free or
anti-trapped excited state on the scattering rate and heating.

Quantum optics, Atom-light interaction, Tweezers
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Using single atoms in optical cavities as efficient source for multiphoton
graph states generation 11:45
Leonardo Ruscio, Max Plank Institut of Quantum Optics

The generation of multiphoton entangled states is an essential ingredient for
measurement based quantum computation. We experimentally demonstrate
the feasibility of single atoms in optical cavities as an efficient source of
multiphoton graph states.

Quantum information processing, Cavities, Atom-light interaction

A quantum frequency converter for the connection of rubidium atoms
in a cavity over long distances 12:00
Maya Biki, Max-Planck-Institute for Quantumoptics

Rubidium atoms can be efficiently entangled with optical photons, making
them a promising platform for long-distance quantum networks. However,
the wavelength of these entangled photons is not suitable for long-distance
communication due to intrinsic fiber losses, necessitating wavelength conver-
sion to the telecom regime. A polarisation conserving quantum frequency
converter (QFC) has been demonstrated in a Sagnac configuration, which can
also be used to connect diverse platforms operating at different wavelengths.

Quantum networks and quantum memories, Quantum information processing,
Quantum communication

Entanglement Distribution - Towards a Suburban Quantum Network
Link 12:15
Pooja Malik, Ludwig-Maximilians-University, Munich, Germany and Munich
Center for Quantum Science and Technology (MCQST), Munich, Germany

A crucial task for a quantum network is to distribute entanglement between
quantum nodes over large distances. Here we present neutral atom-based
quantum node with 7 ms coherence time which enables the distribution of
entanglement over 101 km fiber by employing telecom wavelength photons. |
also present preliminary fidelity and entanglement generation rates of a future
project where we generate heralded entanglement between a single-atom
at the MPQ in Garching and a single-atom at LMU in downtown Munich -
approximately 14 km line-of-sight apart.

Quantum networks and quantum memories, Quantum communication
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Cavity-mediated interactions between pair of atoms and generation of
entangled states of bosons in an optical cavity 12:30
SANKALP SHARMA, Institute of Physics, Faculty of Physics, Astronomy
and Informatics, Nicolaus Copernicus University, ul. Grudziadzka 5, 87-100
Torun, Poland

In our study we explore cavity-mediated interactions between pairs of atoms
in an optical cavity. We find that the effective induced interactions between
atoms are sensitive to the state of photons and therefore, it can be exploited
for generating the nonclassical states of light and in a controlled preparation
of entangled states of atoms. Our results offer new insights into the forma-
tion of correlated states of matter with potential applications in quantum
technologies.

Bose-Einstein condensates, Out-of-equilibrium trapped gases, Atom-light
interaction

Optical spectrum to position converter for spectro-temporal processing
based on quantum memory 12:45
Stanistaw Kurzyna, Centre for Quantum Optical Technologies, Centre of New
Technologies, University of Warsaw, Banacha 2c, 02-097 Warsaw, Poland

We implemented spectrum-to-position converter protocol in gradient echo
quantum memory based ultracold rubidium-87 atomic ensamble. To perform
measuremnts we utilized custom sCMOS camera with image intensifier
sensitive to single photons, making this protocol suitable for single-photon-
level pulses. We have achieved a spectral resolution of 150 kHz that is
unachievable for diffraction grating spectrometers.

Quantum information processing, Cold atoms, Quantum optics
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Automated characterisation of alkali vapour-cells for magnetometry
Leigh Page, University of Sussex

With the rise of optically pumped magnetometers (OPMs) in high sensitivity
magnetometry, a method to analyse the quality of its main component,
the vapour-cells, in bulk was required. To this end, | developed a system
consisting a heated mirror for the vapour-cells to be placed upon, within
an open source multipurpose 3-axis robot, mounted with a transmission
spectroscopy setup, enabling the scanning of multiple cells in sequence
via computer commands. The pressure determined from the spectroscopy
absorption linewidths provide insight into the internal conditions of the cells.

Atom-light interaction
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Neutral Atoms in Tweezer Arrays for Rydberg Hybrid Quantum Com-
puting

Marijn Venderbosch, Eindhoven University of Technology

We are constructing a new experiment that will feature strontium-88 atoms
trapped in optical tweezer arrays. Entanglement between the qubits will be
generated by coupling one of the qubit states to a Rydberg state. On the
poster, we show the design of the apparatus as well as experimental results
on ‘blue’ and ‘red’ magneto-optical traps.

Tweezers, Rydberg atoms, Quantum computing

Building a commercial quantum computer
Neta llan, Quantum Art

Quantum Art is a full-stack quantum computing systems company, based on
trapped ion qubits. In my poster | will showcase the fundamental building
blocks of a trapped ions quantum computing system, as well as some of the
challenges in realizing such systems.

Quantum computing, lons, Quantum optics

A new ytterbium experiment for single-atom resolved many-body physics
Alessandro Muzi Falconi, Physics department, University of Trieste

| will report on the ongoing development of a new ultracold atom exper-
imental apparatus, where we will employ optical tweezers to control and
detect individual ytterbium atoms. Exploiting this high degree of control and
the peculiar features of ytterbium atoms we will investigate many-body phe-
nomena, ranging from collective atom-light interactions to orbital quantum
impurities, with single-atom resolution.

Many-body physics, Quantum simulation, Tweezers

Atomic Mach-Zehnder Interferometer with Trapped Bose-Einstein Con-
densates
Andrea Santoni, University of Florence

| report on the realization of an array of Mach-Zehnder interferometers
using Bose-Einstein condensates with tunable interactions trapped in double-
well potentials. The cancellation of common mode noise allows the first
realization of a trapped atom gradiometer

Atom and matter-wave optics and interferometers, Quantum metrology and
sensing, Bose-Einstein condensates
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Investigation of the generalized Euler characteristic of microwave net-
works split at edges
Omer Farooq, Institute of Physics, Polish Academy of Science

We investigate the condition when the original graph is split at edges into
two disconnected subgraphs. We show that there is a relationship between
the generalized Euler characteristic €,(|VDol) of the original graph and the
generalized Euler characteristics €;(|VDi|) , i = 1,2, of two disconnected
subgraphs, where |VDo| and |VDi| , i = 1,2, are the numbers of vertices
with the Dirichlet boundary conditions in the graphs.

Quantum networks and quantum memories, Quantum thermodynamics,
Waveguides

Quantum Computing Demonstrator based on neutral Strontium-88
Kevin Mours, Max-Planck-Institute of Quantum Optics

Quantum computers based on neutral atoms in optical tweezer face two
main challenges. Up to now, the prepared array sizes and the two-qubit-gate-
fidelity limited the ability to outperform classical computers. We present our
approach to overcome these limits by an array size of up to 400 qubits and
gate fidelities exceeding 99%.

Quantum computing, Rydberg atoms, Tweezers

Trapped ions in optical tweezers
Nella Diepeveen, University of Amsterdam

We plan to implement a novel platform for quantum simulation using 2-
dimensional 171Yb+ ion crystals in a Paul trap with optical tweezers. | will
describe the experimental setup and the creation and optimisation of the
tweezer pattern with a spatial light modulator.

lons, Quantum simulation, Tweezers

Design of an optically pumped magnetometer based on hot atomic
vapor targeted at medical diagnostics

Philipp Neufeld, Robert Bosch GmbH, Corporate Sector Advance Engineering,
Germany

We demonstrate and compare several techniques for the development of
an optically pumped magnetometer (OPM) based on hot atomic vapor
enclosed in MEMS vapor cells which should ultimately be applicable for the
aforementioned medical diagnostics purposes.

Hot vapors, Quantum optics, Quantum metrology and sensing
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Laser cooling alkali earth-like atoms and molecules in the deep ultraviolet
Lajos Palanki, Imperial College London

This project aims to create a high density MOT, and subsequently BEC
of AIF molecules. Here we present experimental and computational results
related to the trapping and slowing of AlF, as well as Cd.

Bose-Einstein condensates, Molecules, Atom-light interaction

Table-top Ultra-stable Optical Cavity as a kHz Gravitational Wave Bar
Detector
Mateusz Naroznik, Nicolaus Copernicus University in Torun

We propose to use a cryogenic table-top ultra-stable cavity made from
present-day components as a resonant-bar detector with sensitivity superior
to the other resonant-mass detectors in the kHz frequency regime. | will
present calculated and simulated gravitational waves signals and strain
sensitivities for different combinations of the cryogenic single-crystal silicon
cavities and observationally promising sources such as neutron stars merger,
subsolar-mass binary black holes merger, and ultralight bosons (as axions
and axion-like particles) formed through a black hole superradiance.

Fundamental constants, Cavities, Exotic phases of matter

Two-colour ultra-stable optical cavity
Adam Linek, Institute of Physics, Faculty of Physics, Astronomy and Infor-
matics Nicolaus Copernicus University in Torun, Poland

We develop an ultra-stable optical cavity that operates at two wavelengths,
namely 1064 nm and 908 nm. The purpose of the dual-wavelength ultra-
stable optical cavity is to facilitate accurate spectroscopic measurements of
the narrow clock lines of Hg atoms.

Atomic clocks, Cavities, Cold atoms

Differential Displacements in Multi-spatial Mode Squeezed Light
Joseph Kelly, University of Birmingham

A differential displacement between small squeezed regions of a two mode
multispatial squeezed light source is investigated. It is hoped that the findings
from this will pave the way to the creation of quantum enhanced images.

Quantum optics
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Quantum Degenerate Mixtures of Cs and Yb: Beyond Mean Field
Physics

Joe Bloomer, Durham university

We present our experiments on quantum degenerate mixtures of Caesium
and Ytterbium. We explore the mixture's dynamics and stability. In addition,
we identify two tune-out wavelengths of Cs, which will allow us to explore
beyond mean field effects such as quantum droplets in mixed dimensions.

Bose-Einstein condensates, Cold atoms, Quantum fluids

Stationary, dynamic and thermal properties of quantum droplets
Maciej Barttomiej Kruk, Institute of Physics of the Polish Academy of
Sciences

We showcase our results with regards to Bose-Bose quantum droplets:
stability at zero and finite temperatures in flattened and elongated 3D
regimes.

Bose-Einstein condensates, Cold atoms, Quantum gases in low dimensions

Rymax-One: A neutral atom quantum processor to solve optimization
problems
Silvia Ferrante, University of Hamburg

Here, we present our project Rymax-One - which aims at building a neutral
atom quantum processor, where we trap single 171Yb atoms in arrays of
optical tweezers. This enables us to have hardware efficient encoding of
optimization tasks, Rydberg-mediated interactions and high-fidelity gate
operations.

Rydberg atoms, Quantum computing, Tweezers

Electromagnetically-induced transparency cooling for ion-based qutrits
Katya Fouka, University of Amsterdam

In this work , we theoretically investigate an electromagnetically-induced
transparency cooling scheme for the 7Lu™ ion where hyperfine states in
the 3Dy level form a qutrit.

lons, Quantum computing, Quantum simulation
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Quantum protactor
Arash Dezhang Fard, Jagiellonian University

we present our experimental studies on the reconstruction of a quantum
protractor state of a spin-1 system, which is an optimal metrological resource
for detecting rotations, known as protractor state. Thus, We demonstrate a
preparation and full control of an important quantum metrological resource
state.

Quantum metrology and sensing, Hot vapors, Quantum optics

Optical tweezer arrays of alkaline earth-like ytterbium atoms
Jonas Rauchfuss, University of Hamburg

We present our progress towards a fully programmable, intermediate-scale
ytterbium quantum computer. Here, we will focus on the generation of an
arbitrary, homogeneous optical tweezer array using a spatial light modulator
as well as the generation of movable dipole traps using an acousto-optic
deflector.

Rydberg atoms, Quantum computing, Tweezers

A single cold atom as a single-photon detector
Laura Zarraoa, Institute of Photonic Sciences - ICFO

Here we study theoretically and experimentally the use of laser-cooled single-
or few-atom systems in optical microtraps as narrowband, ultralow-dark-
count photodetectors with absolute frequency stability. As we describe, this
approach promises orders-of-magnitude improvement in dark counts and
out-of-band rejection relative to state-of-the-art single photon detectors,
while preserving useful detection efficiency.

Atom-light interaction, Cold atoms
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3D Anderson transition with ultracold atoms
Xudong YU, /OGS, université Paris-Saclay

To investigate the Anderson transition that occurs in three-dimensional
systems between localized and diffusive states, we apply a state-dependent
spectroscopic scheme using ultracold atoms and achieve some preliminary
while promising results.

Cold atoms, Atom-light interaction, Bose-Einstein condensates

Coherent transmission of light through a dense cloud of cold atoms
Marcia Frometa Fernandez, Institute of Physics of Sdo Carlos - University of
S&o Paulo

In this work is proposed an experimental set up to obtain a dense cloud
of Strontium (88) and then study collective effects using that ensemble of
atoms. The first experiments consist in measuring the coherent transmission
of a low intensity beam by the cloud. The results will be compared with
simulations based on the Coupled-Dipole Model.

Cold atoms, Many-body physics, Atom-light interaction
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A Permanent Manget Based Zeeman Slower Cold Atom Source for
Dysprosium

Niclas Hollrigl, Universitit Innsbruck

We present a new simple yet versatile approach for a permanent magnet
Zeeman slower to be used in ultracold dysprosium quantum gas experiments.

Bose-Einstein condensates, Cold atoms, Atom-light interaction

Atom interferometry with ultra-cold atoms onboard a Zero G plane for
space applications
Clément Métayer, LP2N

The ICE experiment uses atomic clouds of potassium and rubidium in a
matter-wave interferometer to test the Weak Equivalence Principle. A
microgravity simulator allows the experiment to be in microgravity for 500ms
in order to get a long interrogation time. We also report the production of
ultra cold atoms of Rubidium (Bose-Einstein condensate ) in an all optical
dipole trap.

Atom and matter-wave optics and interferometers, Cold atoms, Bose-Einstein
condensates

One-dimensional Bose gas with an atom chip
Manon Ballu, Université Sorbonne Paris Nord

One-dimensional interacting Bose gases offer a richness of physical regimes
with striking specificities compared to three dimensions. For instance, in
the strongly interacting regime, appearing at low temperature and large
interactions, the hamiltonian of the system can be mapped into the one of
non-interacting spinless fermions. In order to be able to reach this regime, a
control over the atomic interactions is required : to this end we plan to rely
on a microwave-induced Feshbach resonance.

Bose-Einstein condensates, Quantum gases in low dimensions, Cold atoms

Developing a Bose-Einstein condensate microscope

Poppy Joshi, University of Sussex

BECs are highly sensitive to magnetic fields in their environment. This
property makes them an ideal probe for a microscope that maps the magnetic
field distribution or current density in 2D samples such as novel nanomaterials.
The sensitivity and spatial resolution of BEC-M is not accessible with any
magnetometer.

Atom-light interaction, Bose-Einstein condensates, Cold atoms
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Cold atom preparation for squeezed state atom interferometry
Edward Gheorghita, Institute of Science and Technology Austria

I would like to present the work that | have completed during the first
semester of my PhD. This includes the TOF temperature measurement of
both a far-detuned MOT (28 micro-Kelvin) and molasses cooled MOT (5.5
micro-Kelvin). If possible | can also include some MW-spectroscopy results
as well.

Cold atoms, Atom-light interaction, Quantum metrology and sensing

Sensing interactions in atomic quantum systems
Claudia Galantini, Tu/e

Hybrid ion-atom systems are a unique testbed for quantum simulation of
many-body physics and quantum chemistry. To fully benefit from the combi-
nation, it is essential to understand, characterize, and control the interactions
between the atoms and ions.This poster reports on the development in the
design of a new experiment at TU/e involving Yb+ and Dy.

Cold atoms, lons

Rayleigh-Taylor instability in a phase-separated three-component Bose-
Einstein condensate
Arpana Saboo, Indian Institute of Technology Kharagpur

In this work, we have investigated the Rayleigh-Taylor instability at the two
interfaces in a phase-separated three-component Bose-Einstein condensate.
We suggest different ways to instigate the instability in the system, i.e., by
varying the scattering lengths of either the innermost component or the
outermost component of the radially separated system, during the dynamical
evolution of the system. We observe non-linear mushroom-shaped patterns
at the interfaces which grows exponentially.

Bose-Einstein condensates, Quantum gases in low dimensions, Quantum
fluids

Optical Tweezer-Driven Gates on Trapped lons
zeger ackerman, University of Amsterdam

We plan to combine trapped 171Yb+ ions with tightly focussed optical
tweezers to test a novel two-qubit gate. The gate is based on the optical
Magnus effect, which describes a spin-dependent, off-axis displacement of
an ion by optical tweezers. The proposed tweezer setup enables high control
of the beam shape while allowing fast switching between any ion pairs to
implement the gates on.

Tweezers, lons, Quantum computing
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Extending Spin-Noise Spectroscopy with single photons to the Poincaré
sphere
Adria Medeiros Garay, C2N

We explore how photons are reflected by our device as a function of the spin
of a single electron in a QD embedded in a micropillar cavity. We aim at
performing a projective measurement of the spin state and to monitor its
dynamics in the Poincaré sphere.

Quantum optics, Quantum networks and quantum memories, Cavities

A study of spin diffusive modes in high pressure vapour cells.
Joseph Nicholson, University of Birmingham

We study the diffusive nature of alkali metal and noble gas mixtures via the
technique of co-magnetometry. This diffusive regime creates stable spatial
modes within the vapour cell which could be a powerful tool in quantum
information, imaging and enhancing the performance of sensing devices.

Quantum metrology and sensing, Many-body physics, Hot vapors

Construction of a versatile Rydberg atom platform
Sven Schmidt, Department of Physics and research center OPTIMAS, RPTU
Kaiserslautern-Landau

We construct a new experiment for quantum simulation with an arbitrarily
arranged two-dimensional array of optical tweezers containing one of a few
atoms. Despite the large distance of a few microns between the lattice sites,
the excitation of atoms to Rydberg states leads to long-range van der Waals
type interactions, which allows different sites to interact with each other.
Due to the precise control in the single- and few-particle regime, the systems
will allow us to study topological phenomena as well as many-body effects
arising from the interaction of the atoms within, and between sites.

Rydberg atoms, Quantum simulation, Tweezers

Quantum simulation with Rydberg states of erbium atoms

Johanna Hennebichler, University of Innsbruck

| want to present our on-going efforts in implementing a quantum simulator
using Rydberg states of erbium in an optical tweezer array. Recently, we
started loading erbium atoms into a one-dimensional optical tweezer array
and we are now aiming towards expanding this array to a two-dimensional
one of arbitrary geometry using a spatial light modulator.

Cold atoms, Tweezers, Rydberg atoms
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Atomic Frequency Comb Memory in Warm Rubidium Vapour
Zakary Schofield, University of Southampton

Warm Rubidium quantum memory based on the Atomic Frequency Comb
protocol.

Hot vapors, Quantum networks and quantum memories

Towards a variable-geometry multiplexed strontium optical atomic clock
lvana Pulji¢, Institute of Physics

We are developing a new experiment with strontium atoms in optical lattices
in which we plan to combine the unique flexibility offered by techniques used
in optical tweezers with the high accuracy of 1D optical lattice clocks. Here,
we report on the current state of our experiment and offer an outlook for
our clock.

Quantum metrology and sensing, Cold atoms, Atomic clocks

Towards Doppler Compensated Cavity Based Atom Interferometry
Matthew Forward, University of Birmingham

A scheme for improving sensitivity of atom interferometers using an optical
cavity to help alleviate the issues with with large momentum transfer is
presented. Active Doppler compensation using an intra-cavity Pockels cell
allows for longer free evolution times without losing the benefits of using
the cavity. This significantly reduces the size, weight, and laser power
requirements of the system.

Atom and matter-wave optics and interferometers, Cavities, Quantum metrol-
ogy and sensing

Towards a strontium Rydberg quantum simulator
Ana Pérez, ICFO

| would like to present the first steps on the design of a new quantum
simulator of Strontium Rydberg atoms. This includes the vacuum system, the
electromagnetic field control and the laser system for cooling and trapping.

Cold atoms, Quantum simulation, Rydberg atoms
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Ultracold & Ultrafast: Towards probing ultrafast electron and ion
dynamics of ionized ultracold quantum gases
Amir Khan, University of Hamburg

Ultrashort laser pulses provide new pathways for manipulating quantum gases
on femtosecond timescales. We present a novel coincidence unit consisting
of an ion microscope and a velocity map-imaging spectrometer capable of
probing the electron and ion dynamics of ionized quantum gases with a high
spatial and temporal resolution.

Quantum gases, Ultrashort laser pulses, Cold atoms and ions

Optimizing Faraday Rotation Measurements on BECs: Enhancing Pre-
cision through Frequency Control and Noise Reduction
Diana Méndez Avalos, Institute of Photonic Sciences - ICFO

By combining Faraday rotation measurements, optical cavities, and advanced
control techniques, we aim to advance our understanding of magnetic phe-
nomena, enable precise measurements, and explore the potential applications
of BEC in diverse fields of research.

Bose-Einstein condensates, Cold atoms, Atom-light interaction

Variational Quantum states for Eigenstate Thermalization Hypothesis
violation in NISQ-era
David Pascual Solis, Institute of Photonic Sciences - ICFO

This project investigates Quantum Many-Body Scars (QMBS) in a PXP
Model, capturing the Rydberg blockade phenomenon in a Rydberg chain.
QMBS has been shown to exhibit weak ergodicity breaking, indicating a
weak violation of the Eigenstate Thermalization Hypothesis (ETH). The
project utilizes hybrid quantum-classical machine learning techniques, specif-
ically applying automatic differentiation methods and gradients of objective
functions. This allows for the discovery of the parametrized quantum circuit
expression of these states.

keywords
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Quantum Rayleigh-Taylor instability in two dimensional Bose gases
Pedro Henrique Cook Cunha, Institute of Physics Of Sdo Carlos

A usual tridimensional gas can be taken into a quasi-bidimensional regime
by strongly trapping it in one of its directions of space in such a way that its
dynamics becomes practically reduced to the plane. Several aspects of these
2D systems are of great interest, especially those related to the transition to
the superfluid state which occurs via the Berenzinskii-Kosterlitz-Thouless
transition. We aim to develop a new experimental system for the purpose of
studying degenerate 2D gases, focusing on the hydrodynamic analysis of the
quantum Rayleigh-Taylor instability.

Bose-Einstein condensates, Quantum fluids, Quantum gases in low dimen-
sions
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Dark Energy search using atom interferometry in microgravity
Sukhjovan Singh Gill, Leibniz Universitit Hannover

The project DESIRE studies the chameleon field model for dark energy
using Bose-Einstein Condensate of Rb atoms as a source in a microgravity
environment. 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 work will further constrain thin-shell models for dark energy by several
orders of magnitude.

Atom and matter-wave optics and interferometers, Bose-Einstein condensates,
Quantum optics

Waveguide QED with Rydberg superatoms

Daniil Svirskiy, University of Bonn

On this poster we demonstrate how a single Rydberg superatom strongly
couples to an incident low-photon light field and how the chain of such
superatoms can behave like a few-photon absorber in the fast dephasing
regime. We want to implement a magic-wavelength optical lattice that will
enable us to reduce the motional dephasing of the collective excitation.

Quantum optics, Rydberg atoms, Cold atoms

Strapdown multi-axis inertial quantum sensor

Cyrille Des Cognets, Laboratoire Photonique Numérique and Nanosciences
(LP2N)

In the joint laboratory IXAtom, we build a compact and transportable 3-axis
Raman interferometry sensor. Our goal is to validate a "strapdown" strategy
by tackling the issues of vibrations and rotations using hybridization. | work
on the hybridization of the inertial sensor with gyroscopes to compensate
rotation effects.

Atom and matter-wave optics and interferometers, Quantum metrology and
sensing, Atom-light interaction
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Quantum Thermodynamics in Ultracold Mixtures - Towards Single Atom
Quantum Heat Engines
Thomas Hewitt, University of Birmingham

Our experiment explores quantum thermodynamics and it aims to realize
a single atom quantum heat engine. We take advantage of low-field inter-
species Feshbach resonances to control the interactions between an ultracold
atomic bath of 87Rb and a trapped single 41K atom in a species-selective
optical tweezer. Engine cycles become realizable by implementing quantum
thermodynamic transformations using these interactions.

Tweezers, Bose-Einstein condensates, Quantum thermodynamics

A dipolar quantum gas microscope
Fiona Hellstern, University Stuttgart

We present the progress towards constructing a dipolar quantum gas mi-
croscope using dysprosium atoms. This opens up the possibility to explore
strongly correlated systems, long-range dipolar interactions as well as the
extended Hubbard model.

Cold atoms, Dipolar quantum gases

Towards a Sr Optical Lattice Clock
Antonio Estarellas, ROA

As the Designated Institute for Time and Frequency Metrology in Spain,
ROA has recently started building up an optical lattice clock based on 875r
atoms. The first steps of the construction have already been implemented
and the next steps are being carried out.

Atomic clocks, Cold atoms, Lattices

Theoretical and experimental developments for a continuous superradi-
ant laser
Jana El badawi, Institut Femto-st/ Institut Utinam

Frequency standards based on atomic transitions in the optical domain can
reach remarkable fractional frequency stabilities of 10 - 17 at one second of
integration. We present developments towards the realization of an ultra-
stable laser based on the phenomenon of superradiance. Such a laser consists
of cold atoms confined within a mode of a high-finesse optical cavity.

Atom-light interaction, Atomic clocks, Cold atoms
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Spin- and momentum-correlated atom pairs mediated by photon ex-
change
Jacob Fricke, ETH Zurich, Quantum Optics Group

We observe the rapid production of atom pairs simultaneously correlated
in well-defined internal and external modes. The pairs are generated in a
Bose-Einstein condensate via exchange of virtual photons in a high-finesse
optical cavity. Coherent pair creation within tens of microseconds offers
promising prospects for quantum-enhanced magnetometry and gravitometry
with massive particles.

Spinor gases, Cavities, Atom and matter-wave optics and interferometers

Characterization of a new dual-species atomic source for lithium and
potassium
Adrian Kénig, IQOQI Innsbruck

We present the characterization of a new home-built dual-species atomic
source for our ultracold atom experiment working with lithium and potassium.
We measure the total flux as well as the spatial intensity distribution of
the emitted atomic beam and observe good agreement with theoretical
predictions.

Cold atoms, Many-body physics, Atom-light interaction

Rydberg spectroscopy in the strong driving limit for atoms and molecules
Florian Binoth, RPTU Kaiserslautern-Landau

We create new long-range bound states in the 55-6P molecular potential of
Rb87 via strong coupling to a Rydberg molecule potential. Additionally, we
investigate the Autler-Townes splitting in a multilevel system. We investigate
these spectra by resonantly coupling the 6P3/2, F=3 state of Rb87 to a
Rydberg state.

Molecules, Atom-light interaction, Rydberg atoms

Construction of a versatile Rydberg atom platform
Aaron Thielmann, Department of Physics and Research center OPTIMAS,
RPTU Kaiserslautern-Landau

We plan to realize arbitrarily arranged two-dimensional arrays with up to
100 lattice sites, each of them containing one or a few atoms. Due to the
long-range character of the introduced Rydberg interactions, an interaction
of the atoms in and between lattice sites is given. This setup is a prime
candidate to investigate both topological systems of single atoms as well as
effects arising from many-body properties in a controlled manner.

Rydberg atoms, Quantum simulation, Tweezers
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Trade off-free microfabricated cells for atomic devices
Linda Péroux, Centrale Lille / IEMN

We present a method to produce alkali vapor cells for atomic devices such
as atomic clocks or atomic magnetometers. We replicate the glass-blowing
technique used in the fabrication of macro-cells on wafer-integrated mi-
crostructures. The cells are filled with the desired chemical species and
sealed with a CO2 laser in a vacuum chamber.

Atomic clocks, Hot vapors, Quantum metrology and sensing

Delta-Kick Collimation of quantum mixtures for dual species atom
interferometry in space
Lakshmi Priyanka Guggilam, PhD student

Dual species atom interferometry under microgravity is a promising tool to
precisely test the Einstein's Equivalence Principle (EEP). MAIUS-2 (Matter
wave interferometry under microgravity) focuses on understanding the dy-
namics of K-41 and Rb-87 quantum mixtures in microgravity and preparing
the system to perform a test of EEP during MAIUS-3.Here, we concentrate
on studying and optimizing the time steps, number of kicks of DKC required
to collimate both species simultaneously based on harmonicity and isotropic
natures of the trap.

Cold atoms, Quantum optics, Bose-Einstein condensates

A ytterbium source for quantum-clock interferometry
Mario Montero, Institut fir Quantenoptik, Leibniz Universitat Hannover

Quantum-clock interferometry is a novel proposal to test gravitational time
dilation effects in quantum systems. We present the characterisation of a
laser-cooled ytterbium source to be implemented at the VLBAI facility to
perform QCI experiments.

Cold atoms, Atom and matter-wave optics and interferometers, Atomic
clocks

Local periodic driving in optical lattices
Georgia Nixon, University of Cambridge

Local periodic driving of optical lattices allows for local control of parameters
in a tight-binding model. We employ Floquet theory to capture the behaviour
of locally driven lattices under a variety of conditions. This technique allows
for the simulation of a wide range of quantum phenomena.

Lattices, Cold atoms, Quantum simulation
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Momentum-space correlations of lattice Bose gases close to the Mott
transition
Maxime Allemand, Laboratoire Charles Fabry - Institut d’Optique

We study interacting Helium-4 Bose gases in an optical lattice, realising
the 3D Bose-Hubbard hamiltonian. Our unique experimental probe which
consists in detecting metastable Helium-4 atoms one by one after a long
time-of-flight enables us to measure atom correlations in momentum space.
We report our on-going efforts to characterise many-body correlations across
the superfluid to Mott insulator transition.

Many-body physics, Bose-Einstein condensates, Lattices

Cryogenic Strontium Quantum Processor
Roberto Franco, University of Tiibingen

Neutral Rydberg atoms in optical tweezers are a promising platform for
quantum computing. In our project we aim at the unification of the optical
tweezer technology with cryogenic technology at 4K, using fermionic stron-
tium. This will result in record-long coherence and lifetimes of the atoms
in the optical tweezer array and it will form the basis for scalability to large
atom numbers.

Quantum simulation, Tweezers, Rydberg atoms

Anderson Localization of Light by Cold Atoms
Apoorva Singh, Institut de Physique de Nice, Université Cote d'Azur

| will present our new experimental setup aiming to study Anderson localiza-
tion of light using large clouds of 174Y b cold atoms in three dimensions.

Atom-light interaction, Atom and matter-wave optics and interferometers,
Cold atoms

Generation and control of quantum coherence in single atom mechanics
Kratveer Singh, Palacky University Olomouc

Through examination of the associated observable coherence on a single
trapped 40Ca+ ion-motional oscillator, we experimentally show climbing up a
hierarchy of criteria that exclude the convex closure of Gaussian states of the
linear oscillations. According to the interaction with thermal amplitude and
phase reservoirs, we assess their resistance to the most prevalent decoherence
processes in mechanical systems.

Quantum optics, lons, Atom-light interaction
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Coupling of non-classical light to Rydberg ensemble based non-linearities
Felix Hoffet, Institute of Photonic Sciences - ICFO

Rydberg blockaded atomic ensembles display highly non-linear interactions
to light. We report on a experiment in which we stored non-classical light
- generated in a first atomic ensemble using DLCZ - in a second Rydberg-
blockaded atomic ensemble using electromagnetically induced transparency.
We demonstrate strong non-linearities and multi photon filtering of the
non-classical field.

Quantum memory, atomic ensembles, EIT, Rydberg blockade, single photons
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About YAQO

The Young Atom Opticians conference (YAO) is an annual meeting aimed at young PhD
and master students in the field of atomic and molecular physics. Its goal is to provide
participants with a platform to learn from and extend their network with peers from
around the world.

YAO 2023 conference is arranged by PhD students from ICFO and will take place in
Barcelona from June 12th to 16th 2023.

Since 1995 it has been hosted by different institutions all over Europe.

1995: Innsbruck, Austria 2010: Amsterdam, Netherlands

1996: Oxford, UK 2011: Hannover, Germany

1997: Parco dell'Orecchiella, Italy 2012: Krakow, Poland

1998: Gif-Sur-Yvette, France 2013: Birmingham, UK

1999: Potsdam, Germany 2014: Barcelona, Spain

2000: Brighton, UK 2015: Zurich, Switzerland

2001: Stuttgart, Germany 2016: Munich, Germany

2002: Volterra, ltaly 2017: Paris, France

2003: Amsterdam, Netherlands 2018: Glasgow, Scottland

2004 Insbruck, Austria 2019: Hamburg, Germany

2005: Hannover, Germany 2020: Cancelled due to COVID-19

2006: Palaiseau, France 2021: Aarhus, Denmark (online)

2007: Durham, UK 2022: Stuttgart, Germany

2008: Florence, Italy 2023: Barcelona, Spain

2009: Vienna, Austria 2024: Strassbourg, France
YAO 2025:

Do you want to host YAO 20257 Talk to us!
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Strongly intacting Fermi-Fermi Mixture of ''Dy
and “K:
Study of DyK Feshbach molecules

Alberto Canali,!"* Zhu-Xiong Ye,! Elisa Soave,
Marian Kreyer,! Emil Kirilov,"? and Rudolf Grimm?! 2
Y Universitit Innsbruck, Institut fir Experimentalphysik,
Technikerstrasse 25, 6020 Innsbruck, Austria

2 Institute for Quantum Optics and Quantum Information,
Austrian Academy of Sciences, Technikerstrafie 21a, 6020 Innsbruck, Austria

Ultracold heteronuclear Fermi-Fermi mixtures provide a unique platform
to explore exotic regimes of superfluidity in mass-imbalanced fermionic sys-
tems [1]. We report on the preparation of a pure ultracold sample of bosonic
DyK Feshbach molecules, which are composed of the fermionic isotopes 61Dy
and 49K, employing a magnetic sweep across an isolated resonance located
near 7.3 G [2]. We produce up to 5000 molecules at a temperature of about
50 nK, corresponding to a phase-space density of the trapped molecules of
0.13. These molecules have a large magnetic moment (> 8.3 Bohr magne-
ton), which allows us to selectively prepare them in a weak optical dipole
trap (ODT) using a Stern-Gerlach technique. We also demonstrate a peculiar
anisotropic expansion effect observed when the molecules are released from
the trap and expand freely in the magnetic levitation field. Our study reveals
a lifetime limitation caused by the infrared trap light itself and not by inelas-
tic collisions. We find that the light-induced decay rate is proportional to the
trap light intensity and the closed-channel fraction of the Feshbach molecule
[3]. We could suppress losses by replacing the 1064-nm laser originally used
for the trap by a laser operating further in the infrared (near 1550 nm). By
tuning the magnetic field close to the center of the Feshbach resonance we
can reach lifetimes of about ~ 100 ms. Here elastic collisions dominate over
inelastic collisions and the conditions are promising for further evaporative
cooling to create a Bose-Einstein condensate of heteronuclear molecules.

[1] K.B. Gubbels et al. Phys. Rep. 525, 255 (2013).
[2] Z.-X. Ye, A. Canali et al. Phys. Rev. A 106, 043314 (2022).
[3] E.Soave, A. Canali et al., manuscript in preparation.

* alberto.canali@uibk.ac.at; http://ultracold.at/grimm/ 67
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Resonantly interacting °Li->*Cr Fermi mixture and
production of LiCr Feshbach molecules

Stefano Finellil: *

! Dipartimento di Fisica e Astronomia, Universita di Firenze,
50019 Sesto Fiorentino, Italy

Heteronuclear mixtures of ultracold fermionic atoms, resonantly interacting
close to a Feshbach resonance [1], are regarded as clean and versatile frame-
works optimally-suited for the disclosure of exotic few-particle states [2-6],
and the exploration of novel quantum phases — primarily in the context of
unconventional superfluid pairing [7-10] and quantum magnetism [11-15].
In particular, mixtures made of fermionic 5Li (alkali) and ®3Cr (transition
metal) atoms, with mass ratio M/m = 8.8, are especially appealing from a
few-particle physics perspective: They are predicted to support (already in
three dimensions) non-Efimovian three-body cluster states [3, 6], completely
unexplored thus far, that exhibit universal character and p-wave orbital sym-
metry. These elusive states are extremely relevant also from a many-body
viewpoint, in light of their predicted collisional stability. Besides this, in the
regime of strong repulsive interactions, three-body recombination processes
are expected to be drastically suppressed for the specific Cr-Li mass ratio [16],
thus making this system a pristine platform to explore quantum magnetism.
Finally, recent ab initio calculations [17] foresee, for the ground state of the
Li-Cr dimer, a sizable electric dipole moment of about 3.3 Debye that, com-
bined with a S = 5/2 electronic spin, makes Li-Cr mixtures also extremely
appealing candidates to realize ultracold paramagnetic polar molecules.

In our lab in Florence, we produce the first Li-Cr degenerate Fermi mixtures
worldwide. Our experimental strategy is formally similar to the all-optical
one developed for the Li-K system in the Innsbruck experiment [18], and it
consists in the following main steps: (1) realization of a cold Li-Cr mixture in a
dual-species magneto-optical trap (MOT); (2) direct loading of the bi-atomic
sample into an optical dipole trap (ODT); (3) evaporative cooling of the
lithium sample, populating the two lowest Zeeman atomic states (hereafter
referred to as Li|1) and Li|2), respectively) and, simultaneously, sympathetic
cooling of chromium atoms prepared in their lowest internal state (Cr|1)).
However, in spite of its conceptual simplicity, successful application of this
approach to Li-Cr requires to tackle various challenges — mostly connected
with fermionic chromium, its rich level structure, and its rather limited ex-
perimental investigation (see Refs. [19-21] for details).

6&tefano.finelli@unifi.it;
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Optimal control of a Bose-Einstein condensate in an
optical lattice

Floriane Arrouas,'* Nicolas Ombredane,! Nathan
Dupont,! Lucas Gabardos,' Juliette Billy,! Bruno
Peaudecerf,! David Guéry-Odelin,! and Dominique Sugny?

! Laboratoire Collisions Agrégats Réactivité,
UMR 5589, FERMI, UT3, Université de Toulouse,
CNRS, 118 Route de Narbonne,

31062 Toulouse CEDEX 09, France
2 Laboratoire Interdisciplinaire Carnot de Bourgogne,
UMR 6303, 9 Avenue A. Savary,

BP 47 870, F-21078 Dijon Cedex, France

Cold atoms are a highly controllable and tunable platform for various appli-
cations, such as quantum simulation or quantum metrology. However, further
control can be achieved using optimal control theory (OCT), for example to
prepare various specific quantum states that could be challenging to reach
using conventional methods.

In our system, a Bose-Einstein condensate in a 1D-optical lattice, we use
OCT to determine the optimal modulation of the lattice phase to prepare
specific target states of the collective wavefunction. In this talk, I will demon-
strate our ability to prepare diverse reachable states, such as arbitrary mo-
mentum states with chosen relative phases [1] as well as Gaussian states with
chosen angle, position, or squeezing in the phase-space of a lattice cell.

I will also describe the reconstruction method we use, based on a maximum-
likelihood algorithm, to certify that the prepared states have a high purity
and a high fidelity to the non-trivial target states [2].

Once obtained, we have demonstrated how these states can be stabilized
periodically, or used to initiate a quantum simulation experiment with a pre-
cised control on the tailored initial state.

[1] N. Dupont et al., PRX Quantum 34 012345 (2021).
[2] N. Dupont et al., New J. Phys. 2, 040303 (2023).

* floriane.arrouas@univ-tlse3.fr; 69
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Superfluid fraction in an interacting spatially modulated
Bose-Einstein condensate

F. Rabect,’>* G. Chauveaut,! C. Maury®,! C. Heintze,! G. Brochier,’
S. Nascimbene,! J. Dalibard,! J. Beugnon,! S.M. Roccuzzo,? and S. Stringari?
! Laboratoire Kastler Brossel, Collége de France,
CNRS, ENS-PSL University, Sorbonne Université,
11 Place Marcelin Berthelot, 75005 Paris, France
2 Pitaevskii BEC Center, CNR-INO and Dipartimento di Fisica,
Universita di Trento, 1-38123 Trento, Italy

At zero temperature, a Galilean-invariant Bose fluid is expected to be fully
superfluid. Here we investigate the quenching of the superfluid density of a di-
lute Bose-Einstein condensate (BEC) due to the breaking of translational (and
thus Galilean) invariance by an external 1D periodic potential [1]. Leggett
found an upper bound for the superfluid fraction [2], that only depends on
the density profile of the fluid. We prove that for a weakly interacting Bose
gas, with a separable density profile, this upper bound turns into an equal-
ity. The superfluid fraction of the gas can thus be extracted with an in-situ
density measurement. We perform the experiment for a planar BEC of 8"Rb
atoms confined in an optical dipole trap, we break translational invariance by
projecting a large-period 1D optical lattice of variable depth on our sample.
We also do an independent measurement of the superfluid fraction based on
a speed of sound measurement. We compare both methods to a numerical
simulation of the Gross-Pitaevskii equation and find a very good agreement.

FIG. 1. Artistic view of the experiment: a BEC is subject to a lattice potential. A
long-wavelength sound mode is excited

[1] G. Chauveau et al. arXiv 2302.01776 (2023)
[2] A.J. Leggett, Phys. Rev.Lett. 25, 1543-1546 (1970).

ZOfranco.rabec@lkb.ens.fr; http://quantumgases-pariscdf.fr/
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Self-bound crystals of antiparallel dipolar mixtures

Maria Arazo,"2 Albert Gallemi,®> Montserrat
Guilleumas,!»? Ricardo Mayol,"»? and Luis Santos®
! Departament de Fisica Quantica i Astrofisica,
Universitat de Barcelona, Marti i Franqués 1, 08028 Barcelona, Spain
2Institut de Ciéncies del Cosmos, Universitat de Barcelona,
Marti i Franqués 1, 08028 Barcelona, Spain
3 Institut fiir Theoretische Physik,

Leibniz Universitat Hannover, 30167 Hannover, Germany

Quantum fluctuations can stabilize bosonic mixtures and Bose-Einstein con-
densates with dipolar interactions against the collapse predicted by the mean-
field theory. This stabilization mechanism allows for two new states of matter
to arise: self-bound quantum droplets and dipolar supersolids. When dipo-
lar interactions between the atoms are present, the droplets can self-assemble
into arrays and form a supersolid, which presents both a crystalline structure
and superfluid properties. The dipolar interaction between such droplets is
repulsive, so these crystals unravel in the absence of external confinement.

On a binary mixture of antiparallel dipolar condensates, however, the at-
tractive dipolar interaction between components allows for the formation
of self-bound crystals with no transversal confinement [1]. We explore the
ground-state physics of the system, which includes three-dimensionally self-
bound droplet-ring structures and, in the presence of only axial confinement,
stripe/labyrinthic patterns and self-bound crystals of droplets surrounded by
an interstitial superfluid.
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FIG. 1. (a,b) Single-shot realizations of the column magnetization for a binary mix-
ture with antiparallel dipoles where red (blue) regions are populated by component
1 (2). (c,d) Corresponding momentum distribution for the second component in the
cases of (a) and (b). (¢) Momentum distribution averaged over 10 realizations.

[1] M. Arazo, A. Gallem{, M. Guilleumas, R. Mayol, and L. Santos, arXiv:2303.0208%
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Radio-frequency dressing Bose-Einstein condensates for
investigating quantum phase

Natasha Bierrum,!* T.J. Barrett,! F.Orucevié,! and P.Kriiger!

! Department of Physics and Astronomy, University of Sussex
Brighton, BN1 9QH, United Kingdom

Adiabatic radio-frequency dressing of ultra-cold atoms has been used in
a number of experiments to create double well potentials for investigating
relative phase and tunnelling between two coherent atomic ensembles. The
phase difference between the two Bose-Einstein condensates (BECs) depends
on experimental parameters, such as the lowest energy of each well, trap fre-
quency, atom number and barrier between the two wells. The interaction of
two BECs with different relative phase produces matter-wave interference in
time of flight. This makes it an excellent tool for investigating the behaviour
of quantum phase. Using multiple radio-frequencies, we can create a triple
well potential and extend exploration to more versatile systems.

In this work we perform adiabatic radio-frequency dressing of rubidium-
87 Bose-Einstein condensates in a magnetic trap produced by an atom chip.
Precise control over the dressing radio-frequency, amplitude, and timing al-
lows for coherent splitting of the atomic ensemble. The results of radio-
frequency dressing with one frequency are compared to simulations, using the
rotating-wave approximation theory. Multiple radio-frequency potential has
not been achieved on an atom chip before, and we discuss how the single radio-
frequency results will inform creating three or more BECs at once. Simula-
tions of multiple radio-frequencies have been performed as well as simulations
of the results of the interference pattern [1]. However, there are challenges
that need to be overcome in order to achieve the goal experimentally.

[1] Ph. W. Courteille et al., J. Phys. B: At. Mol. Opt. Phys. 39 1055 (2006).

F2n bierrum@sussex.ac.uk
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Probing the Li-Haldane conjecture with a synthetic
Quantum Hall Ribbon

Quentin REDON, ! * Jean Baptiste Bouhiron,! Nehal Mittal,®
Aurélien Fabre,! Qi Liu,'! Raphael Lopes,' and Sylvain Nascimbene!

! Laboratoire Kastler Brossel
11 Pl. Marcelin Berthelot, 75005 Paris, France

Topological phases of matter exhibits a valuable robustness to external per-
turbations, such as quantized Hall conductivity in a 2D electron gas. Such
phases are not described by a local order parameter, thus looking at the en-
tanglement between two sub-partitions (A and B) of a system would give us
new insights regarding its underlying topology [1, 2]

One way to quantify entanglement entropy is through the Von Neuman en-
tropy defined as S = —pglogpa. While this single number compresses all
the information carried out by the reduced density matrix, we could take a
closer look at the so called entanglement spectrum (ES), eigenvalues of the
entanglement Hamiltonian H4 (EH) being defined as H4 = —log pa [3]. Fol-
lowing this idea, Li and Haldane conjectured that topological order signatures
could be revealed thanks to a direct relation between the ES and the edge
excitations of the system [4]

Experimentally access to the ES is not straightforward, especially for large sys-
tem size, as it would mean to acquire complete knowledge of the reduced den-
sity matrix. An alternative route would be to genuinely realize this fictitious
EH based on Bisognano-Wichmann (BW) theorem giving its local structure
[5]. We experimentally validate the BW prescription for a synthetic quan-
tum Hall Ribbon in a atomic Dy gas. The BW Hamiltonian is used as a
starting point of a variational implementation [6] of the EH and finally give
a experimental demonstration the Li and Haldane correspondence.

[1] A. Kitaev and J. Preskill, Physical Review Letters 96, (2006).
[2] M. Levin and X.-G. Wen, Phys. Rev. Lett. 96, 110405 (2006).
[3] J. Eisert, M. Cramer, and M. B. Plenio, Rev. Mod. Phys. 82, 277 (2010).
[4] H. Li and F. D. M. Haldane, Phys. Rev. Lett. 101, 010504 (2008).
I

[5] J. J. Bisognano and E. H. Wichmann, Journal of Mathematical Physics 16, 985
(1975).

[6] C. Kokail, B. Sundar, T. V. Zache, A. Elben, B. Vermersch, M. Dalmonte, R. van
Bijnen, and P. Zoller, Phys. Rev. Lett. 127, 170501 (2021).

* quentin.redon@lkb.ens.fr; http://quantumgases-pariscdf.fr 73
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Collective behaviour in Rabi-coupled two component
Bose-Einstein condensates

Roy Eid,»* A. Hammond,' and T. Bourdel

! Institute Optique Graduate school, Laboratoire Charles Fabry
2 Av. Augustin Fresnel, 91120 Palaiseau

Mixtures of Bose-Einstein condensate offer situations where the usually
dominant mean-field energy in weakly interacting systems can be reduced
such that higher-order (for example beyond-mean-field) terms may play a
dominant role in the equation of state. In this context, the case of two-
component coupled Bose-Einstein condensate will be specifically addressed.
First, large attractive effective three-body interactions can be engineered with
striking consequences [1]. Second, the beyond-mean field energy is precisely
measured and is shown to be modified as compared to the uncoupled case [2].

[1] A. Hammond, L. Lavoine, and T. Bourdel, “Tunable three-body interactions in
driven two-component Bose-Einstein condensates”, Phys. Rev. Lett. 128, 083401.

[2] L. Lavoine, A. Hammond, A. Recati, D. S. Petrov, and T. Bourdel, “Beyond-
Mean-Field Effects in Rabi-Coupled Two-Component Bose-Einstein Condensate
. Phys. Rev. Lett. 127, 203402, 2021.

Fhroy.eid@institutoptique.fr;
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K-*He Comagnetometer as an Advanced Sensor for the
Global Network of Optical Magnetomters for Exotic
Physics Searches (GNOME)

Grzegorz Lukasiewicz, % * Eliza Kukowka, 2
Mikhail Padniuk,!*? and Szymon Pustelny!:?
! Institute of Physics, Jagiellonian University, Krakéw, Poland

2@lobal Network of Optical Magnetometers for
Ezotic physics searches (GNOME) Collaboration

The Global Network of Optical Magnetometers for Exotic physics searches
(GNOME) [1] uses precision atomic sensors (magnetometers and comagne-
tometers) to search for the ultralight dark matter (e.g., axions and axion-like
particles). A recently constructed Advanced GNOME sensor is a K-*He co-
magnetomter operating in the so-called self-compensating regime [2]. With
regards to the sensors already used in GNOME, the new sensor not only has
a better sensitivity to nonmangnetic perturbations, but also suppresses mag-
netic noises at low frequencies (< 1 Hz), which are the limiting factor for the
sensitivity of regular magnetometers. We have demostrated that with the sen-
sor an overall gain in sensitivity of 3 to 4 orders of magnitude to non-magnetic
neutron spin couplings is possible. To explain this capabilities, principles of
the sensor operation and possible data analysis methods will be presented.

[1] S. Pustelny, D. F. Jackson Kimball, C. Pankow, M. P. Ledbetter, P. Wlodarczyk,
P. Wcislo, M. Pospelov, J. R. Smith, J. Read, W. Gawlik, et al., The global
network of optical magnetometers for exotic physics (gnome): A novel scheme
to search for physics beyond the standard model, Annalen der Physik 525, 659
(2013).

[2] T. W. Kornack and M. V. Romalis, Dynamics of two overlapping spin ensembles
interacting by spin exchange, Phys. Rev. Lett. 89, 253002 (2002).

* gregory.lukasiewicz@Qgmail.com 75
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Detection of quantum (Fano) interference in a hot vapor
atomic gas

Ludovica Donati,* 23 * Stefano Gherardini,’%?
Leonardo Salvi,’2 Gabriele Rosi,® Ivana Mastroserio,' 23
Natalia Bruno,''?3 and Francesco S. Cataliottil*? 3

! Buropean Laboratory for Non-linear Spectroscopy (LENS),
University of Florence, 1-50019 Sesto Fiorentino, Italy
2 Dipartimento di Fisica e Astronomia,
University of Florence, 1-50019 Sesto Fiorentino, Italy
3Istituto Nazionale di Ottica (CNR-INO),
Largo Enrico Fermi 6, 50125 Florence, Italy
4 Istituto Nazionale di Ottica (CNR-INO),

Area Science Park, Basovizza, I-34149 Trieste, Italy
5Scuola Internazionale Superiore di Studi Avanzati (SISSA),
via Bonomea 265, 1-34136 Trieste, Italy
S AtomSensors srl, The National Institute for
Nuclear Physics, 1-50019 Sesto Fiorentino, Italy

Quantum interference is a quantum process whose effects are several: chang-
ing optical properties of media, like absorption and transparency, enhanc-
ing energy transport in light-harvesting complexes or information transfer in
quantum networks, among many others. Of particular interest is the fact
that this process can arise through the application of coherent fields or, more
surprisingly, even through incoherent processes, like spontaneous emission, or
interaction with noisy electromagnetic fields, such as black body radiations.
[1].

Photovoltaic devices, photodetectors or quantum heat engines could see
improvements in their performances exploiting quantum interference between
internal states [2]. Using a V-type three-level system to model a quantum dot
photocell, Svidzinsky et al. demonstrate theoretically in [3] that the cell, if
excited by natural incoherent light, i.e. sunlight, can experience quantum in-
terference involving the transitions from a common ground state to the excited
states. The phenomenon leads to a mitigation of radiative recombination and
thus to a significant increase in photocurrent and electric power that can be
extracted from the cell.

Starting from this model, we perform an experiment realizing a V-type
three-level system on atomic platform, i.e. in the hyperfine structure of hot
87TRb atoms as depicted in figure 1. As theoretically predicted by Dodin et
al. in [4], the aim is the observation of spatial anisotropy in the spontaneous

?6donati@lens.uniﬁ.it
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Quantum thermometry using topological fermionic
chains

Anubhav Kumar Srivastava,!** Alexandre Dauphin,’ Utso Bhattacharya,!
Alexandre Dauphin,! Maciej Lewenstein,! and Marcin Plodzien!

LICFO — Institut de Ciencies Fotoniques,
The Barcelona Institute of Science and Technology, Spain

With the advent of quantum technologies, there is a dire need to accurately
measure the temperature of systems at regimes where quantum effects are
dominant. This is challenging since there is no observable to measure the
temperature of a given quantum system directly. Thus, we need quantum
estimation theory to provide us with the lower bound for the temperature
accuracy of a quantum system via the Cramér-Rao bound, which is inversely
proportional to the square root of Quantum Fisher Information (QFI) for
a general thermal state. In short, if we can maximize the QFI for a given
system, we will have ideal bounds for the variance in temperature of the given
quantum system. It was further showed in 2015 that an optimal quantum
thermometer has a particular energy spectrum with a single ground state but
a highly degenerate first excited state. This energy gap is proportional to the
estimated temperature of the system [1].

We propose a quantum thermometer with a topological SSH model realized
with ultracold fermions in a one-dimensional optical lattice. The proposed
thermometer has a very similar energy level structure to the OQT. Assuming
that the thermometer is already thermalized to the thermal state of the given
system, we study QFI for temperature estimation accuracy. We also analyze
the thermalization dynamics when our thermometer in the pure state is cou-
pled to a given many-body quantum system. We can characterize it using
the Bures’ distance between the reduced density matrices of the thermometer
and the system.

[1] Correa, Luis A. et al., Phys. Rev. Lett. 114, 220405 (2015).

* Anubhav.Srivastava@icfo.eu "
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Individual qubit addressing in chains of *"Ba* ions
using laser-written waveguides

Andres Vazquez-Brennan,'* Ana Sotirova,’ Jamie
Leppard,! Fabian Pokorny,’ and Chris Ballance'

! Department of Physics, University of Ozford, Clarendon Laboratory,
Parks Road, Ozford OX1 3PU, United Kingdom

Trapped-ion quantum computers encode qubits in the electronic structure
of ions confined to a chain. Often, quantum gates are driven by exciting
two-photon Raman transitions, which has yielded some of the highest fidelity
single- and two-qubit gates [1]. However, addressing individual ions in a long
chain is challenging. The addressing beams must be tightly focused well below
the ion separation (~ 5 pm) to minimise unwanted illumination of a target
ion’s neighbours. Additionally, precise control of the intensity, phase and
frequency of each beam is required to implement a universal gate set.

We present an all-fibre system for individually addressing 532 nm beams
onto a chain of 13"Bat ions for driving two-photon Raman transitions. A net-
work of fibre splitters separates the light into multiple channels, which each
addresses a single ion. The intensity, frequency and phase of each beam is
controlled by a fibre-coupled acousto-optic modulator. A custom laser-written
waveguide device alongside a simple telecentric lens configuration tightly fo-
cuses the beams to ~ 1 um diameter and matches their separation to that of
the ions.

The atomic properties of Ba™ allow 532 nm light to drive Raman tran-
sitions between hyperfine states in both the ground S;,, and the long-lived
metastable D5 /5 level. Thus, qubits encoded in either manifold can be ma-
nipulated with the same individual addressing system. This enables advanced
qubit manipulation schemes such as omg protocols [2] without added exper-
imental overhead. In addition, turning on just one Raman tone induces an
AC Stark shift on the quadrupole S; /; < D5/, transition. We exploit this to
achieve effective individual addressing of our global quadrupole laser, which
allows us to individually address our fluorescence lasers through qubit hiding
schemes.

[1] C.J. Ballance et al., Phys. Rev. Lett. 117, 060504 (2016).
[2] D.T.C Allcock et al., Appl. Phys. Lett. 119 214002 (2021).

F8andres.vazquezbrennan@physics.ox.ac.uk
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Focussing of microwave-driven gate interactions for
trapped ions

Molly Smith,">* Aaron Leu,! Mario Gely,! and David Lucas!
! Department of Physics, University of Oxzford, Ozford

Trapped-ions are a promising platform for quantum computing as they can
form fundamentally identical qubits with long coherence times. Quantum
logic gates are often performed using lasers but can also be driven by mi-
crowave fields for which the technology is cheaper and more reliable, making
it simpler to scale up. However, due to the centimetre wavelength of mi-
crowaves, they cannot be focussed to a small spot size making it difficult
to address an individual ion within a cluster of ions confined by the same
potential well.

We have demonstrated a novel method to drive a spin-dependent force only
in a sub-ion-spacing (< 5um) region whilst suppressing this force everywhere
else. This is done by utilising the variation of the phase of the microwave-field
across the surface trap.

*
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Isotope shifts of the 'P; «+ 'S, and *P; + 'S lines in
atomic cadmium

J. Eduardo Padilla-Castillo,* * S. Hofsiss,! S. C. Wright,! S. Kray,! R. S.
Thomas,! B. G. Sartakov,® B. Ohayon,! G. Meijer,! and S. Truppe!

! Fritz- Haber-Institut der Maz-Planck-Gesellschaft,
Faradayweg 4-6, 14195 Berlin, Germany

The isotope shifts of atomic transitions provide a means to study nuclear
structure. Cadmium possesses eight stable isotopes, a strong 'P; + 'S laser
cooling transition and a narrow spin-forbidden 3P; < S transition. It is
therefore an interesting atom to study in a tabletop experiment.

We produce a cold, slow beam of atomic Cd in a cryogenic buffer gas source,
and use it to perform isotope-resolved laser induced fluorescence spectroscopy
of the 'P; < 1Sy and 3P; « 'Sy lines. For the 'P; « 'Sy transition, we use
isotopically enriched samples and emission-angle selective detection to unam-
biguously determine the isotope shifts with MHz accuracy. In combination,
these two techniques enable discriminating between the two fermionic and
six bosonic isotopes, whose transitions are poorly spectroscopically resolved
due to the large natural linewidth of the transition. We show that for the
fermionic isotopes, quantum interference is observable between the excited
states, complicating the interpretation of the spectrum. After carefully ac-
counting for quantum interference in the spectral lineshape of the fermions,
we measured the radiative lifetime of the 'P; state as 1.60(5) ns. For the
3P, « 1S, transition, whose natural linewidth is three orders of magnitude
smaller, it is straightforward to resolve the individual isotopes, and we benefit
from the small Doppler shifts present in our slow atomic beam. We performed
systematic checks to determine the accuracy of our transition frequency and
isotope shift measurements, comparing to previously measured structure in
cadmium, precisely known transitions in atomic copper, and an ultrastable
optical cavity. This allows us to assign a systematic uncertainty to the isotope
shifts of 3.3 MHz, sufficient for the application of our measurements in nuclear
theory via a King-plot analysis [1, 2].

[1] B. Ohayon et al., New J. Phys. 24, 123040 (2022).
[2] S. Hofséss et al., Phys. Rev. Research 5, 013043 (2023).
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The Design of the BECCAL Laser System for Cold
Atom Experiments Onboard the ISS

Hamish Beck,'>* Victoria A. Henderson,"? Tim Kroh,"?
Jakob Pohl,"'2 Matthias Schoch,' Christoph Weise,! Hrudya
Thaivalappil Sunilkumar,’ Marc Kitzmann,! Evgeny Kovalchuck,!
Achim Peters,! and the BECCAL Collaboration?: 3:4:5:6,7:8,9,10

L Humboldt- Universitit zu Berlin, Berlin, Germany
2 Ferdinand-Braun-Institut, Leibniz Institut
fiir Héochstfrequenztechnik, Berlin, Germany
3 Johannes Gutenberg-Universitit, Mainz, Germany
4 Leibniz Universitit Hannover, Hannover, Germany
SDLR Institut fiir Satellitengeoddsie und Inertialsensorik, Hannover, Germany
SDLR Institut fiir Quantentechnologien, Ulm, Germany
" Universitit Ulm, Ulm, Germany
8 ZARM, Universitit Bremen, Bremen, Germany
9DLR Institute for Space Systems, Bremen, Germany
YDLR Simulations-und Softwaretechnik, Braunschweig, Germany

The Bose-Einstein Condensate and Cold Atom Laboratory (BECCAL)[1] is
a cold atom experiment designed for operation onboard the ISS. It is a collabo-
ration between DLR and NASA, built upon the heritage of previous sounding
rocket and drop tower experiments, and NASA’s CAL[2]. This multi-user
facility enables the exploration of fundamental physics with Rb and K BECs
and ultra-cold atoms in microgravity, facilitating prolonged timescales and
ultra-low energy scales. The scientific envelope targets atom interferometry,
atom optics, scalar and spinor BECs, quantum gas mixtures, strongly inter-
acting gases and molecules, and quantum information.

An overview of the design and capabilities of the BECCAL laser system will
be presented. The broad scientific aims of the laboratory require a flexible
laser system architecture whilst meeting a stringent Size, Weight and Power
(SWaP) budget. To achieve this, we combine micro-integrated diode lasers
and fibre-connected Zerodur boards of miniaturized free-space optics.

This work is supported by the DLR with funds provided by the BMWK
under grant numbers DLR 50WP1702, and 50WP2102.

[1] K. Frye et al., EPJ Quantum Technol. 8, 1 (2021).
[2] E. R. Elliot et al., npj Microgravity 4, 16 (2018).
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How much time does a resonant photon spend as an
atomic excitation before being transmitted?

Kyle Thompson,! * Kehui Li,?? Daniela Angulo,*
Vida-Michelle Nixon,! Josiah Sinclair,%3 Amal V S,°
Howard M. Wiseman,® and Aephraim M. Steinberg®

! Department of Physics, University of Toronto
60 St. George Street, Toronto, Ontario, Canada M5S 1A7
2 Department of Physics, Harvard University, Cambridge, MA 02138, USA
3 MIT-Harvard Center for Ultracold Atoms, Cambridge, MA 02138, USA
4 Department of Physics, Research Laboratory of Electronics,
Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, USA
® Department of Physics and Astronomy, Texas AE&M University

578 University Dr, College Station, TX 77843, USA

8 Centre for Quantum Computation and Communication
Technology (Australian Research Council),
Centre for Quantum Dynamics, Griffith University,
Yuggera Country, Brisbane, Queensland 4111, Australia

When a single photon traverses a cloud of 2-level atoms on resonance, the
average time it spends as an atomic excitation—as measured by weakly prob-
ing the atoms—is equal to the spontaneous lifetime of the atoms multiplied
by the probability of the photon being scattered into a side mode. A tempting
inference from this is that an average scattered photon spends one sponta-
neous lifetime as an atomic excitation, while photons that are transmitted
through the cloud spend no time at all as atomic excitations. However, our
recent experimental work shows that this is incorrect [1]. Here we examine
this problem using the weak-value formalism and show that the time a trans-
mitted photon spends as an atomic excitation is equal to the group delay,
which can take on positive or negative values. We also determine the cor-
responding time for scattered photons, which turns out to be related to the
Wigner time associated with elastic scattering [2]. This work provides new
insight into the complex and surprising histories of photons travelling through
absorptive media.

[1] J. Sinclair et al., PRX Quantum 3, 010314 (2022).
[2] R. Bourgain et al., Opt. Lett. 38 1963-1965 (2013).
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Accuracy of a commercial cold-atom microwave clock

Luc Archambault,’>?:* Bruno Pelle,! Luca Lorini,?> Arnaud
Landragin,? Peter Rosenbusch,! and Bruno Desruelle!

! Brail Quantum Sensors — Rue Francois Mitterrand, 33400 Talence, France
2LNE-SYRTE, Observatoire de Paris — Université PSL, CNRS,
Sorbonne Université — 61 Avenue de I’Observatoire, 75014 Paris, France

We present MuClock, a commercial compact microwave clock using isotropic
light cooling of rubidium atoms [1]. MuClock is comparable to typical hydro-
gen masers in terms of volume and short-term frequency stability, which is
3.2x10713 at 1 s. The long-term stability outperforms typical masers with a
fractional frequency stability of 1x107!® over more than one month.

The MuClock set-up is based on a spherical copper cavity, where 107 atoms
are cooled to 60 uK using isotropic light cooling [2]. Six bare fibres are glued
into 1.0-mm diameter holes in the cavity. The light enters through those holes
with a numerical aperture of 0.13 and optical reflections create an intensity
pattern with speckles and interferences. In this pattern, sub-Doppler cool-
ing can be achieved as in the well-known six beam molasses. The cavity is
also resonant for the interrogation microwave and Ramsey spectroscopy with
Tr = 40 ms probes the atoms in the same position. Having demonstrated
a long-term competitive clock frequency stability, we have started investi-
gating systematic frequency shifts, aiming at an overall accuracy <5x1071%.
Among the systematic effects that have already been evaluated to better than
5x10715 are the quadratic Zeeman effect and cavity pulling. Recently we
have focused on microwave phase transients. They require fine investigation
because the atoms are always inside the microwave cavity in our clock scheme,
contrary to the fountain geometry for which phase transients have extensively
been characterized [3]. Using a specifically designed test bench, we are able
to measure the microwave phase with 1 prad resolution. The long-term sta-
bility of this effect converted into fractional frequency is <1x107° over a
few days. The frequency bias has been measured and reduced to 1x10~.
Current efforts aim to lower this contribution to the overall clock accuracy.

[1] B. Pelle et al., 2022 Joint Conference of the EFTF/IFCS, pp. 1-4 (2022)

[2] S. Trémine et al., Phys. Rev. A, vol. 96, no. 2, pp. 023411 (2017).

[3] G. Santarelli et al., IEEE Transactions on Ultrasonics, Ferroelectrics, and Fre-
quency Control, vol. 56, no. 7, pp. 1319 (2009)
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Atom Interferometer Observatory and Network (AION)
with ultra-cold strontium

Mariame Karzazi,">* Hsu Chung Chuan,! Yijung Tang,! Jiajun
Chen,! Kimberly Tkalcec,! Tiffany Harte,! and Ulrich Schneider!

Y Unaversity of Cambridge
Cavendish Laboratory 19 J J Thomson Avenue, Cambridge, CB3 O0HE, UK

AION is an Atom Interferometer Observatory and Network that will use
its unique sensitivity scope to explore gaps where ultralight dark matter can-
didates may be detected, probe for gravitational waves in the mid frequency
band that is less accessible to other detectors, and in network with multiple
atom interferometers, explore other fundamental physics [1]. AION consisits
of a consortium of UK universities, each of which are developing a key stage
of the project, the University of Cambridge is looking at techniques to effi-
ciently cool and transport atom clouds from the atom source chamber to the
interferometry shaft.

Atom interferometry uses the wave-particle duality of atoms to operate
similarly to an optical interferometer, where the wave packet can be split and
recombined in momentum states using laser pulses . The interference fringes
created provide information on the relative phase and thus on the physical
phenomena that may affect it. By operating multiple atom interferometers
with a common laser source in a vertical tower, differential measurements can
be made for detection while removing common mode laser noise. The planned
large scales of the interferometry shafts to be constructed (from 10m to 1km),
as well as the high repetition rate required for the experiments, mean that
consistently achieving the lowest possible temperature for the atom clouds
and efficiently transporting them to the shaft is vital.

AION will use ultra-cold fermionic strontium atoms for its interferometry
sequence, the alkaline earth atom is characterised by its ultra-narrow “clock”
transition as well as useful cooling transitions that make it convenient for
atom interferometry. I will be presenting our current advances in cooling and
optical transport of strontium atoms and its context in AION.

[1] Badurina, L.,et al., AION: an atom interferometer observatory and net-
work, Journal of Cosmology and Astroparticle Physics 2020(05): p.011. (2020).
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Laser cooling of barium monofluoride molecules

Tatsam Garg,'* Marian Rockenhéuser,! Felix
Kogel,! Einius Pultinevicius,! and Tim Langen!
L5, Physikalisches Institut and Integrated Center
for Quantum Science and Technology (IQST)

University of Stuttgart
Pfaffenwaldring 57, 70569 Stuttgart, Germany

I will report on our progress towards laser cooling of barium monofluoride
molecules. Due to its high mass, resolved hyperfine structure in the excited
state and branching losses through intermediate states, this molecular species
is notoriously difficult to cool, but it shows high promise for various types
of precision measurement applications. I will discuss laser cooling strategies
for both the bosonic isotopologues, which are interesting for electron EDM
searches, and the more complex fermionic isotopologues, which are used for
parity violation experiments.

[1] R. Albrecht et al, Phys. Rev. A 101, 013413 (2020).
[2] F. Kogel et al., New J. Phys. 23, 095003 (2021).
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Relative dynamics of quantum vortices and massive
cores in binary BECs

Alice Bellettini,'>* A. Richaud,' and V. Penna!

! Dipartimento Scienza Applicata e Tecnologia, at Politecnico di Torino
Corso Duca degli Abruzzi 24, 10129 Torino, Italy

We study vortices with massive cores [1, 2] in binary mixtures of Bose-
FEinstein condensates. We consider the case of a simple 2D disc geometry.
Taking up the work of Richaud et al. [3, 4], we introduce a point-vortex
model where quantum vortices in the majority species are coupled to the
corresponding core masses, i. e. local peaks of the minority species. The
point-like dynamics is obtained via a variational Lagrangian approach. In
parallel, we validate our analytical results via the numerical resolution of two
coupled Gross-Pitaevskii equations. Conversely to the previous works [3, 4],
where a vortex centre was assumed coincident with the centre of its massive
core, we instead introduce a more refined dynamical model: here, the two
objects are described by independent sets of dynamical variables and coupled
by an harmonic term. Consequently, we study the effect of the new degree of
freedom on the vortex-mass relative motion and average dynamics.

As already observed, the first striking effect of the second species is a change
of trajectory. Whereas a massless vortex in a 2D disc moves of uniform circu-
lar motion, in presence of a second species some radial oscillations may arise.
Specifically, our new model brings to a more articulated normal mode analysis,
and improves the previous model thanks to the depedency of the small oscil-
lations on the inter-species coupling parameter gq;. This dependency could
not be appreciated in the previous model as it did not include the parameter
gap at all. On the other hand, we confirm that, within the physical ranges of
the coupling parameters, there is no significant relative motion of the vortex
with respect to its core mass.

[1] M. R. Matthews et al., Phys. Rev. Lett. 83, 2498 (1999).

J
[2] B. P. Anderson et al., Phys. Rev. Lett. 85, 2857 (2000).
[3] A. Richaud et al., Phys. Rev. A 101, 013630 (2020).
[4] A. Richaud et al., Phys. Rev. A 103, 023311 (2021).
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Observation of vortices in dipolar quantum gasses of
dysprosium

Clemens Ulm,'s * Eva Casotti," 2 Lauritz Klaus,"? Claudia
Politi," 2 Elena Poli,> Andrea Litvinov,! Thomas Bland,?
Russell Bisset,? Manfred J. Mark,"? and Francesca Ferlaino' 2

nstitute for Quantum Optics and Quantum
Information, Austrian Academy of Sciences
A-6020 Innsbruck, Austria
2 Institute for Experimental Physics, University of Innsbruck
A-6020 Innsbruck, Austria

Due to anisotropic interactions, ultra-cold dipolar gasses exhibit exotic
states such as supersolids — density-modulated and phase coherent degen-
erate states. These supersolids are theorized to maintain phase coherence
using a superfluid background. While density modulation can be directly ob-
served using in situ imaging and phase coherence emerges from interferometric
probes, the superfluid nature of the system in terms of irrotational flow and
thermodynamic properties is much trickier to measure. Quantized vortices,
a defining feature of superfluidity, are an unambiguous probe of irrotational
flow which can be used to prove the existence of the superfluid background in
the supersolid phase. Here we study, both experimentally and theoretically,
the creation of vortices in the unmodulated BEC phase and our progress to-
wards creating vortices in the Dy-164 supersolids. Finally, we will report on
our recent advances towards a dual-species dipolar quantum gas microscope.

* clemens.ulm@uibk.ac.at; http://www.erbium.at 87
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Universality of the superfluid Kelvin-Helmholtz
instability by single-vortex tracking

Diego Hernandez-Rajkov, 2 * N. Grani,»"?>'3 F. Scazza,* 12

G. Del Pace,® W. J. Kwon,® F. Marino,?® and G. Roati' 2

! European Laboratory for Nonlinear Spectroscopy (LENS),
University of Florence, 50019 Sesto Fiorentino, Italy
2 Istituto Nazionale di Ottica del Consiglio Nazionale delle
Ricerche (CNR-INO) c¢/o LENS, 50019 Sesto Fiorentino, Italy
3 Department of Physics, University of Florence, 50019 Sesto Fiorentino, Italy
4 Department of Physics, University of Trieste, 34127 Trieste, Italy
5 Department of Physics, Ulsan National
Institute of Science and Technology (UNIST),
Ulsan 44919, Republic of Korea
8 Istituto Nazionale di Fisica Nucleare,
Sez. di Firenze, 50019 Sesto Fiorentino, Italy

At the interface between two fluid layers in relative motion, infinitesimal
fluctuations can be exponentially amplified, inducing vorticity and the break-
down of the laminar flow. This process, known as the Kelvin-Helmholtz insta-
bility, is responsible for many familiar phenomena observed in the atmosphere
and the oceans, as well as in astrophysics. It is one of the paradigmatic routes
to turbulence in fluid mechanics. While in classical hydrodynamics, the insta-
bility is ruled by universal scaling laws, to what extent universality emerges in
quantum fluids is yet to be fully understood. Here, we shed light on this mat-
ter by triggering the Kelvin-Helmholtz instability in atomic superfluids across
widely different regimes, ranging from weakly-interacting bosonic to strongly-
correlated fermionic pair condensates. Upon engineering two counter-rotating
flows with tunable relative velocity, we observe how their contact interface de-
velops into an ordered circular array of quantized vortices, which loses stability
and rolls up into clusters in close analogy with classical Kelvin-Helmholtz dy-
namics. We extract the instability growth rates by tracking the position of
individual vortices and find that they follow universal scaling relations, pre-
dicted by both classical hydrodynamics and a microscopic point-vortex model.
The results of this work are reported in [1].

[1] Diego Herndndez-Rajkov et. al. arXiv:2303.12631 (2023).
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A Digital Micromirror Device setup for enhanced
control of a two-dimensional Bose-Einstein condensate

Marcel Kern,'** Marius Sparn,' Nikolas Liebster,’
Elinor Kath,! Helmut Strobel,’ and Markus Oberthaler!

L Kirchhoff-Institute for Physics
Im Neuenheimer Feld 227, 69120 Heidelberg, Germany

Our experiment produces a two-dimensional Bose-Einstein condensate
(BEC) of 39K with tunable interactions and a configurable in-plane potential.
The resulting full control of the mean field Hamiltonian enables us to study
many-body quantum dynamics far from equilibrium. For the manipulation of
the potential, a Digital Micromirror Device (DMD) is used to precisely shape
the intensity profile of a blue detuned dipole trap within the two-dimensional
plane.

In my master’s thesis, I am implementing a second DMD that uses near-
resonant, light. The two DMD’s operating with different wavelengths allow
for manipulation on different energy scales. This will enable us to optimize
the existing potential or manipulate the BEC locally for example, to inject
vortices. In my talk, I will present the current status regarding the upgrade
of the DMD control in our experiment.

* marcel kern@kip.uni-heidelberg.de; https://www.kip.uni-heidelberg.de/people/66898 89
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Dipolar Quantum Solids in an Erbium Quantum
Gas Microscope

Michal Szurek, Lin Su, Alexander Douglas, Ognjen Markovi¢,
Vassilios Kaxiras, and Markus Greiner

April 2023

Two-dimensional quantum lattice systems of dipolar atoms present the op-
portunity to study a rich set of many-body states that arise from long-range,
anisotropic interactions. Here we demonstrate dipolar phases of the extended
Bose-Hubbard model in a quantum gas microscope of magnetic erbium atoms.
By adiabatically loading a BEC into a small spacing square lattice, we probe
a regime in which the dipolar interaction dominates over other energy scales in
the system. Under these conditions we observe a quantum phase transition in
which superfluid order is broken and exotic dipolar phases are formed. Using
site-resolved images and connected density-density correlations we identify and
explore different half-filling dipolar phases in the hard-core boson limit. We
rotate the direction of the dipole-dipole interaction by tuning the orientation of
the atomic dipoles via an external magnetic field. Depending on this direction
we can form checkerboard, stripe, and diagonal phases. This work opens the
door to study of long-range interactions in lattice systems with single-site resolu-
tion. The clean and tunable nature of dipolar quantum gas microscope systems
allows for the study of other exotic many-body states such as super-solids and
Haldane insulators.
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Mixtures of Superfluid Bose and Fermi Gases

Piotr Wysockil''* and Marek Tylutki!

! Faculty of Physics, Warsaw University of Technology
Koszykowa 75, 00-662 Warsaw, Poland

In quantum mechanics, particles are divided into two types: bosons and
fermions, according to their spin. This property determines their collective
behavior, which is fundamentally different for both types of particles.

At very low temperatures, bosons undergo Bose-Einstein condensation, as
predicted by A. Einstein in 1925 and experimentally realized for the first
time in 1995. The existence of Bose-Einstein condensate (BEC) is closely
related to the superfluid state, which may be observed in ultracold quantum
gases. Superfluidity in fermionic systems is also connected to BEC through
condensation of Cooper pairs, which exhibit boson-like properties.

Some of the characteristic properties of superfluids are zero viscosity and
the existence of quantized vortices, which may be observed experimentally.

In my work, I study both types of ultracold quantum gases, as well as their
mixtures, mainly through the investigation of the properties and stability of
topological defects. In particular, I am interested in systems where bosons and
fermions coexist. Presently, I study superfluid entrainment - the phenomenon
predicted by Andreev and Bashkin [1], whereby in a mixture of two superfluid
components, a flow of one component drags along the other, despite the lack
of dissipation [2].

[1] Andreev, A. F., Bashkin, E. (1975b). “Three-velocity hydrodynamics of super-
fluid solutions”. Zh. Eksp. Teor. Fiz., V. 69, No. 1, Pp. 319-326, 42, 164.

[2] Hossain, K., Gupta, S. and Forbes, M. M. (2021). “Detecting entrainment in
Fermi-Bose mixtures”. Physical Review, 105(6).

* piotr.wysocki3.stud@pw.edu.pl 91



Talk Session Quantum Simulation 1 Back To Short Abstract

FermiQP - A Fermion Quantum Processor

Er Zu,'? * Andreas von Haaren,"? Robin Groth,»? Janet Qesja,"? Gleb
Neplyakh,'2 Timon Hilker, 2 Philipp Preiss,’? and Immanuel Bloch® 23
! Magz-Planck-Institut of Quantum Optics
Hans-Kopfermann Street 1, 85748 Garching, Germany
2 Munich Centre for Quantum Science and Technology
80799 Munich, Germany
3 Ludwig-Mazimilians- University Munich
80799 Munich, Germany

FermiQP is a quantum processor based on ultracold fermionic lithium in
optical lattices. In its analogue mode, the machine acts as a quantum gas
microscope featuring single site resolution and spin-resolved detection. In this
mode, quantum simulation of the Fermi-Hubbard model can be performed in
two-dimensional optical superlattices with dynamical control over the lattice
configuration. In the digital model, single- and two-qubit gates acting on the
spin degree of freedom will enable universal quantum information process-
ing. The single qubit gates will be implemented as Raman rotations between
hyperfine states and the two-qubit gates with controlled collisions between
atoms using superlattice double well paired with tweezer-based resorting
techniques. Together, these serve for full programmability of the quantum
computer.

The experiment is being built with the goal to reduce cycle times. Load-
ing the atoms into milliKelvin-deep pinning lattice directly after the 3D
MOT and performing Raman-Sideband-Cooling starting from the higher lat-
tice states will allow us to reduce evaporation times. I will present my setup
for a high-stability, large-volume bow-tie lattice used for imaging and cooling.

92er.zu@mpq.mpg.de



Talk Session Quantum Simulation 1 Back To Short Abstract

Spin squeezing via XXZ dipolar interactions in an
optical lattice quantum gas microscope

Vassilios Kaxiras,' * Alexander Douglas,! Lin Su,!
Michal Szurek,! Ognjen Markovié¢,! and Markus Greiner!

! Department of Physics, Harvard University,
Cambridge, Massachusetts 02138, USA

Spin squeezing has been demonstrated as a method for overcoming the
standard quantum limit in high-precision metrology. Recent theoretical and
experimental work has focused on the potential for power-law XXZ models
to realize scalable spin squeezing. We present recent experimental progress
towards observing such spin squeezing in a quantum gas microscope. Our
experiment prepares fermionic Er'6” atoms in one layer of a 3D short-spacing
optical lattice. We exploit a zero first-order-Zeeman (ZEFOZ) microwave
transition in the hyperfine structure of Er'6” to achieve a T2 coherence time
of 1 second, limited by a dipolar spin-exchange interaction. We use this
interaction to observe squeezing via free evolution on the 100ms timescale.
This establishes a new method for preparing a metrologically useful spin-
squeezed state in a 3D optical lattice.

*
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Stern-Gerlach Interferometry with the Atom Chip

B. Trok,"* D. Kapusta,! O. Dobkowski,! S. Machluf,? Y.
Margalit,> Z. Zhou,* O. Amit,> M. Keil,' Y. Japha,' S. Moukouri,’
D. Rohrlich,! Z. Binstock," Y. Bar-Haim,! M. Givon,' D.
Groswasser,! C. Henkel,® B. Horovitz," Y. Meir,! and R. Folman'!

! Department of Physics, Ben-Gurion University of the Negev, Be’er Sheva, Israel
2 Analytics Lab, Amsterdam, The Netherlands
3 Quantum Source Labs, Rehovot, Israel
4 University of Maryland, College Park, Maryland, USA
5Maz Planck Institute of Quantum Optics, Garching, Germany
S University of Potsdam, Potsdam, Germany

We describe a decade of Stern-Gerlach (SG) interferometry on the atom
chip. The SG effect has been a paradigm of quantum mechanics throughout
the last century, but there has been surprisingly little evidence that the orig-
inal scheme, with freely propagating atoms exposed to gradients from macro-
scopic magnets, is a fully coherent quantum process. Specifically, no full-loop
SG interferometer (SGI) has been realized with the scheme as envisioned
decades ago. Furthermore, several theoretical studies have explained why it
is a formidable challenge. Here we provide a review of our SG experiments
over the last decade. We describe several novel configurations such as that
giving rise to the first SG spatial interference fringes, and the first full-loop
SGI realization. These devices are based on highly accurate magnetic fields,
originating from an atom chip, that ensure coherent operation within strict
constraints described by previous theoretical analyses. Achieving this high
level of control over magnetic gradients is expected to facilitate technological
applications such as probing of surfaces and currents, as well as metrology.
Fundamental applications include the probing of the foundations of quantum
theory, gravity, and the interface of quantum mechanics and gravity. We end
with an outlook describing possible future experiments.

[1] M. Keil et al., Molecular Beams in Physics and Chemistry 263-301 (2021).
[2] S. Machluf et al., Nature Communications 4 2424 (2013).

[3] Y. Margalit et al., Nature 349 1205 (2015).

[4] Z. Zhou et al., Classical and Quantum Gravity 35 185003 (2018).

[5] Y. Margalit et al., New Journal of Physics 21 7 (2019).

[6] O. Amit et al., Physical Review Letters 123 8 (2019).

[7] Z. Zhou et al., Science Advances 6 7 (2020).

[8] Y. Margalit et al., Science Advances 7 22 (2021).

[9] O. Amit et al., New Journal of Physics 24 7 (2022).
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Development of a compact cold atom gyroscope

C. Salducci,’* Y. Bidel,! M. Cadoret,">2 A. Bonnin,' N.
Zahzam,' S. Schwartz,! C. Blanchard,! and A. Bresson'
YDPHY, ONERA, Université Paris Saclay, F-91128 Palaiseau, France

2LNE-CNAM, 61 rue de Landy,
93210, La Plaine Saint Denis, France

Since 1990’s, a new generation of inertial sensor based on matter-wave
interferometry has appeared: accelerometers [1], gradiometers [2] and gy-
roscopes [3] have been developed and demonstrated high sensitivity and
accuracy. Major applications for atom interferometers are today geophysics,
inertial navigation and fundamental physics. However, for measurements in
a dynamic environment, people use for now classical (non quantum) sensors
which require calibration and a correction to their inherent drift. Most of the
atom interferometry-based sensors are laboratories experiments and cannot
perform onboard measurements, except for some notable exceptions such as
ONERA’s marine and airborne gravimeter [4, 5].

In this paper, we present our first results concerning a compact cold atom
gyroscope, which is incorporated within the framework of the development of a
cold atom inertial measurement unit. The sensor is sensitive to rotations if the
atoms enter the interferometer with an initial velocity. We therefore propose
a scheme compatible with a compact multi-axis sensor in which the atoms are
horizontaly launched thanks to a magnetic gradient and interrogated with a
single Raman laser. We have obtained 35% contrast interferometry fringes
and measured the Earth rotation with 10% accuracy.

[1] V. Menoret et al., Sci Rep 8, 12300 (2018).

[2] J.M. McGuirk et al., Phys. Rev. A 65 033608 (2002).
[3] T.L. Gustavson et al., Phys. Rev. Lett 78 2046 (1997).
[4] Y. Bidel et al., Nat. Com. 9 627 (2018).

[5] Y. Bidel et al., J. Geod. 94 20 (2020).
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Frequency Comb atom interferometer

Clément Debavelaere,’* Cyrille Solaro,!
Pierre Cladé,! and Saida Guellati-Khélifa' 2
! Laboratoire Kastler Brossel, Sorbonne Université, CNRS,

ENS-Université PSL, College de France, 75005 Paris, France
2 Conservatoire National des Arts et Métiers, 75003 Paris, France

Atom interferometry is a leading precision measurement technology that
harnesses the wave-like interference of atoms to perform highly accurate mea-
surements of, e.g. velocities, accelerations, rotations, gravity or gravity gra-
dients. In particular, light-based atom interferometry, where light pulses are
used to coherently split, reflect and recombine atom wave-packets, has led to
extremely sensitive and accurate sensors that can be used to perform very
stringent tests of fundamental physics such as: testing the equivalence prin-
ciple, detecting gravitational waves, probing short-range forces or measuring
fundamental constants (e.g. the fine-structure constant)

We demonstrate the implementation of a light pulse atom interferometer
based on the diffraction of free-falling atoms of Rubidium by a frequency-
comb laser[l]. We study the impact of the pulses’ length as well as of the
interrogation time on the contrast of the fringes. A measurement of the Earth
gravitational field with a relative uncertainty of 10~° is performed using this
method. This technique, which we demonstrated in the visible spectrum on
Rb atoms, paves the way for extending light-pulse interferometry to other
spectral regions (deep-UV to X-UV) and therefore to new species, since one
can benefit from the high peak intensity of the ultrashort pulses which makes
nonlinear frequency conversion in crystals and gas targets more efficient. Es-
pecially, the modest relative sensitivity on g (~ 1075) that we demonstrated,
if it were reproduced on the 121 nm transition in anti-hydrogen would lead
to a stringent test of the interaction of anti-matter with gravity, where the
classical tests currently underway at CERN aim relative accuracy of ~ 1073
at best.

[1] C.Solaro et al., Phys. Rev. Lett. 129, 173204 (2022).
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High precision Atom Interferometer GAIN

Hrudya Thaivalappil Sunilkumar,’ * Bastian Leykauf,!
Hamish Beck,! Vladimir Schkolnik,' and Achim Peters'

! Humboldt- Universitit zu Berlin, Germany

The Gravimetric Atom Interferometer GAIN, is based on interfering ensem-
bles of laser cooled 8"Rb atoms in a fountain setup using stimulated Raman
transitions. The rugged transportable design of the instrument enables pre-
cise and accurate on-site gravity measurements. Its performance has been
compared to other state-of-the-art gravimeters in the past measurement cam-
paigns at geodesic observatories with an accuracy of 1079 level in g and a
long-term stability of 0.5 nm s=2 [1].

We will present the improvements implemented into the apparatus and the
aspects of using GAIN as a testbed for the interferometric measurements of
the BECCAL laser system [2].

This work is supported by the DLR with funds provided by the BMWK
under grant numbers DLR 50WP1702, and 50WP2102.

[1] C. Freier et al., Journal of Physics: Conference Series 723, 1, 012050 (2016).
[2] K. Frye et al., EPJ Quantum Technol. 8, 1 (2021)
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Ultra high sensitivity quantum gravi-gradiometer

Joel Gomes Baptista,! * Valentin Cambier,’ Leonid A.
Sidorenkov,! Sébastien Merlet,' and Franck Pereira Dos Santos’

LLNE-SYRTE, Observatoire de Paris Université PSL, CNRS, Sorbonne Université
61 avenue de l’Observatoire, 75014 Paris, France

Inertial sensors based on cold atom interferometry are one of the most
mature quantum technologies today and can achieve sensitivities that rival
conventional sensors [1]. Here, we present a cold atom gravi-gradiometer,
which measures the local value of the vertical component of ¢ and its vertical
gradient Vg.

Our sensor simultaneously probes the gravitational acceleration with two
atomic clouds separated by one meter and interrogated with common laser
beams [2]. The main advantage of this architecture is the rejection of common-
mode noises (i.e. vibration or laser phase noise) in the differential signal Vg,
which opens a perspective for dramatic sensitivity improvements. We cur-
rently focus on implementing multiphotonic Bragg beamsplitters to increase
the sensor’s scale factor; ant the optimal control methods on Bragg diffrac-
tion to improve the efficiency of the matter-wave optics. Furthermore, we will
use atom chip traps to efficiently prepare Bose-condensed atomic samples and
implement novel quantum metrology protocols for inertial sensing beyond the
standard quantum limit [3].

The enhanced sensitivity of our novel generation sensor may significantly
bypass the state-of-the art [4], which is of interest for various applications in
geophysics and accurate onboard inertial sensing. The simultaneous measur-
ment of g and Vg would allow for resolving the ambiguity between detected
weak mass and its localization.

[1] R.Geiger et al., AVS Quantum Science 2, 024702 (2020).
[2] R.Piccon et al., Physical Review A 106 013303 (2022).
[3] R.Corgier et al., Arziv 2205.09698 (2022).

[4] C.Janvier et al., Physical Review A 105 022801 (2022).
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A hybrid cold atom accelerometer for space geodesy
missions

N. Marquet,'** N. Zahzam,! Y. Bidel,! S. Schwartz,' A.
Bonnin,! A. Bresson, M. Cadoret,? and A. Godard?

'DPHY, ONERA-The French Aerospace Lab, Palaiseau, France
2LCM-CNAM, 61 rue du Landy,
938210, La Plaine Saint-Denis, France
3DSG, ONERA-The French Aerospace Lab, Palaiseau, France

Space gravimetry missions such as GRACE or GOCE determine the Earth
gravity field with great accuracy [1]. The data gathered are very useful in
the sciences of climatology, hydrology or geophysics and to understand global
climate change. These missions board state-of-the-art space electrostatic ac-
celerometers displaying a very good sensitivity but also a long-term drift. By
combining an electrostatic accelerometer with a very stable cold atom ac-
celerometer, it is possible to correct this drift. To this day, no acceleration
measurements with a cold atom accelerometer has been performed in space,
mostly because of the harmful effect of the satellite’s rotation on the interfer-
ometer output [2].

In this paper, we present our ongoing experimental work concerning the
development of a hybridised electrostatic/atomic accelerometer. In particular,
we addressed the problematic of satellite’s rotation and its detrimental effect
on the cold atom interferometer. The hybrid lab prototype is made of an
electrostatic accelerometer and a cold atom interferometer. The test mass
of the electrostatic accelerometer, very well controlled in angle and position,
is employed as the retro-reflection mirror of the interferometer. By rotating
the test mass, we studied the impact of inertial acceleration on the atomic
interferometer contrast and phaseshift. Moreover, we are working on the
rotation compensation technique: the test mass is rotated in order to limit
the impact of the whole instrument’s rotation [3].

[1] S. Cesare and al. The European way to gravimetry: From GOCE to
NGGM, Advances in Space Research 57, 1047 (2016).

[2] S. Lan and al. Influence of the Coriolis Force in Atom Interferometry,
Physical Review Letters 108, 090402 (2012).

[3] N. Zahzam and al. Hybrid electrostatic-atomic accelerometer for future
space gravity missions, Remote Sensing, 14(14),3273 (2022).
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Experimental investigation of false vacuum decay in a
ferromagnetic superfluid

Chiara Rogora,'* A.Zenesini,! A.Berti,! R.Cominotti,! I.Carusotto,’
G.Lamporesi,! A.Recati,’ G.Ferrari,’ T.Billam,?> and I.G.Moss?
! Pitaevskii BEC Center, CNR-INO and Dipartimento di Fisica,
Universita di Trento, 1-88123 Trento, Italy

28chool of Mathematics, Statistics and Physics,
Newcastle University, Newcastle upon Tyne, NE1 7TRU, UK

In the last decades Bose Einstein Condensates have become a valuable
platform for quantum simulations thanks to the high control reached in their
manipulation. In particular the BEC mixture of the two hyperfine states
[1,—1) and |2, —2) of 23Na, coherently coupled through a microwave radiation,
is equivalent to the spin 3 system at zero temperature, whose behavior is
explained in terms of the quantum Ising model. Thus BECs can be used to
study the quantum paramagnetic-ferromagnetic phase transition. The main
advantages in using a BEC mixture for the phase transition investigation
are the possibility of making coexist different magnetic phases, by properly
choosing the external trapping potential, and the non dissipative nature of
the condensate, compared to solid state environment, which allows for the
study of system dynamics.

After characterizing the phase diagram [1] we are able to prepare the sys-
tem in a metastable ferromagnetic state and study the relaxation process to
the absolute energy minimum, hence opening the way to the experimental
study of false vacuum decay process. The latter consists in the decay from
a metastable to an absolute minimum resulting in the creation of bubbles.
While false vacuum decay was introduced in the cosmological context the
energies involved are not experimentally accessible. Using the atomic plat-
form we manage to observe bubble nucleation and to characterize the event
probability.

[1] R.Cominotti et al., Ferromagnetism in an extended coherently-coupled atomic
superfluid, arXiv:2209.13235v3 (2023)
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Einstein-Podolsky-Rosen experiment in split
Spin-Squeezed Bose Einstein Condensates.

Lex E. Joosten,!** Paolo Colciaghi,! Yifan
Li,' Philipp Treutlein,! and Tilman Zibold!

! Department of Physics, University of Basel, 4056 Basel, Switzerland

In 1935, Einstein, Podolsky, and Rosen (EPR) conceived a Gedankenexper-
iment which became a cornerstone of quantum technology and still challenges
our understanding of reality and locality today. While the experiment has
been realized with small quantum systems, a demonstration of the EPR para-
dox with massive many-particle systems remains an important challenge, as
such systems are particularly closely tied to the concept of local realism in our
everyday experience and may serve as probes for new physics at the quantum-
to-classical transition. Here we report an EPR experiment with two spatially
separated Bose-Einstein condensates, each containing about 700 Rubidium
atoms. Entanglement between the condensates results in strong correlations
of their collective spins, allowing us to demonstrate the EPR paradox between
them. Our results represent the first observation of the EPR paradox with
spatially separated, massive many-particle systems. They show that the con-
flict between quantum mechanics and local realism does not disappear as the
system size increases to more than a thousand massive particles. Further-
more, EPR entanglement in conjunction with individual manipulation of the
two condensates on the quantum level, as demonstrated here, constitutes an
important resource for quantum metrology and information processing with
many-particle systems [1].

[1] P. Colciaghi et. al., arXiv, Einstein-Podolsky-Rosen experiment with two Bose-
Einstein condensates (2022).
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Preparation for the Integration of the BECCAL Laser
System

Marc Kitzmann,! * Victoria A. Henderson,? Tim Kroh,!?2
Jakob Pohl,"'? Matthias Schoch,! Christoph Weise,! Hrudya
Thaivalappil Sunilkumar,! Hamish Beck,! Evgeny Kovalchuck,!
Achim Peters,™? and the BECCAL Collaboration? 34 %:6,7:8,9,10

! Humboldt- Universitit zu Berlin, Berlin, Germany
2 Ferdinand-Braun-Institut, Leibniz Institut
fiir Hochstfrequenztechnik, Berlin, Germany
3 Johannes Gutenberg-Universitit, Mainz, Germany
4 Leibniz Universitit Hannover, Hannover, Germany
SDLR Institut fiir Satellitengeoddsie und Inertialsensorik, Hannover, Germany
SDLR Institut fiir Quantentechnologien, Ulm, Germany
" Universitit Ulm, Ulm, Germany
8 ZARM, Universitit Bremen, Bremen, Germany
SDLR Institute for Space Systems, Bremen, Germany
DLR Simulations-und Softwaretechnik, Braunschweig, Germany

BECCAL (Bose-Einstein Condensate and Cold Atom Laboratory) [1] is a
cold atom experiment designed for operation on the ISS. It is a DLR and
NASA collaboration, built on a heritage of sounding rocket and drop tower
experiments, and NASA’s CAL [2]. This multi-user facility enables the ex-
ploration of fundamental physics with Rb and K BECs and ultra-cold atoms
in microgravity, facilitating prolonged timescales and ultra-low energy scales.

In contrast to lab-based cold atom experiments, BECCAL must be operable
without interference for three years on the ISS. To reach that goal and match
the complexity of this space-based system to the stringent size, weight, and
power limitations, we have to fulfill strict product assurance requirements for
the laser system including higher cleanliness facilities and ESD protection. In
this context, the planning and implementation of the specific lab setup and
the first essential integration tests, using mock-ups, will be presented.

This work is supported by the DLR with funds provided by the BMWK
under grant numbers DLR 50WP1702, and 50WP2102.

[1] K. Frye et al., EPJ Quantum Technol. 8, 1 (2021).
[2] E. R. Elliot et al., npj Microgravity 4, 16 (2018).
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Towards a strontium quantum gas microscope

J. Hoschele,' * S. Buob,' A. Rubio-Abadal,! V. Makhalov,! and L. Tarruell!:2

YICFO - Institut de Ciencies Fotoniques,
The Barcelona Institute of Science and Technology,
08860 Castelldefels (Barcelona), Spain
2ICREA, Pg. Liluis Companys 23, 08010 Barcelona, Spain

Ultracold atoms in optical lattices represent an outstanding tool to create
and study quantum many-body systems. Combining these lattice systems
with the properties of alkaline-earth atoms such as strontium gives rise to ex-
citing phenomena. On one hand, sub-wavelength arrays of bosonic strontium
exhibit strong cooperative effects in atom-photon scattering. On the other
hand, fermionic strontium allows to investigate the Fermi-Hubbard model,
where SU(NNV) symmetric interactions between the N = 10 internal states give
rise to exotic magnetic phases beyond the limits of natural materials.

To study these systems experimentally, we will realize a strontium quan-
tum gas microscope. To prepare a quantum gas of strontium, we first employ
laser cooling on a broad transition, followed by further cooling on a narrow
transition. We reach temperatures of a few nK, which enable direct loading
into an optical dipole trap for evaporative cooling. We routinely generate
Bose-Einstein condensates of 300000 strontium atoms, which we plan to load
into an optical lattice. An imaging setup involving a high-NA objective will
allow us to image with single-atom and single-site resolution, enabling the
detection of density as well as spin correlations in the prepared many-body
states.

In my talk, I will present the current state of our machine, including the
cooling processes required to reach the quantum degenerate regime and a
characterization of our optical lattice. Furthermore, I will discuss the imaging
scheme to achieve single-site detection of the strontium atoms in the optical
lattice.

* jonatan.hoeschele@icfo.eu 103
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Setup of an atom array with cavity-mediated
interactions

Johannes Schabbauer,'* Stephan Roschinski,! Davide Natale,! Giacomo
Riccardo Hvaring,! Isabelle Safa,! Marvin Holten,! and Julian Léonard!

! Atominstitut, TU Wien, Vienna Center for Quantum Science and Technology,
Stadionallee 2, 1020 Wien, Austria

Achieving non-local interactions and multiparticle entanglement are essen-
tial goals for quantum simulation and quantum information processing. We
report on the construction of a new platform with neutral atoms trapped in
an array of optical tweezers (FIG. 1) with photon-mediated interactions. A
strong coupling of the single atoms to the photon field is implemented by a
fiber cavity with high finesse (FIG. 2). The atoms are individually address-
able by using a high resolution microscope, which is also used for imaging.
In addition, site-resolved non-destructive readout can be achieved via disper-
sive coupling to the cavity field. Our approach provides a scalable platform to
study many-body physics and entanglement with programmable connectivity.

FIG. 1. Optical tweezer array created with an acousto-optical deflector (AOD) for
trapping the atoms.

FIG. 2. Fiber cavity setup with mount (white) and piezoelement (yellow).
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Towards quantum simulation in an optical kagome
lattice with single-site resolved imaging

Tobias Marozsak,>* Luca Donini,! Sompob Shanokprasith,’
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! Cavendish Laboratory, University of Cambridge, Cambridge CB8 0HE, UK
2 Fakultat fir Physik, Ludwig-Mazimilians-Universitit, 80799 Miinchen, Germany
3 Maz-Planck-Institut fir Quantenoptik, 85748 Garching, Germany
4ColdQuanta UK Limited, Ozford, UK

The kagome lattice exhibits strong geometric frustration and hosts a mo-
tional band that becomes analytically flat in the tight-binding limit. The
macroscopic degeneracy of the associates states leads to novel physics, such
as the predicted spin liquid phase at the fermionic ground state [1].

We create an optical kagome lattice [2] by overlapping a triangular and
honeycomb lattice composed of 532nm and 1064nm light respectively. The
experiment is designed to cool bosonic 8”Rb and 3?K as well as fermionic 4°K
atoms and load them to the lattice. We plan to access the (flat) highest energy
subband by creating a negative absolute temperature state [3], allowing for
the study of equilibrium phases. We are also working towards implementing
a quantum gas microscope for single-site-resolved imaging of the atoms.

By tuning interactions and lattice depth it is then possible to simulate a
wide range of Hamiltonians with different lattice geometries. Our current
work includes studying the bosonic superfluid to Mott insulator transition in
a triangular lattice, both at positive (unfrustrated) and negative (frustrated)
temperatures.

[1] Balents, Nature 464, 199-208 (2010)
[2] G.-B. Jo et al., Phys. Rev. Lett. 108, 045305 (2012)
[3] S. Braun et al., Science 339, 52 (2013)
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Quantum Gas Magnifier for Ultracold Atoms in an
Optical Quasicrystal

Zhuoxian Ou,''* Lee Reeve,! Bo Song,' and Ulrich Schneider!

! Cavendish Laboratory, University of Cambridge,
J.J. Thomson Avenue, Cambridge CB3 0HE, United Kingdom

Many-body localization (MBL) presents an unconventional regime where
quantum systems with strong disorder are unable to thermalize, in contrast
with the conventional closed systems that follow the classical eigenstate ther-
malisation hypothesis. Ultracold atoms in a quasicrystalline optical lattice
provides a novel and highly controllable platform to investigate the enriched
physics of disordered many-body interacting systems [1, 2]. In our experiment,
MBL can be characterized by measuring the transport of a 3°K quantum gas
in an optical quasi lattice with an external trapping potential [2].

On the basis of the current experimental apparatus, we aim to incorporate a
quantum gas magnifier (QGM) to achieve single-site resolved imaging [3]. To
implement a QGM to the density distribution of atoms in an optical lattice,
a harmonic potential in the x-y plane with a trapping frequency of w = 27 /T
is ramped up and held for T'/4, followed by a time of flight (TOF) of duration
tror. This scheme results in a magnification of witror [3]. With a proper
trapping frequency and TOF duration, a QGM should be able to achieve
single-site resolution. In comparison with the previous approach using the
magnetic trap [3], we aim to use an optical dipole trap as the harmonic trap
after the lattice. The quantum gas magnifier demonstrated here paves the
way for exploring localization with a single site resolution.

[1] D. Abanin et al., Rev. Mod. Phys. 91, 021001 (2019).
[2] J.-C. Yu et al., arXiv:2303.00737 (2023).
[3] L. Asteria et al., Nature 599, 571575 (2021).
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New method to probe a quantum phase transition in
different spin Hamiltonians

Eduard Jiirgen Braun,!** Gerhard Ziirn,! and Matthias Weidemiiller!

! Physikalisches Institut Universitit Heidelberg
Im Neuenheimer Feld 226, 69120 Heidelberg, Germany

Interesting emergent phenomena found in the thermodynamic limit are
phase transitions. At zero temperature, these transitions are driven purely by
quantum fluctuations and related to a closing gap in the many-body spectrum.
One way to experimentally characterize them is by measuring the number of
defects as predicted by the Kibble-Zurek mechanism.

Magnetic systems described by Heisenberg Spin Hamiltonians show a para-
magnetic phase when a strong transverse field is applied. If such a model
shows a continuous quantum phase transition where the transverse field serves
as a control parameter, the magnetization in the paramagnetic phase can be
related to the defect density in the Kibble-Zurek formula. However, in order
to apply the Kibble-Zurek formula, one has to prepare the system close to
the ground state of the phase where the transverse field is small, which is
experimentally challenging especially in the presence of disorder.

In this talk, T will propose a new method that allows for the detection of
such a phase transition by preparing the ground state in the paramagnetic
phase, which is a fully spin polarized state, and measuring the magnetization
in the same phase. Starting with an analytical prove that this method shows
a similar behaviour as the Kibble-Zurek formula for a nearest-neighbour Ising
model, I will investigate numerically whether this method also predicts phase
transitions in the disordered 1D Ising model and use this method to probe the
presence of a phase transition in a disordered dipolar Rydberg gas described
by a Heisenberg XX model[1-3]

[1] J. Dziarmaga , Phys. Rev. Lett. 95, 245701 (2005).
[2] J. Dziarmaga , Phys. Rev. B 74 064416 (2006).
[3] B.-W. Li et al. , Phys. Rev. X Quantum 4 010302 (2023).
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Scalable Qubit Arrays for Quantum Computation And
Simulation

E. Diamond-Hitchcock," * B. Nikolov,! J. Bass,!
A. de Oliveira,! D. Walker,! and J. D. Pritchard!

Y University of Strathclyde
John Anderson Building, 107 Rottenrow E, Glasgow, G4 ONG

Quantum computation offers a revolutionary approach to how information
is processed, offering new applications in material design, quantum chemistry
and speed up of real-world optimisation problems. However, a large number
of qubits are required to obtain quantum advantage over classical hardware.
Neutral atoms are an excellent candidate for practical quantum computing,
enabling large numbers of identical qubits to be cooled and trapped, overcom-
ing major barriers to scaling experienced by competing architectures [1].

We present progress towards developing a large scale quantum processor
through the SQuAre (Scalable Qubit ARray) project. We demonstrate high-
fidelity single-qubit gate operations with < F? >= 0.99992(2) over 225 qubits
[2], which achieves the threshold for fault-tolerant scaling. We further im-
plement low-loss non-destructive and state-selective readout on 49 atoms to
suppress SPAM errors.

Further results pave the way to two qubit and multi-qubit gate operations
using two-photon adiabatic rapid passage [3].

This work is supported by the EPSRC Prosperity Partnership with M
Squared Lasers, Grant No. EP/T005386/1.

[1] M. Saffman, T. G. Walker, K. Mg lmer Rev. Mod. Phys. 82, 2313 (2010).

[2] B. Nikolov et al., arXiv 2301.10510 (2023).

[3] G. Pelegri, A.J. Daley, and J.D. Pritchard, Quantum Sci. Technol 7 045020
(2022).
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Trapping atoms in a cryogenic environment : enhancing
scalability in quantum systems

Grégoire Pichard,’ * Bruno Ximenez,! Etienne Bloch,! Davide
Dreon,' Adrien Signoles,! Kai-Niklas Schymik,? Florence Nogrette,?
Daniel Barredo,? Antoine Browaeys,? and Thierry Lahaye?
YPASQAL SAS, 7 Rue Léonard de Vinci, 91300 Massy, France

2 Université Paris-Saclay, Institut d’Optique Graduate School,
CNRS, Laboratoire Charles Fabry, 91127 Palaiseau Cedex, France

Optical-tweezer arrays have proven to be an effective platform for realizing
analog and digital quantum simulators. However, like all quantum hardware,
scalability remains a significant challenge. In this talk, we will present a
novel experimental setup that incorporates tweezer technology in a cryogenic
environment. Our setup operates at 4K, where we have achieved a vacuum-
limited lifetime exceeding 6000 seconds [1], an improvement of two orders of
magnitude over room temperature setups. By implementing an optimized trap
loading equalization procedure [2], we can construct arrays of over 300 atoms
while maintaining a high level of accuracy and defect-free realizations. These
findings mark the first step towards Rydberg quantum simulators capable of
handling more than a thousand particles.

[1] Kai-Niklas Schymik et al., Phys. Rev. Applied 16, 034013 (2021).
[2] Kai-Niklas Schymik et al., Phys. Rev. A 106 022611 (2022).
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Engineering gauge theories
with a Rydberg atom processor

Julia Bergmann,' 2 * Leticia Tarruell,®3 and Alessio Celi'

! Departament de Fisica, Universitat Autonoma
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The Barcelona Institute of Science and Technology,
08860 Castelldefels (Barcelona), Spain
3ICREA, Pg. Lluis Companys 23, 08010 Barcelona, Spain

In the last years, Rydberg atoms in reconfigurable optical tweezers proved
to be an excellent platform to implement Spin-like Hamiltonians in ultracold
atom experiments [1]. An important subject in this matter is the exploration
of Ising models with S = 1/2 and higher in one, two and three dimensions,
including the investigation of gauge theories emerging in condensed matter
physics [2]. As an example, I consider the well-known Rokhsar-Kivelson
Hamiltonian, a 2D U(1) lattice gauge theory describing quantum dimer and
spin-ice dynamics, in different geometries and investigate the resulting phase
diagrams [3]. I explain how to engineer tunable anisotropic attractive as well
as repulsive interactions with so-called superatoms by organizing two or more
individual atoms in small clusters sharing one Rydberg excitation. The con-
trol of the couplings translates in blockade and antiblockade conditions arising
in the dual formulation of the Rokhsar-Kivelson Hamiltonian [4]. In collab-
oration with the experimental group of Leticia Tarruell, I develop protocols
to investigate this and other gauge theories with Rydberg atoms in reconfig-
urable tweezer arrays.

[1] A. Browaeys, T. Lahaye “Many-body physics with individually controlled Ryd-
berg atoms”, Nat. Phys., vol. 16, pp. 132-142, Jan 2020

[2] S.Sachdev “Emergent gauge fields and high-temperature superconductors”, Phil.
Trans. R. Soc. A., vol. 374: 20150248, Aug. 2016

[3] D.S. Rokhsar, S. A. Kivelson “Superconductivity and Quantum Hard-Core
Dimer Gas”, Phys. Rev. Lett., vol. 61, pp. 2376-2379, Nov. 1988

[4] A. Celi, B. Vermersch, O. Viyuela, H. Pichler, M. D. Lukin, P. Zoller “Emerging
Two-Dimensional Gauge Theories in Rydberg Configurable Arrays”, Phys. Rev.
X, vol. 10, pp. 021-057, Jun. 2020
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Characterizing Operator Growth in Disordered
Quantum Spin Chains via Out-of-Time-Ordered
Correlators
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! Buropean Center for Quantum Sciences,
CESQ-ISIS (UMR7006), University of Strasbourg and CNRS
23 Rue du Loess, 67200 Strasbourg, France
2 Physikalisches Institut, Universitit Heidelberg
Im Neuenheimer Feld 226, 69120 Heidelberg, Germany
3 Kirchhoff-Institut fiir Physik, Universitit Heidelberg
Im Neuenheimer Feld 227, 69120 Heidelberg, Germany
4 Institut fiir Theoretische Physik, Universitit Heidelberg
Philosophenweg 16, 69120 Heidelberg, Germany

We investigate operator growth and information propagation in disordered,
isolated quantum spin systems using out-of-time-ordered correlators (OTOCs)
as a diagnostic tool. Specifically, we characterize the evolution of OTOCs of
two initially local Pauli operators in one-dimensional XXZ Heisenberg models
using numerically exact techniques. We survey both the ordered case and the
disordered cases, where disorder may take the form of either random on-site
potentials or random couplings from which in the limit of strong disorder
many-body localization (MBL) emerges. While in ordered spin chains, oper-
ator growth is almost indistinguishable for power-law (o > 3) and nearest-
neighbour interactions, we observe a much faster growth in power-law inter-
acting systems with strong on-site disorder than in their nearest-neighbour
interacting counterparts. The light cones observed in the case of power-law
interactions and strong disorder are found to be power-law, rather than log-
arithmic. Additionally, we propose an experimental method for measuring
OTOCs with Rydberg-excited atoms through an echo scheme and analyze
advantages and disadvantages of different classes of initial states to optimize
measurement.

* mkmullenbach@unistra.fr; http://eqm.cesq.fr/ 111
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Microwave-to-optical conversion based on
room-temperature Rydberg atomic ensemble

Sebastian Boréwka,' * Uliana Pylypenko,!
Mateusz Mazelanik,! and Michal Parniak!
LCentre for Quantum Optical Technologies,

Centre of New Technologies, University of Warsaw,
Banacha 2c, 02-097 Warsaw, Poland

The task of interconnecting microwave and optical domains of light is crucial
to quantum communication, as it would enable hybrid quantum networks.
Various realisations have been presented with that aim [1], with cold Rydberg
atoms being an example of a medium capable of this feat [2], along other
electro-optical devices in cryogenic temperatures.

However, less demanding implementations of microwave-to-optical conver-
sion will find their use in microwave astronomy, coherent imaging and next-
generation microwave sensors. Inspired by the recent progresses in microwave
detection assisted by atomic vapours [3], here we present a simple realisation
of room-temperature microwave-to-optical converter [4] of a 13.9 GHz field to
an infrared 776 nm beam. The microwave transition between Rydberg atomic
levels, accessed with laser fields, enables this process.

Despite operating with Doppler-broadened energy level spectra of atomic
vapours, we exhibit the converter’s reliability and versatility. With the use of
optical single-photon counter we demonstrate the readout of converted pho-
tons spanning over 57 dB of intensity, with 16 MHz of conversion bandwidth.
These properties, coupled with extremely low intrinsic noise, allow us to show
the conversion of microwave thermal radiation at room temperature. To sup-
port this claim, we perform temporal autocorrelation measurements on the
converted field, revealing Hanbury Brown and Twiss effect of thermal photons
and thermal-coherent fields’ interference.

[1] R.D. Delaney, M.D. Urmey, S. Mittal et al., Nature 606, 489-493 (2022).
[2] J. Han et al., Phys. Rev. Lett. 120, 093201 (2018).

[3] S. Boréwka et al., Appl. Opt. 61, 8806-8812 (2022).

[4] S. Boréwka et al., preprint at arXiv:2302.08380 (2023).
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Observation of superradiant bursts in waveguide QED

Constanze Bach,'>* Christian Lied,! Felix Tebbenjohanns,' Sebastian
Pucher,! Arno Rauschenebeutel,' and Philipp Schneeweiss!

! Department of Physics, Humboldt-Universitit zu Berlin
10099 Berlin, Germany

Dicke superradiance describes the collective decay dynamics of a fully in-
verted ensemble of two- level atoms. There, the atoms emit light in the form
of a short, intense burst due to a spontaneous synchronization of the atomic
dipoles. Typically, to observe this phenomenon, the atoms must be placed
in close vicinity of each other. In contrast, here we experimentally observe
superradiant burst dynamics with a one-dimensional ensemble of atoms that
extends over thousands of optical wavelengths. This is enabled by coupling the
atoms to a nanophotonic waveguide, which mediates long-range dipole-dipole
interactions between the emitters. The burst occurs above a threshold atom
number, and its peak power scales faster with the number of atoms than in
the case of standard Dicke superradiance. Moreover, we study the coherence
properties of the burst and observe a sharp transition between two regimes:
in the first, the phase coherence between the atoms is seeded by the excitation
laser. In the second, it is seeded by vacuum fluctuations. Our results shed
light on the collective radiative dynamics of spatially extended ensembles of
quantum emitters and may turn out useful for generating multi-photon Fock
states as a resource for quantum technologies.

* constanze.bach@physik.hu-berlin.de; https://Www.physik.hu-berlin.de/de/gop/main1 13
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Analysing nonlinearity of atomic arrays using a Green’s
function approach to time evolution

Simon Panyella Pedersen,!* * Georg Bruun,! and Thomas Pohl

! Department of Physics and Astronomy,
Aarhus University, DK-8000 Aarhus C, Denmark

Sub-wavelength atomic arrays, which have been found to have remarkable
linear optical properties [1, 2], are in themselves only weakly nonlinear due to
their collective interaction with photons, despite the underlying nonlinearity
of the individual saturable atoms. We have found that by putting together
two such arrays, we can recover the nonlinearity via an emergent cavity-like
behaviour with a large delay time that allows photons to interact strongly
before being emitted from the system [3]. As a complement to a previous
numerical analysis, we will study this system analytically using a Green’s
function approach to calculate the dynamics of the system and the interaction
of the photons using the T-matrix. This allows for writing the two-photon
correlation functions of the system analytically and an effective Hamiltonian
for the interacting photons. We will thus study the nature of the photon-
photon interaction and the many-body physics of the system. As an initial
step to this, the analysis has been performed for a single array, yielding the
two-photon temporal correlation and the two-photon momentum density.

[1] R. J. Bettles, S. A. Gardiner, and C. S. Adams, Phys. Rev. Lett. 116, 103602
(2016).

[2] E. Shahmoon, D. S. Wild, M. D. Lukin, and S. F. Yelin, Phys. Rev. Lett. 118,
113601 (2017).

[3] SPP, L. Zhang, and T. Pohl, Phys. Rev. Research 5, L012047 (2023).
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Effect of an optical dipole trap on resonant atom-light
interactions

Teresa Karanikolaou''* and Darrick Chang!

LICFO-Institute of Photonic Sciences
Av. Carl Friedrich Gauss 3, Castelldefels, Spain

The optical properties of a fixed atom are exquisitely well-known and in-
vestigated. For example, one important phenomenon is that the atom can
have an extraordinarily strong response to a resonant photon, as character-
ized by a resonant elastic scattering cross section given by the wavelength of
the transition itself, o, ~ A2. The case of a tightly trapped ion, where the
ground and excited states are equally trapped, is also well-known [1]. Then,
the elastic cross section is reduced by a fraction corresponding to the square
of the “Lamb-Dicke parameter”, while this same parameter also dictates the
probability of inelastic scattering that gives rise to motional heating.

In contrast, there are many emerging quantum optics setups involving neu-
tral atoms in tight optical dipole traps, such as coupled to nanophotonic
waveguides and cavities or in atomic arrays [2, 3], where the goal is to utilize
efficient atom-light interactions on resonance. Often, while the ground state
is trapped, the excited state may in fact be untrapped or even anti-trapped.
Here, we systematically analyze the consequences that this unequal trapping
has on reducing the elastic scattering cross section, and increasing the mo-
tional heating rate. This analysis may be useful to optimize the performance
of quantum optics platforms where equal trapping cannot be readily realized.

[1] J. L. Cirac et al., Phys. Rev. A 46 5 (1992)
[2] Jun Rui et al., Nature 583 (2020)
[3] J. D. Thompson et al., Science 340.6137 (2013)

* teresa.karanikolaou@icfo.eu 115
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Using single atoms in optical cavities as efficient source
for multiphoton graph states generation

Leonardo Ruscio,'’ * Philip Thomas,' Olivier Morin,' and Gerhard Rempe'

! Maz-Planck-Institut fir Quantenoptik
Hans-Kopfermann-Strafle 1, 85748 Garching Germany

Generating multiphoton entangled states is an essential step for the utiliza-
tion of quantum information protocols such as measurement-based quantum
computation (MBQC). So far, the most widely employed source of entan-
gled photons has been spontaneous parametric down conversion, where scal-
ing up to larger photon numbers is dramatically limited by the intrinsically
probabilistic nature of the photon emission process. We now experimentally
demonstrate [1] the feasibility of a single Rubidium atom in an optical cavity
(Fig.1.a) as a highly efficient source of multiphoton graph states. We use
the atom to mediate the entanglement generation between the photons and
we efficiently grow GHZ states of up to 14 photons and linear cluster states
of up to 12 photons. With an overall generation, propagation and detection
efficiency of 43% per photon (Fig.1.b), our experiment opens a way towards
scalable MBQC, where our scheme could be extended to multiple atoms in a
cavity in order to generate higher-dimensional cluster states[2].
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FIG. 1. a) An atom is trapped in an optical cavity and multiple laser beams drive
Raman transitions, perform single qubit rotations and produce single photons. The
photons are measured with a setup that can switch between two settings of the
measurement basis. b) Scaling of the coincidence rate for a N-photon state. Our
data are in blue (GHZ) and red (cluster).

(1] P. Thomas et al., Nature 608, 677-681 (2022).
[2] Russo, A. et al., New J. Phys. 21, 055002 (2019).
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A quantum frequency converter for the connection of
rubidium atoms in a cavity over long distances

Maya Biiki,! * Emanuele Distante,! and Gerhard Rempe!

! Mag-Planck-Institute for Quantum Optics
Hans-Kopfermann-Str. 1, 85748 Garching, Germany

Rubidium (Rb) atoms in a cavity are a promising platform for realising
long-distance quantum networks as the atomic ground states can be efficiently
entangled with optical photons [1]. However, photons entangled with Rb
atoms are typically at a wavelength (Agy, = 780 nm) which is unfavourable
for long-distance communication due to intrinsic fiber losses in this regime. To
efficiently transport the quantum information encoded in optical polarisation
qubits over long distances, wavelength conversion to the telecom regime (A =
1460 - 1565 nm) is necessary.

Here, we demonstrate such a polarisation conserving quantum frequency
converter (QFC) in a Sagnac configuration [2] and investigate the possibili-
ties of increasing the signal-to-noise ratio (SNR) by choosing a suitable final
wavelength. Provided a good SNR and high fidelities can be achieved, the
QFC represents one of the many necessary building blocks to establish a long
distance quantum network. Furthermore, it can be used to connect diverse
platforms operating at different wavelengths, with the goal to form a hybrid
quantum network which takes advantage of the specific capabilities of each
subsystem.

[1] A. Reiserer, G. Rempe, Rev. Mod. Phys. 87, 1379 (2015).
[2] R. Ikuta et al., Nat. Commun. 9, 1997 (2018).
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Entanglement Distribution - Towards a Suburban
Quantum Network Link

Pooja Malik,">2 * Yiru Zhou,"? Florian Fertig,!»? Anastasia Reinl,! 2
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! Fakultdt fiir Physik, Ludwig-Mazimilians- Universitit, Munich, Germany

2 Munich Center for Quantum Science and Technology (MCQST), Munich, Germany
3 Maz-Planck Institut fir Quantenoptik, Garching, Germany

A quantum network comprises of multiple quantum nodes which are capable
of storing and processing quantum information and which are connected by
links to share entanglement between them. A crucial task for such a quantum
network is to distribute entanglement between any of these quantum nodes,
also over large distances. For this, a quantum node requires an efficient light-
matter interface, long coherence times, and connection to a low-loss quantum
channel.

Here we present a neutral atom-based quantum node with 7 ms coher-
ence time. We prolong the coherence time of the memory by employing a
state-selective Raman transfer that changes the encoding of the atomic qubit
[1]. Moreover, efficient polarization-preserving quantum frequency conversion
provides a telecom interface for the quantum memory and hence minimizes
photon loss in optical fibers [2]. This finally enabled us to show atom-photon
entanglement distribution over 101 km telecom fiber with a fidelity > 70.8%.

A future project is to generate heralded entanglement between a single-
atom at the MPQ [3] in Garching and a single-atom at LMU in downtown
Munich - approximately 14 km line-of-sight apart. We sketch the planned set-
up and give first estimates of fidelity and possible entanglement generation
rates.

[1] M. Korber et al., Nat. Photonics, 12 12, 18-21 (2018).
[2] T. van Leent et al., Phys. Rev. Lett. 124 010510 (2020).
[3] M. Brekenfeld et al., Nat. Physics 16 647-651 (2020).
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Cavity-mediated interactions between pair of atoms and
generation of entangled states of bosons in an optical
cavity

Sankalp Sharma,’ * Jan Chwedenczuk,? and Tomasz Wasak!"
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Nicolaus Copernicus University, ul. Grudzigdzka 5, 87-100 Torun, Poland
2Faculty of Physics, University of Warsaw,
ul. Pasteura 5, PL-02-093 Warszawa, Poland

The development of quantum technologies, such as quantum-enhanced
metrology, relies on generation of nonclassical states of matter or light. A
promising route for tuning the interactions between atoms is offered by pho-
ton exchange in optical cavities as it leads to effective long-range interactions
that competes with short-range van der Waals potential.

Recently, formation of pair-polaritons formed by strong coupling between
cavity photons and pairs of atoms in an ultracold atomic gas was experimen-
tally demonstrated [1]. In our study we extend this concept to cavity-mediated
interactions between pair of atoms and investigate their induced effective in-
teractions. We show that coupling cavity photons to molecular states in the
dispersive regime generates short-range interactions that are sensitive to the
state of photons.

We investigate the application of our approach on atoms confined in a
double well potential within an optical cavity. We show that the effective in-
teraction can be a source of nonclassical states of light and enable control over
generation of entangled states of atoms. Our findings provide novel insights
into formation of correlated states of matter with potential applications in
quantum technologies.

[1] H. Konishi, K. Roux, V Helson, J.-P. Brantut, Nature 596, 509 (2021)

*

sankalp.sharma@doktorant.umk.pl
T twasak@umk.pl 119



Talk Session Quantum Information Back To Short Abstract

Optical spectrum to position converter for
spectro-temporal processing based on quantum memory

Stanistaw Kurzyna,' 2 * Marcin Jastrzbski,!'? Bartosz
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! Faculty of Physics, University of Warsaw,
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Spectro-temporal processing of light plays a crucial role in quantum optics
and quantum communication. Reconstruction of the spectral profile of im-
pulse is the basic tool in spectroscopy. Here we propse a protocol that allows
performing spectrum-to-position mapping. The experiment is based on gra-
dient echo quantum memory (GEM) in ultracold rubidium-87 atoms. Atoms
are trapped in magneto-optical trap (MOT) and slowed to the temperature
of few micro kelvins. The memory utilizes two-photon Raman transition to
map signal pulse onto atomic coherence. During the write-in process, atomic
ensamble is placed in constant magnetic field gradient allowing for frequency-
to-position mapping along the propagation axis, thus different frequencies are
absorbed into different parts of the atomic cloud. By illuminating atoms with
far detuned beam we implement ac-Stark shift which allows as to impose spec-
tral phase onto stored optical pulse, making different frequencies be emitted
at different angles. This way we separate them in the far field of the ensem-
ble and allow spectrally resolved detection. To characterize the converter we
utilized custom sCMOS camera with image intensifier sensitive to single pho-
tons, making this protocol suitable for single-photon-level pulses. We have
achieved a spectral resolution of 150 kHz that is unachievable for diffraction
grating spectrometers.

1‘2:-Qkurzyna@centluw.edu.pl
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Automated characterisation of alkali vapour-cells for
magnetometry

Leigh Page,’> * Thomas Coussens,! Michael Woodley,!
William Evans,! Fedja Orucevic,! and Daniel Nightingale!

Y University of Sussex
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The sensitivity of optically pumped magnetometers (OPMs) have matched
and even surpassed that of superconducting quantum interference devices
(SQUIDs) [1], with a number of advantages including its lack of required cryo-
genic cooling, increased portability and reduced maintenance costs. This has
brought about an increase of interest in the technology. Applications in mag-
netic imaging, such as medical magnetoencephalography (MEG) or current
density imaging in electric vehicle batteries, require many sensor channels to
create detailed maps of magnetic fields. One crucial component in the sensor
head is the atomic vapour cell. Such cells can be manufactured at large scales
using standard silicon microfabrication techniques. To analyse the quality
of a large number of microfabricated cells, we developed a system consisting
of an open source multipurpose 3-axis robot, mounted with a transmission
spectroscopy setup, enabling the scanning of multiple cells in sequence via
computer commands. The absorption lines in the scan can then be fit to
linewidth broadening models, providing insight into the internal conditions of
the cells. The automated quality analysis with our robotic system allows the
calibration of manufacturing processes and selection of the vapour cells with
desired parameters to be used in high-performance magnetometers.

[1] Kominis, I. K. et al., ”A subfemtotesla multichannel atomic magnetometer”,
2003 Macmillan Magazines Ltd., (Apr. 2003), pp. 596-599. issn: 1476-4687. doi:
10.1038 /nature01484 (visited on 02/13/2023).
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Neutral Atoms in Tweezer Arrays for Rydberg Hybrid
Quantum Computing
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Neutral atoms trapped in optical tweezers show promise as an implemen-
tation of quantum computation. For example, the number of qubits can be
scaled naturally by increasing the tweezer laser power.

In Eindhoven, we are constructing a tweezer machine that features strontium-
88 atoms in an array of optical tweezers. The chosen qubit states are 1Sy
and 2Py, which are connected by the doubly forbidden clock transition. Site-
selective control of the clock laser onto the qubits will be done with the help
of acousto-optic deflectors. Entanglement will be generated by coupling the
3P, state to a 3S; Rydberg state using 317 nm laser pulses.

The quantum processor will run hybrid variational type algorithms, for
example pulse-based optimization algorithms, whereby the quantum processor
runs in tandem with a classical processor. On the poster, we will show recent
progress towards this goal: we elaborate on the design of the apparatus and
show experimental results on trapping ultra-cold strontium atoms in “blue”
and “red” magneto-optical traps (see fig. 1).

Sr blue MOT

FIG. 1. Picture of the current state of our experiment, with a magneto optical trap
(MOT) on the strontium-88 blue transition.

122
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Building a commercial quantum computer

Neta Ilan,'>* Gadi Afek,! and Amit Ribak!

! Quantum Art Ltd.
13 FEinstein Street, 7403682 Nes-Ziona, Israel

Trapped ions are among the leading candidate platforms for the implemen-
tation of quantum computation and simulation. This is primarily attributed
to their high controllability, long coherence times due to strong isolation from
the environment and natural all-to-all qubit connectivity.

Among the major challenges facing the field of trapped ion quantum com-
putation are scallability, robust high fidelity entangling gates and real-time
quantum coherent feedback.

Quantum Art, a spin-off start-up company from the Ozeri group at the
Weizmann Institute of Science, Israel, is a full-stack quantum computing sys-
tems company, based on trapped ion qubits [1, 2].

In my poster I will showcase the fundamental building blocks of a trapped
ions quantum computing system, as well as some of the challenges in realizing
such systems.

[1] T. Manovitz et al., PRX Quantum 3, 010347 (2022).
[2] Y. Shapira et al., Phys. Rev. Lett. 130 030602 (2023).
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A new ytterbium experiment for single-atom resolved
many-body physics

Alessandro Muzi Falconi,' * Omark Abdel Karim,?3 Riccardo
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! Dipartimento di Fisica, Universita degli Studi di Trieste, 84127 Trieste, Italy
2 Dipartimento di Fisica “Ettore Pancini”,
Universita degli Studi di Napoli Federico II, 80138 Napoli, Italy
3 Istituto Nazionale di Ottica del Consiglio Nazionale
delle Ricerche (CNR-INO), 34149 Trieste, Italy
1State Key Laboratory of Quantum Optics and Quantum Optics Devices,
Institute of Laser Spectroscopy, Shanxi University, Taiyuan, 030006, China.

Cold atomic systems provide a unique playground for exploring quantum
many-body phenomena, owing to an exceptional control over Hamiltonians
and to their long coherence times. Novel techniques for the manipulation
and detection of individual atoms have recently allowed to further increase
the degree of control to the single-atom level. In particular, optical tweezer
arrays allow the realization of programmable quantum systems for exploring
quantum simulation and quantum information schemes. Here I will report
on the ongoing development of a new ultracold atom experimental apparatus,
where we will employ optical tweezers to manipulate and detect individual
ytterbium atoms. Such degree of control will allow us to engineer artifi-
cial quantum systems for investigating mesoscopic many-body systems with
a bottom-up approach. The peculiar features of ytterbium make it ideal for
tackling open questions both in quantum impurity problems and collective
light-matter interactions. The long-lived clock state provides a natural choice
for the implementation of orbital impurities, displaying either ferromagnetic or
antiferromagnetic coupling to ground state atoms as well as optically tunable
mobility. We will trigger and monitor the dynamics of many-particle systems
with the precise tools of two-electron atoms interferometric spectroscopy. We
will also exploit the rich internal structure of ytterbium to isolate two and
three-level systems which show great potential to implement new laser cool-
ing schemes and collective atoms-light interactions.

¥2essandrothomas. muzifalconi@phd. units. it; https://www2.units.it/arquslab/
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Atomic Mach-Zehnder Interferometer with Trapped
Bose-Einstein Condensates

Andrea Santoni'’ * and Marco Fattori

! Department of Physics and Astronomy,
University of Florence, 50019 Sesto Fiorentino, Italy.

Trapped atom interferometers are important tools for the measurements of
forces with high spatial resolution. My work is based on the realization of a
Mach-Zehnder interferometer with Bose-Einstein condensates of 3°K trapped
in double-well potentials (DWs). The DWs are obtained with an innovative
optical potential [1] that uses the superposition of three standard optical
lattices with commensurate wavelengths. That allows to implement three
identical DWs working simultaneously. Having more than one correlated
interferometers is useful, since it’s possible cancel out the effect of common
sources of noise acting on the three DWs via differential analysis and relize a
trapped atom gradiometer.

In our system we can finely tune interactions via a broad Feshback resonance,
changing the two-body scattering length from positive to negative values.
This allows us to operate the interferometer without interactions and with
long coherence times.

We are also working on the possibility of generate number squeezed states in
our system introducing repulsive interactions. Exploiting non classic states
at the interferometer’s input will allow us to enhance the sensitivity of our
sensor beyond the standard quantum limit.

[1] Masi, L., et al. ”Spatial bloch oscillations of a quantum gas in a “beat-note”
superlattice.” Physical Review Letters 127.2 (2021): 020601..
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Investigation of the generalized Euler characteristic of
microwave networks split at edges
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Quantum graphs are networks of bonds and vertices that provide an effi-
cient model system for studying quantum dynamics in closed and open sys-
tems with chaotic classical behavior. In current study, We show that there is a
relationship between the generalized Euler characteristic &£,(|Vp,|) of the orig-
inal graph that was split at edges into two disconnected sub-graphs i = 1,2
and their generalized Euler characteristics &;(|Vp,|). Here, |Vp, | and |Vp,]
denote the numbers of vertices with the Dirichlet boundary conditions in the
graphs. Theoretical predictions are verified experimentally using microwave
networks which simulate quantum graphs. We demonstrated that the evalu-
ation of the generalized Euler characteristics &,(|Vp,|) and & (|Vp,]|), i = 1,2
allow us to determine the number of edges where the two subgraphs were
initially connected.

[1] Michal Lawniczak et al., Sci. Rep. 11 15342 (2021).
[2] Omer Farooq et al., Phys. Script. 98, 024005 (2023).
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Quantum Computing Demonstrator based on neutral
Strontium-88
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Alkaline earth atoms trapped in arrays of optical tweezers are a promising

platform to realize quantum computers and quantum simulators. Based on a
long history in realizing optical atomic clocks, qubits can be encoded between
the ground and excited clock state of Strontium-88. Interactions between
individual atoms as well as two-qubit gates can be induced by coupling to
highly-excited Rydberg states. However, up to now, the sizes of arrays that
were prepared as well as the limited two-qubit gate fidelity have prevented
reaching the regime where classical computers are outperformed.
Within this project, we aim at overcoming both of these limitations by re-
alizing an array of up to 400 qubits with single qubit control and two-qubit
gate fidelities exceeding 99%. The technical developments to achieve these
goals will be undertaken within the Munich Quantum Valley initiative to-
gether with several partners in industry and academia. Our work will bring
neutral-atom quantum computers en par with other approaches and open the
path to running quantum algorithms in a classically intractable regime.

* kevin.mours@mpq.mpg.de; https://www.mpq.mpg.de 127
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Trapped ions in optical tweezers

N.A. Diepeveen,’ * R. X. Schiissler,! M. Mazzanti,! Clara R. Pereira,!
Z. Ackerman,'! L.P.H. Gallagher,! A. Safavi-Naini,! and R. Gerritsma'

Institute of Physics, University of Amsterdam
Science Park 904, 1098 XH Amsterdam, The Netherlands

Quantum simulation provides insight into the dynamics of complicated sys-
tems through more controllable ones. We plan to implement a novel platform
for quantum simulation using 2-dimensional '"'Yb™T ion crystals in a Paul
trap with optical tweezers [1]. The hyperfine splitting of the ground state of
the ions is used as a qubit transition and the interaction between the qubits
is mediated by the phonon modes in the crystal. The optical tweezers provide
an additional trapping potential thereby changing the phonon mode spec-
trum. We can thus increase the range of Hamiltonians which are otherwise
not accessible [2].

We are using a high power infrared laser far detuned from any transition
which creates a deep trapping potential while keeping the photon scattering
rate to a minimum. The tweezer pattern is generated by a Spatial Light
Modulator. In this poster, I will describe the experimental setup and the
creation and optimisation of the tweezer pattern.

[1] J.D. Espinoza, M. Mazzanti, K. Fouka, R.X. Schiissler, Z. Wu, P.Corboz, Phys.
Rev. A 104, 013302 (2021)

[2] L. Bond, L. Lenstra, R. Gerritsma, A. Safavi-Naini, Phys. Rev. A 106, 042612
(2022)
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Design of an optically pumped magnetometer based on
hot atomic vapor targeted at medical diagnostics

Philipp Neufeld,’?>* Dr. Janine Riedrich-Méller,! Dr. Tino
Fuchs,! Dr. Arne Wickenbrock,? and Prof. Dr. Dmitry Budker?

1Robert Bosch GmbH, Corporate Sector Advance Engineering, Germany
2HIM, Johannes Gutenberg University, Mainz, Germany

Optically pumped magnetometers (OPMs) pose an alternative to the con-
ventionally used superconducting quantum interference devices (SQUIDs) in
the field of diagnostic medicine. Many applications in this field require the
measurement of tiny magnetic fields, i.e., magnetoencephalography (MEG) or
magnetocardiography (MCG)[1].

We demonstrate and compare several techniques for the development of
an optically pumped magnetometer (OPM) based on hot atomic vapor en-
closed in MEMS vapor cells which should ultimately be applicable for the
aforementioned medical diagnostics purposes. In addition to providing a the-
oretical description of the OPM dynamics and the overall working principle,
technical challenges that arise in the experimental realization of a laboratory
prototype are discussed. Several performance criteria[2] of the OPM such as
sensitivity and bandwidth are weighted against one another and the trade-offs
between those metrics are discussed, leading to a selection of different OPM
implementations.

[1] Tierney, T. M. et. al., Optically pumped magnetometers: From quantum origins
to multi-channel magnetoencephalography. Neurolmage (2019), 199, 598-608

[2] Fabricant, A. et. al., How to build a magnetometer with thermal atomic vapors:
A tutorial. New J. Phys. (2023), 25 025001
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Laser cooling alkali earth-like atoms and molecules in
the deep ultraviolet

L. Paldnki,'>* J. E. Padilla,2 S. Hofséss,? J. Cai,? C. Alarcon
Robledo,! R. Thomas,? G. Meijer,2 S. C. Wright,? and S. Truppe 2
LCentre for Cold Matter, Imperial College London
South Kensington Campus, London SW7 2AZ, United Kingdom

2 Fritz-Haber-Institute of the Maz Planck Society,
Faradayweg 4-6, 14195 Berlin, Germany

Ultracold molecules have been proposed as useful tools in many emerging
quantum technologies, such as quantum simulators [1], high-precision clocks
to search for variations in fundamental constants [2], as well as ultra-precise
sensors to probe new physics beyond the Standard Model of particle physics

In this work, we present our recent progress towards laser cooling Cd atoms
and polar AIF molecules in the deep ultraviolet near 228 nm. AlF is a very
promising candidate molecule to create an ultracold gas of polar molecules
at a high phase-space density using direct laser cooling. We produce the
molecules in a cryogenic helium buffer gas beam [4] and aim to capture and
cool them in a magneto optical trap (MOT), followed by narrow-line cooling
or sub-Doppler cooling. To test the deep UV laser systems, the slowing and
efficient capture from a pulsed cryogenic beam we use Cd atoms. Cd has very
similar properties to AlF, but is significantly easier to cool and trap. Here, we
present recent simulations of a Cd beam and compare them to the experiment,
investigating MOT capture velocities as well as efficiency of a Zeeman slower,
under various beam conditions.

A. Blackmore et al., Quantum Sci. Technol. 4, 014010, (2019)

G. Barontini et al., EPJ Quantum Technology 9, 12 , (2022)
N. J. Fitch, Quantum Sci. Technol. 6, 014006, (2021)

[4] S. C. Wright et al., Molecular Physics, €2146541, (2022)
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Table-top Ultra-stable Optical Cavity as a kHz
Gravitational Wave Bar Detector

Mateusz Naroznik,' * Marcin Bober,! and Michal Zawada'

Institute of Physics, Faculty of Physics,
Astronomy and Informatics, Nicolaus Copernicus University,
Grudziadzka 5, 87-100 Torun, Poland

We propose to use a cryogenic table-top ultra-stable cavity made from
present-day components as a resonant-bar detector with sensitivity superior
to other resonant-mass detectors in the kHz frequency regime. The cavity
bar-like resonator can be treated as a damped harmonic oscillator driven by a
gravitational wave (GW) force [1], where the gravitational radiation amplitude
is translated into the cavity length variation with known transfer function.
Using two perpendicularly positioned cavities we can measure the change in
length of one of them by reading out the beat note between the lasers locked
to the cavities modes. The ultimate detector’s limit is set by thermodynam-
ical fluctuations of the cavity elements (i.e. spacer, substrates and coatings)
which can be expressed quantitatively using fluctuation-dissipation theorem
[2].

We calculated GWs signals and strain sensitivities for different combina-
tions of the cryogenic single-crystal silicon cavities with crystalline coatings
[3]. We demonstrate that an ultra-stable cavity detectors with a spacer length
below 2 meters covers 2-20 kHz frequency spectrum. This range of GWs signal
is very promising for the observation of such sources as neutron stars merger
(NS-NS) [4], subsolar-mass (< 1Mg) binary black holes (BHs) merger [5], and
ultralight bosons (as axions and axion-like particles) formed through a black
hole superradiance [6]. The latter is one of the possible solution for the strong
CP problem [7] and dark matter puzzle [8].

[1] J. Weber, Phys. Rev. 117, 306 (1960).

[2] H. B. Callen and T. A. Welton, Phys. Rev. 83, 34 (1951).

[3] G. D. Cole et al., Nature Photon 7, 644—650 (2013).

[4] T. Kawamura et al., Phys. Rev. D 94, 064012 (2016)

[5] R. Abbott et al., Phys. Rev. Lett. 129, 061104 (2022).

[6] N. Aggarwal et al., Phys. Rev. Lett. 128, 111101 (2022).

[7] J. E. Kim and G. Carosi, Rev. Mod. Phys. 91, 049902 (2019).
8] K. S

. Jeong et al., JCAP 02 (2014) 046.
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Two-colour ultra-stable optical cavity

Adam Linek,! * Roman Ciurylo,! Michal Zawada,' and Marcin Witkowski®

Institute of Physics, Faculty of Physics, Astronomy and Informatics
Nicolaus Copernicus University in Torum,
Grudzigdzka 5, PL-87-100 Torur, Poland

We develop an ultra-stable optical cavity that operates at two wavelengths,
namely 1064 nm and 908 nm. The purpose of the dual-wavelength ultra-
stable optical cavity is to facilitate accurate spectroscopic measurements of
the narrow clock lines of Hg atoms.

In the context of a typical atomic clock, the ultra-stable optical cavity plays
an indispensable role. It facilitates tight stabilisation of the clock laser’s fre-
quency to the optical resonance of the cavity, which enables the transfer of
stability between the cavity length and the laser frequency. The spectral
narrowing of laser line offered by ultra-stable cavity can be also utilised for
various other studies. For instance, it can enable precise atomic spectroscopy
and accurate measurements of isotope shifts. This can serve as a foundation
for accurate studies of King plot linearity, a promising experimental tech-
nique for exploring new fundamental interactions. We have already applied
this method in isotope shift spectroscopy and the determination of nuclear
parameters of mercury [1, 2].

Significant improvement can be achieved by utilising the exceedingly narrow
transitions, namely 'Sq — 3Py and 'Sy — 3P,, which have natural linewidths
below 1 Hz [3]. To realise this, we have developed a dual-wavelength ultra-
stable optical cavity that can operate simultaneously at 1064 nm and 908 nm.

These wavelengths correspond to the Hg clock transitions at 266 nm and
227 nm before frequency quadrupling. The utilisation of the cavity enables
precise fundamental research based on King-plot analysis with isotopically-
rich cold mercury atoms [4], which holds promise for experimental verification
of the Standard Model [5].

. Witkowski et al., Opt. Ezpress 27(8), 11069-11083 (2019).
. Linek et al., Opt. Ezpress 30(24), 44103-44117 (2022).

. Hachisu et al., Phys. Rev. Lett. 100, 053001 (2008).

[4] M. Witkowski et al., Opt. Express 25, 3165-3179 (2017).

[5] J. C. Berengut et al., Phys. Rev. Res. 2, 043444 (2020).
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Differential Displacements in Multi-spatial Mode
Squeezed Light

Joseph Kelly" * and Vincent Boyer!

Y University of Birmingham
Edgbaston Birmingham B15 2TT UK

A coherent beam can be viewed as a continuous stream of photons travel-
ling through space. Assuming their generation is a random process and they
do not interact with themselves we can then intuit that the photon’s distribu-
tion is poissonian. This leads to random intensity fluctuations on the beam,
often referred to as shot noise; this is a limiting factor in many systems. A
technique known as squeezing can be used to drop this intensity noise, at
the expense of increasing phase noise. In this way, Heisenberg’s uncertainty
principle is still adhered to.[2]

In recent years, ways of producing squeezed light have been studied exten-
sively. One method, four wave mixing (4WM) in an atomic vapour, has been
shown to produce two beams with a correlated intensity distribution. There-
fore, the intensity difference between them is squeezed. Even localised regions
of the beams are correlated in intensity, so squeezing occurs in multiple spatial
modes within the beam. [1]

It is hopped that one day this MSM squeezing could be used to produce quan-
tumly enhanced images. However, there have been significant challenges in
realising this. This is believed to be due to a differential displacement caused
by the 4WM process itself. This leads to the correlated regions not being
in an expected place in each beam. As such, the focus of this work largely
concerns the identifying and untangling this phenomena.

REFERENCES

[1] M. T. Turnbull et al. “Role of the phase-matching condition in nondegenerate
four-wave mixing in hot vapors for the generation of squeezed states of light”.
In: Physical Review A 88.3 (Sept. 2013). DOI: 10.1103/physreva.88.033845.
URL: https://doi.org/10.1103%2Fphysreva.88.033845.

[2] A. I Lvovsky. Squeezed light. 2016. arXiv: 1401.4118 [quant-ph].
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Quantum Degenerate Mixtures of Cs and Yb: Beyond
Mean Field Physics

Joe T. Bloomer,!* Tobias Franzen,! Jack D.
Segal,! Simon L. Cornish,! and Kali E. Wilson?

L Joint Quantum Centre Durham-Newcastle,
Department of Physics, Durham University,
South Road, Durham DH1 3LE, UK
2 Department of Physics, University of Strathclyde, SUPA, Glasgow G4 ONG, UK

Dual-species ultracold atom mixtures are a useful platform for studying
quantum fluids, the mean field of which are encapsulated in the Gross-
Pitaevskii equation. Beyond mean-field effects, such as those described by
the famous Lee-Huang-Yang (LHY) term [1], are usually obscured by the
stronger mean-field interaction. However, through careful control of the in-
terspecies and intraspecies interactions in a two-species quantum degenerate
gas, the dominant mean-field interaction can be nulled, allowing studies of
the quantum fluctuations described by the LHY term. This can lead to novel
bound states such as the formation of self-bound quantum liquid droplets [2].

We present details of our experiments on quantum degenerate mixtures of
Caesium and Ytterbium. The highly tuneable intraspecies scattering length
of Cs as well as the many available Bosonic and Fermionic isotopes of Yb
allow us to study Bose-Bose and Bose-Fermi mixtures of Yb and '33Cs over a
range of interspecies scattering lengths. We demonstrate the producion of a
dual-degenerate gas of Cs and Yb atoms in a bichromatic optical dipole trap
[3] and explore its stability [4]. Additionally, we study the polarizability of Cs
in a tuneable 460nm optical lattice. We identify two tune out wavelengths[5]
where the polarisability of Cs is zero and describe how such wavelengths will
allow us to study quantum degenerate mixtures and droplet formation in
mixed dimensions.

[1] Lee, T. D. and Huang, Kerson and Yang, C. N., Physical Review 6, 1135-1145
(1957).

[2] G. Semeghi et al., Phys. Rev. Lett. 120, 235301 (2018).

[3] K. E. Wilson and A. Guttridge et al., Phys. Review A 103 033096 (2021).

[4] K. E. Wilson and A. Guttridge et al., Phys. Review Research 3 033096 (2021).
[5] B. Arora et al., Phys. Review A 84 043401 (2011).
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Stationary, dynamic and thermal properties of quantum
droplets

Maciej Barttomiej Kruk®: * and Piotr Deuar!

Institute of Physics, Polish Academy of Sciences,
Aleja Lotnikdw 32/46, 02-668 Warsaw, Poland

We present our findings with regards to quantum droplets that differ from
the usual extended form in 3D by being flattened, elongated, or at nonzero
temperature, but not yet in a hard low dimensional regime that would modify
the LHY term.

We compare the Bose-Bose droplet stability at zero and finite tempera-
tures. We demonstrate an effective low dimensional theory for description of
the quantum droplets in the flattened and elongated regimes. As a benchmark
of the effective theory, we studied droplet dynamics in the case of collisions,
showcasing similarities and differences compared to regular 3D droplet colli-
sions.

For finite temperature cases we show existence of a critical temperature
above which droplets exhibit finite lifespan.

* mbkruk@ifpan.edu.pl 135
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Rymax-One: A neutral atom quantum processor to
solve optimization problems

Silvia Ferrante,'> * Niclas Luick,! Benjamin Abeln,' Jonas Witzenrath,?
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Y University of Hamburg, 22761 Hamburg, Germany
2RPTU Kaiserslautern-Landau, 67663 Kaiserslautern, Germany

Quantum computers are set to advance various domains of science and tech-
nology due to their ability to efficiently solve computationally hard problems.
A particular interest is directed toward combinatorial optimization problems,
as their solution could provide the basis for optimal supply chains or efficient
vehicle routing. However, achieving a quantum advantage is still challenging
due to the quality and scale of the available quantum computing hardware.

Here, we present our project Rymax-One, which aims at building a neutral
atom quantum processor. More specifically, we will trap single '"YDb atoms
in arbitrary and reconfigurable arrays of optical tweezers, which will enable us
to have hardware efficient encoding of optimization tasks, qubit realizations
with long coherence times, Rydberg-mediated interactions and high-fidelity
gate operations to realise a scalable platform for quantum processing.

¥3ferrant@physnet.uni-hamburg.de
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Electromagnetically-induced transparency cooling for
ion-based qutrits
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One of the avenues to overcome the obstacles of scalability of quantum com-
puters is to use discrete d-level quantum systems known as qudits, which are
intrinsically present in most current quantum computing platforms. While
qudits offer significant additional computational resources and allow for the
natural implementation of a number of industrially relevant problems, the un-
derlying theory of designing qudit computational primitives and their exper-
imental implementation remain largely unexplored. An essential step for any
computation will require sub-dopper cooling of the qudits. Here, we design
and simulate an electromagnetically-induced transparency cooling scheme for
the 17Lut ion where hyperfine states in the ®D; level form a qutrit. More-
over, we propose a scheme based on mutually unbiased basis which can be
used for full-state tomography [1, 2].

[1] M. Qiao et al., Phys. Rev. Lett. 126, 023604 (2021).
[2] D. M. Appleby, AIP Conference Proceedings 1101 223 (2009).
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Quantum protactor

Arash Dezhang Fard,''* Marek Kopciuch,! Michal
Piotrak,? Kamil Korzekwa,! and Szymon Pustelny!

! Jagiellonian University, Faculty of Physics, Department of Quantum Optics
2 Imperial College London, Faculty of Natural Sciences, Department of Physics

Quantum metrology aims at precise measurements of physical quantities
using quantum-mechanical principles. The recent advancement of the field
originates from the development of more accurate and precise measurements
at a quantum level. For that, the creation and control of quantum states
sensitive to external perturbation are of a paramount importance.

Here, we present our experimental studies on the reconstruction of a quan-
tum protractor state of a spin-1 system [1], which is an optimal metrological
resource for detecting rotations. A unique property of such a state is that, un-
der rotations around three orthogonal axes by angles of 0, 27 /3, and 47/3, it
transforms into mutually orthogonal states. In our experiment, the protractor
state is generated in an F' = 1 ground state of a room-temperature 8’Rb va-
por, which is first optically pumped into m = 0 Zeeman sublevel, and then the
state is rotated by —m/4 around the z-axis and next by arccos(1/v/3) around
the z-direction. In such a way the atoms are prepared in the protractor state.

The protractor state properties are investigated using quantum-state to-
mography that is based on polarization rotation of linearly polarized probe
light traversing the vapor [2]. The tomography enables to verify the initial
protractor state, as well as investigate state of the ensemble after each in-
dividual rotation. We present that the coherence, which we measure during
experiment, encodes the entire information about axes and the angle of the
applied rotations. We thus demonstrate a preparation and full control of an
important quantum metrological resource state.

[1] Piotrak, Michal and Korzekwa, Kamil , In preparation.
[2] Kopciuch, Marek and Pustelny, Szymon, Physical Review A 106 022406 (2022).
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Optical tweezer arrays of alkaline earth-like ytterbium

atoms
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L Center of Optical Quantum Technologies
University of Hamburg, Luruper Chaussee 149, 22761 Hamburg
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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 [1].

Recently, alkaline earth (-like) atoms such as Ytterbium (Yb) and Stron-
tium (Sr) have shown to offer promising ways to overcome some of the main
challenges on the road to large scale, fully programmable quantum computers
with decent effective circuit depth. Triple optical trapping allows to extend
the coherence and lifetime of the involved Rydberg states dramatically, while
optical addressing of the second valence electron gives rise to additional ma-
nipulation and detection tools for these Rydberg states. Additionally, an op-
tical coherent qubit mapping scheme enables mid-circuit measurements and
advanced error correction techniques.

Here, we present our progress towards a fully programmable Yb quantum
computer, with emphasis on the generation and optimization of an arbitrary,
homogeneous optical tweezer array using a spatial light modulator (SLM),
as well as generating a movable dipole trap using acousto-optic deflectors
(AODs) for sorting of single atoms. We give an outlook on our envisioned
cooling and qubit manipulation schemes.

[1] M. Morgado and S. Whitlock, Quantum simulation and computing with rydberg-
interacting qubits, AVS Quantum Science 3, 023501 (2021).
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Individual cold atoms as single-photon detectors
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LIDAR and free-space optical communications applications require high de-

tection efficiency within a known detection band, together with high rejection
of out-of-band background light. An established solution is SPAD detection
after a Faraday atomic rotation optical filter (FADOF [1]), which employs
GHz-bandwidth optical resonances in atomic vapors. In systems with low
transmitter power and/or high link losses, detector dark counts can also be
a limiting factor. Here we study theoretically and experimentally the use of
laser-cooled single- or few-atom systems in optical microtraps as narrowband,
ultralow-dark-count photodetectors with absolute frequency stability. This
approach promises orders-of-magnitude improvement in dark counts and out-
of-band rejection relative to state-of-the-art FADOF-SPAD and also FADOF-
SNSPD, while preserving useful detection efficiency [2, 3]. These qualities are,
more generally, attractive for applications in which a low power signal must
be detected against a stronger optical background.
The solution we describe is a quantum jump photodetection (QJPD) tech-
nique for measuring single photons using a single neutral 87Rb atom in a
strongly-focused optical dipole trap [3, 4]. We report results for the main
dark count contributions: spontaneous Raman transitions driven by readout
light (which can be avoided by separating the detection and readout time
windows) and spontaneous Raman transitions driven by trap light (which is
unavoidable but gives dark count rates two orders of magnitude below that
state of the art single-photon detectors). We quantify the frequency selectiv-
ity with the equivalent noise bandwidth, which we find is up to two orders of
magnitude narrower than the best atomic filters.

[1] J. Zielinska et al., Opt. Lett. 37, 524 (2012).

[2] J. Kurz et al., Phys. Rev. A 93 062348 (2016).

[3] J. Piro et al., Nature Phys. 7 17 (2011).

[4] J. Bianchet et al., Phys. Rev. Research 4 1.042026 (2022).
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3D Anderson transition with ultracold atoms
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! Institut d’Optique, université Paris-Saclay
2 avenue Augustin Fresnel, 91127 Palaiseau, France

The study of disordered systems with ultracold atoms has attracted much
attention over the past decade, particularly to investigate the Anderson tran-
sition that occurs in three-dimensional systems between localized and diffusive
states. However, significant discrepancies have been reported between exper-
iments and numerics about the precise location of the mobility edge (energy
of the transition), rendering new investigations desirable.

In this poster session, we will present recent progress along that line, in-
cluding measuring the spectral functions in laser speckle disordered potential,
the configuration of double speckles, and the controlled spectroscopic transfer
of atoms to create well-defined energy states. By scanning the energy across
the mobility edge, this method enables precise measurement and direct ob-
servation of the 3D Anderson transition, which enhances our understanding
of the critical regime. Preliminary measurement applying this method has
shown promising results of mobility edge. [1, 2].

[1] B. Lecoutre et al., Eur. Phys. J. D (2022) 76: 218.
[2] V. Volchkovet al., Phys. Rev. Lett. 120 , 060404 (2018).
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Coherent transmission of light through a dense cloud of
cold atoms
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The main objective of this research is to study a particular case of the light-
matter interaction: light diffusion in dense samples. In dense clouds, short-
range atomic interactions cannot be neglected and in these systems we can
observe the emergence of collective effects such as sub or super radiance [1]. In
this work, an experimental arrangement is proposed to obtain a dense cloud
of 88Sr and then study collective effects in that ensemble of atoms. The first
experiments to be carried out consist in measuring the coherent transmission
of a low intensity beam by the cloud [2]. For this, we will use an incident
light close to the resonance with a J = 0 < J = 1 88Sr transition. Once
experimentally detected the coherent optical response of the dense cloud, we
will make a comparison of the results with what it is expected by the theory
based on the Coupled-Dipole Model. [3].

Keywords: Dense regime, Optical Dipole Trap, Coupled Dipole Model.

[1] M. O. Aratijo et al., Phys. Rev. Lett. 117, 073002-1 (2016).
[2] S. Jennewein et al., Phys. Rev. A 97 053816-1 (2018).
[3] P. W. Courteille et al., Furopean Physical Journal D 58 69-73 (2010).
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A Permanent Manget Based Zeeman Slower
Cold Atom Source for Dysprosium

Niclas Hollrigl*: *
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A large portion of atomic physics experiments relies on the loading of atom
traps by cold atomic beams provided by either a Zeeman slower [1] or a two-
dimensional MOT [2]. We are working on the development of a permanent-
magnet-based Zeeman slower as a cold atom source for dysprosium (Dy) which
has not yet been realized with heavy lanthanides except ytterbium [3]. A
redesign of commonly used beam sources is beneficial regarding size, power
consumption, and maintenance. Our approach relies on magnetic rods of
custom shape and promises said improvements while severely reducing overall
complexity. A following two-dimensional MOT stage is planned to redirect the
atomic beam into any main experiment. Our work mainly consists of finding
the ideal design, magnet shape, and engineering techniques to provide a proof
of principle. We can already report promising results on the construction and
measurements of the final design. The device can then easily be adapted to
other atomic species and projects.

[1] W.D. Phillips, H. Metcalf, Phys. Rev. Lett. 48, 596 (1982).
[2] K. Dieckmann et al., Phys. Rev. A 58, 3891 (1998).
[3] E. Wodey et al., J. Phys. B: At. Mol Opt. Phys. 54, 035301 (2021).
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Atom interferometry with ultra-cold atoms onboard a
Zero G plane for space applications

Métayer Clément' *

'LP2N UMR 5298
Rue Frangois Mitterrand, 33400 Talence, France

The ICE project (Interférométrie & source Cohérente pour I’Espace) aims to
be a proof of concept for a space mission using quantum particles, i.e., atomic
clouds of potassium and rubidium in a matter-wave interferometer to test
the Weak Equivalence Principle in microgravity [2]. The whole experiment is
adapted to the Novespace Zero G aircraft that provides 22 s of microgravity
per parabolic trajectory. In parallel with the onboard experiments, a micro-
gravity simulator installed in the laboratory allows the sensor head (200 kg)
to be in weightlessness for 500 ms, with a high repetition rate. To increase
the interrogation time and the sensitivity of the measurement, the produc-
tion of ultra-cold sources in microgravity with all-optical methods is studied
both on the simulator and onboard the Zero G plane. In microgravity with
ultra-cold sources, a particular regime of atomic interferometry called double
diffraction takes place [1], which we study theoretically and experimentally
on the simulator. We report on the production of Bose-Einstein Condensates
(BEC) in microgravity both on the simulator and onboard the aircraft, and
on our first results of interferometry in the double diffraction regime .

[1] Léveque, T et al., Enhancing the Area of a Raman Atom Interferometer Using
a Versatile Double-Diffraction Technique, Phys. Rev. Lett. 103, 080405 (2009)

[2] Barrett,B et al., Testing the universality of free fall using correlated 39K-87Rb
atom interferometers, AVS Quantum Science (2022)

¥4dement. metayerQ@institutoptique.fr; https: / /www.coldatomsbordeaux.org/ice
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One-dimensional Bose gas with an atom chip

Manon Ballu,'’ * Aurélien Perrin,! Thomas Badr,'! and Hélene Perrin'

! Laboratoire de Physique des Lasers, Université Sorbonne Paris Nord
99 avenue Jean-Baptiste Clément 93430 Villetaneuse, France

One-dimensional (1D) interacting Bose gases offer a richness of physical
regimes with striking specificities compared to three dimensions. For instance,
in the strongly interacting regime, appearing at low temperature and large
interactions, the hamiltonian of the system can be mapped into the one of
non-interacting spinless fermions [1].

In order to access such physics, we have built a cold atoms experiment at
Laboratoire de Physique des Lasers, relying on an atom chip, which allows
for very anisotropic magnetic confinements. We are now able to reach a
degenerate regime where the atoms occupy the transverse ground state of the
trap and the physics is effectively 1D, in the weakly interacting regime.

In order to be able to reach the strongly interacting regime, a control
over the atomic interactions is required. To this end, we plan to rely on
a microwave-induced Feshbach resonance [2]. The atom chip encompasses a
microwave waveguide allowing to reach large microwave amplitudes in the
near field, needed to enlarge the width of the resonance. We are currently
trying to locate the resonance and characterize it.

[1] M. Girardeau, J. Math. Phys. 1, 516 (1960).
[2] Papoular D.J et al. J. Phys. Rev. A 81.041603 (2010)

*
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Developing a Bose-Einstein condensate microscope

Poppy Joshi,* Shobita Bhumbra, Julia Fekete, and Fedja Orucevi¢
Department of Physics and Astronomy,
University of Sussetz,
Brighton BN1 9QH,
United Kingdom

Bose-Einstein condenstaes (BECs) are highly sensitive to magnetic fields in
their environment. This property makes them an ideal probe for a microscope
that maps the magnetic field distribution or current density in 2D samples
such as novel nanomaterials. Our goal is to develop a BEC microscope which
can detect magnetic fields on the order of hundred picotesla, and map the
distribution of nanoampere currents with microscopic resolution. This combi-
nation of sensitivity and spatial resolution is not accessible with any existing
imaging methods.

In order to characterise the novel materials, the BEC must be brought
very close to the surface. In this region there is a large amount of scattering
of the laser light which presents challenges when imaging the atoms. We
present a novel imaging technique that eliminates imaging noise from the
scattered light. Rubidium atoms are excited using 420 nm laser transition
and their fluorescence is detected at 780 nm and 795 nm, allowing for efficient
filtering of scattered laser light. The imaging system is optimised for a long
working distance (13 cm) and 8x magnification, leading to a diffraction limited
resolution of 3 um.

FIG. 1. The fragmented BEC imaged on top of the nanotube sample. The BEC
fragmentation is caused by the magnetic fields generated by the current flowing
through the sample below.

* pj67@sussex.ac.uk; https://www.sussex.ac.uk/research/centres/quantum-systems-and-
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Cold atom preparation for squeezed state atom
interferometry

Edward Gheorghita!** and Onur Hosten!

! Institute of Science and Technology Austria
Am Campus 1, 3400 Klosterneuburg, Austria

Atom interferometers are precise measurement tools which have an ex-
tended range of metrological applications. The sensitivity of a classical atom
interferometer, however, is fundamentally constrained by the shot-noise limit
(SNL). It has been shown that with quantum-correlated atomic ensembles
(spin squeezed states) one can surpass this limit [1]. In fact, many experi-
ments have pursued this route, with the largest reduction of spin variance in
an ensemble of 10° atoms being demonstrated in 2016 [2]. Even with this
progress, there has yet to be producible "metrologically useful states” ie. en-
tangled atomic ensembles which outperform their classical counterparts. In
Onur Hosten’s group, we plan to build an atom interferometer which utilizes
both cavity-mediated and quantum non-demolition spin squeezing. Prior to
loading the ring-cavity for the interferometry sequence it is necessary to pre-
cool the atoms with a magneto-optical trap - this was my primary objective
for the first semester. I will present the optimization and cooling techniques
we used which resulted in a temperature measurement of 5.6 micro-Kelvin for
8 million 8’Rb atoms.

[1] M. Kitagawa et al., Phys.Rev.A 47 5138 (1993).
[2] O. Hosten et al., Nature, 529 505-508 (2016).
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Sensing interactions in atomic quantum systems

Claudia Galantini,’>* Evan Ichir,! and Rianne S. Lous’

! Bindhoven University of Technology
De Zaale 1, 5612 AZ, Eindhoven, The Netherlands

Experiments that cool, trap, and control atoms, ions, and molecules pro-
vide a unique testbed. Hybrid ion-atom systems combine the well-controllable
platforms of trapped ions and ultracold quantum gases and link them together
by the intermediate-range ion-atom interaction. These quantum systems of-
fer opportunities for buffer gas cooling, quantum simulation of many-body
systems as well as for state-to-state quantum chemistry [1]. To fully benefit
from the combination, it is essential to understand, characterize, and control
the interactions between the atoms and ions. Therefore, at TU/e a new ex-
perimental setup is being build which combines a trapped ion — Yb™ - with
dipolar atoms - Dy. This poster reports on the development of its design and
how it can be used to sense interactions in these atomic quantum systems.

FIG. 1. CAD drawing of our designed ion trap. [2]

[1] R.S. Lous and R. Gerritsma, Ultracold ion-atom experiments: cooling, chemistry,
and quantum effects, AAMOP 71, 65 (2022).

[2] P. Weckesser, Feshbach resonances between a single ion and ultracold atoms, PhD
thesis, (2021).

¥48galantiniQtue.nl; https://www.tue.nl/sintags
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Rayleigh-Taylor instability in a phase-separated
three-component Bose-Einstein condensate

Arpana Saboo,'* Soumyadeep Halder,'
Subrata Das,® and Sonjoy Majumder®

! Department of Physics, Indian Institute of Technology Kharagpur
Kharagpur, West Bengal 721302, India

We investigate the Rayleigh-Taylor instability at the two interfaces in a
phase-separated three-component Bose-Einstein condensate in the mean-field
framework[1]. The subsequent dynamics in the immiscible three-component
condensate has been studied in detail for different cases of instigating the
instability in the system. The rotational symmetry of the system breaks
when the atom-atom interaction is tuned in such a way that the interface
between the components becomes unstable giving rise to non-linear patterns
of mushroom shapes which grow exponentially with time. We also identify
these non-linear patterns as the solutions of the angular Mathieu equation,
representing the normal modes.

[1] Arpana Saboo, 2023, arXiv preprint arXiv:2303.00797

* arpana.sabool2@kgpian.iitkgp.ac.in; https://arpanasaboo.github.io/site/ 149
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Optical Tweezer-Driven Gates on Trapped lons

Z.E.D. Ackerman,’* L.P.H. Gallagher,! M. Mazzanti,'
R.X. Schiissler,’ N. Diepeveen,! C. Robalo Pereira,’
A. Safavi-Naini,! R.J.C. Spreeuw,! and R. Gerritsma'

! Institute of Physics, University of Amsterdam
Science Park 904, 1098 XH Amsterdam, The Netherlands

Trapped ions are one of the most reliable systems for quantum computing,
due to their long coherence times, high fidelity and long-range interactions.
We plan to combine trapped "' Yb* ions with tightly focussed optical tweez-
ers to test a novel two-qubit gate [1]. This tweezer-driven gate promises a
high fidelity without needing ground-state cooling of the ions. The two-qubit
gate is based on the optical Magnus effect [2]: an ion will, depending on its
spin, be displaced off-axis by the strong polarization gradients of tightly fo-
cused optical tweezers. The optical tweezers thus couple the ion spin to the
ion motion Z;. Ions interact with each other through their collective motional
modes. Describing Z; only in terms of the center-of-mass eigenmode results
in an effective spin-spin Hamiltonian I:Ieff x 63)63) . This makes it possible
to implement a two-qubit phase gate. To test it, we will generate an array of
hollow tweezers on the ions using an Acousto Optical Deflector and a Spatial
Light Modulator, with an accurate alignment down to tens of nanometers.
These tweezers minimize photon scattering and AC Stark shifts. Moreover,
the proposed setup enables high control of the beam shape while allowing fast
switching between any ion pairs to implement the gates on. In this poster I
will describe the tweezer-gate architecture and the experimental setup.

[1] M. Mazzanti et al., arXiv: 2301.04668v1 (2023).
[2] R. Spreeuw, Phys. Rev. Lett. 125, 233201 (2020).

15fe.d.ackerman@uva.nl; http://hygs.nl/
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Extending Spin-Noise Spectroscopy with single photons
to the Poincaré sphere

Adria Medeiros Garay,! M. Gundin-Martinez,! E. Mehdi,!
D. Fioretto," N. Somaschi,>2 A. Lemaitre,’ I. Sagnes,’
N. Belabas,! O. Krebs,! P. Senellart,! and L. Lanco®:?
! Université Paris Saclay, Centre de Nanosciences et de Nanotechnologies,
CNRS, 91120 Palaiseau, France

2Quandela SAS, 10 Boulevard Thomas Gobert, 91120 Palaiseau, France
3 Université Paris Cité, 75018 Paris, France

An efficient, deterministic light-matter interaction is required to scale future
quantum networks. An important milestone is represented by the implemen-
tation of conditional operations on flying qubits with a single stationary qubit.
As our matter qubit candidate we use a single electron confined in an InAs
quantum dot (QD) embedded in an electrically contacted micropillar cavity.
The flying qubit is encoded by the polarization state of the incoming photons
that interacts with the spin degree of freedom of the confined electron.

In our work, we explore the interference between the reflected light from
the cavity and the QD emission, phenomena at the core of large polarization
rotations [1]. The system is under the influence of a transverse magnetic field
and we study how the reflected polarisation states are affected by the spin.
Detecting a first photon with a certain polarization modifies the spin state by
performing a projective measurement (Fig. 1). While the spin evolves back
to the stationary state, we monitor the polarization state of the reflected
photons in the Poincaré sphere, which directly translates the spin dynamics
in the Bloch sphere.

Polarization
anahyzer

FIG. 1. a) Scheme showing the principle of a measurement back action. b) Detecting
a photon in |¥4 > (resp. |¥, >) ideally projects the spin in | 1> (resp. | {>).

[1] E. Mehdi et al., arXiv:2212.03767 (2022). 151
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A study of spin diffusive modes in high pressure vapour
cells.

J. Nicholson,'>* C. Mishra,’ V. Guarrera,'
P.Bevington,? J.D. Zipfel,> and W. Chalupczak?
1School of Physics and Astronomy, University of Birmingham,
Edgbaston, Birmingham B15 2TT, United Kingdom

2 National Physical Laboratory, Hampton Road,
Teddington, TW11 OLW, United Kingdom

Gaseous mixtures of alkali-metal and noble gas atoms are widely used in
quantum optics and sensing due to the long-lived collective spin states of
such ensembles [1]. We have constructed a co-magnetometer in a Bell-Bloom
configuration using a glass cell containing Rubidium vapour mixed with a
high pressure Neon buffer gas located inside a 4 layer mu-metal magnetic
shield. In this setup, collisions between the alkali and the buffer gas have
been observed to modify the thermal motion of the spins, establishing a diffu-
sive regime where atoms arrange into distinct stable spatial modes within the
cell [2, 3]. These spatial modes each contribute to the overall signal, and the
collective spin dynamics are observed to be highly dependent on the overlap
between the spatial modes and the pump/probe beams. We analyse these
multi-mode dynamics, including the dependence on intensity and position
of the pump/probe beams, and investigate the appearance of a potential
coherent coupling between modes, resulting in non-trivial spin dynamics [4].
These results show that a multi-mode approach to the spin dynamics could
be powerful tool in enhancing the performance of sensing devices, and also
opens new avenues in quantum information and imaging with the realization
of such optically accessible localised spin modes.

(1] D. Budker, M.V. Romalis Nature Physics 3, 227 (2007).
(2] J. Skalla et al. Phys. Lett. A 226, 69 (1997)

[3] S. Knappe et al. New. J. Phys. 12, 065021 (2010)

[4] R. Shaham et al. Phys. Lett. A 102, 012822 (2020)
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Construction of a versatile Rydberg atom platform

Sven Schmidt,'>* Aaron Thielmann,! Suthep
Pomjaksilp,’ Thomas Niederpriim,! 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
quantum physics. These setups do not only feature single-atom control, ad-
ditionally exciting addressable atoms to Rydberg states introduces further
possibilities to study physical problems in different geometric configurations.

We plan to realize arbitrarily arranged two-dimensional arrays with up to
100 lattice sites, each of them containing one or a few atoms. The arrays
are holographically generated by an SLM in combination with a 1064 nm
YAG-laser. Via a two-photon Rydberg transition, we collectively excite the
atoms to Rydberg states. Due to the long-range character of the resulting
Rydberg interactions, an interaction of the atoms in and between lattice sites
is also intrinsically given. This setup is a prime candidate to investigate both
topological systems of single atoms as well as effects arising from many-body
properties in a controlled manner.

Adding controlled microwave transitions between different Rydberg states
and the incorporation of a second atomic species open up possibilities to study
even more complex physical systems in future research.

* schmidts@rptu.de; https://www.physik.uni-kl.de/ott 153
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Quantum simulation with Rydberg states of erbium
atoms

J. Hennebichler,"2'* H. Edri,! A. Ortu,? S. J. M. White," 2
D. Schneider Griin,! M. J. Mark,"»? and F. Ferlaino' 2

Institut fir Quantenoptik und Quanteninformation,
Osterreichische Akademie der Wissenschaften
Technikerstrafie 21a, 6020 Innsbruck, Austria

2 Universitdt Innsbruck, Institut fiir Experimentalphysik
Technikerstrafie 25, 6020 Innsbruck, Austria

Quantum simulation has become a promising avenue in research as it offers
an efficient way of studying complex systems and solving problems in quan-
tum physics. In this regard, lanthanide atoms provide an ideal platform for
quantum simulation thanks to their large number of optical transitions, their
anisotropic interaction properties, and their large spin space and magnetic
moment [1]. Combining these powerful properties with the newly-established
technique of optical tweezers provides exciting systems for quantum simula-
tion.

We present our on-going efforts in implementing a quantum simulator utilis-
ing Rydberg states of erbium in an optical tweezer array. In a recent work,
we have already identified hundreds of individual states in the erbium Ryd-
berg series [2]. Recently, we started loading erbium atoms into our currently
one-dimensional array of optical tweezers and we are now aiming towards
expanding this array to a two-dimensional one of arbitrary geometry using
a spatial light modulator (SLM). In the future, we want to superimpose the
optical tweezer array obtained by the SLM with a moveable optical tweezer
created by two AODs for rearrangement in order to create large-scale defect-
free optical tweezer arrays.

[1] M. A. Norcia and F. Ferlaino, Nature Physics 17, 1349-1357 (2021).

[2] A. Trautmann, M. J. Mark, P. Ilzhofer, H. Edri, A. El Arrach, J. G. Maloberti,
C. H. Greene, F. Robicheaux, and F. Ferlaino, F., Phys. Rev. Research 3, 033165
(2021).
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Atomic Frequency Comb Memory in Warm Rubidium
Vapour

Zakary Schofeild,'> * Alice Christan-Edwards,! Ori
Mor,! Vanderli Laurindo Jr,® and P. M. Ledingham!

L1. Department of Physics and Astronomy,
University of Southampton, Southampton SO17 1BJ, UK

Quantum memories are used as a means of scaling quantum networks.
Protocols based on warm atomic ensembles allow for a large number of atoms
with technical simplicity allowing for efficient operation at ambient temper-
atures. AFC is a photon echo quantum memory based on spectral shaping
of an in homogeneously broadened transition into a frequency comb with
spacing A [1].

A photon with a bandwidth equal to the width of the frequency comb can
be collectively absorbed. Once the photon is absorbed, the ensemble collects
phase, but due to the periodic structure of the combs the ensemble re-phases
coherently after a time equal to 1/A and the photon is re-emitted. Exper-
imentally, this comb structure is achieved my modulating the narrow band
laser in frequency space. We demonstrate this protocol in a warm Rubidium
Vapour using a 2ns pulse of light with a storage time of 7.5ns.

[1] Mikael Afzelius, Christoph Simon, Hugues de Riedmatten, and Nicolas Gisin
”Multimode quantum memory based on atomic frequency combs” Phys. Rev. A
79, 052329

* z.schofield@soton.ac.uk; https://hgnlab.com/ 155
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Towards a variable-geometry multiplexed strontium
optical atomic clock

Ivana Pulji¢,">* A. Cipris,! D. Kovaci¢,! D. Aumiler,! T. Ban,! and N. Santié¢!

! Institute of Physics
Bijenicka cesta 46, 10000 Zagreb, Croatia

In the last two decades, experimental platforms based on alkaline earth
atoms in optical lattices have developed rapidly. Current state-of-the-art op-
tical lattice clocks can reach levels of accuracy below 107'®, making these
clocks a unique platform for metrology and precision measurements. Mean-
while, in the last few years optical tweezers have pushed the possibilities of
single optical qubit control and detection, opening new research possibilities
for quantum simulation, quantum computing and metrology.

We are developing a new experiment with strontium atoms in optical lat-
tices in which we plan to combine the unique flexibility offered by techniques
used in optical tweezers with the high accuracy of 1D optical lattice clocks.
Here, we report on the current state of our experiment and offer an outlook
for our clock.

We also report on our measurements of the singlet 5s5p'P; — 5s55d' Dy
transition. Our data improves the frequency accuracy by several orders of
magnitude compared to previous measurements [1, 2].

[1] J. E. Sansonetti, G. Nave, J. Phys. Chem. 39, 033103 (2010).
[2] H. G. C. Werij et al., Phys. Rev. A 46, 1248 (1992).
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Towards Doppler Compensated
Cavity Based Atom Interferometry

Matthew Forward!:* and Michael Holynski'

Y University of Birmingham
Edgbaston, Birmingham, B15 2TT

A Mach-Zehnder type of atom-interferometer uses interference between dif-
ferent internal states of free-falling atoms to measure gravity, and has ap-
plications in civil engineering, navigation, and in fundamental physics such
as searches for dark matter, tests of the equivalence principle, and as a mid-
band gravitational wave detector [1]. A technique known as Large Momentum
Transfer (LMT) aims to increase the sensitivity of atom interferometers by
increasing the momentum separation between wavepackets by increasing the
number of Raman pulses applied during the measurement sequence [1]. Er-
rors due to wavefront inhomogeneity occur with every pulse, meaning efficient
LMT requires homogeneous wavefronts [1]. Since the optimal pulse length is
inversely proportional to laser power and the entire sequence has a limit on
free-fall time, the pulse power must be increased to reach higher momentum
separations. An optical cavity addresses these points by providing geometric
filtering of higher order modes and resonant power enhancement, allowing for
higher orders of LMT in a system with reduced size, weight, and power, and
correspondingly increased sensitivity [2, 3]. However, Doppler shifts induced
by gravity pull atoms away from the cavity resonance frequencies which must
be compensated for to preserve power enhancement. We propose the use of
an intra-cavity Pockels cell with a voltage-dependant birefringence to sweep
the frequency of orthoganally polarised cavity modes in opposite directions to
preserve the resonance condition for free-falling atoms [3].

[1] Bongs, K., Holynski, M., Vovrosh, J. et al. “Taking atom interferometric quan-
tum sensors from the laboratory to real-world applications.” Nat Rev Phys 1,
731-739 (2019). https://doi.org/10.1038/s42254-019-0117-4

(2] Dovale-Alvarez, M., Brown, D., Jones, A. et al. “Fundamental limitations
of cavity-assisted atom interferometry,” Phys. Rev. A 96, 053820 (2017).
https://doi.org/10.1103 /PhysRevA.96.053820

[3] Rustin Nourshargh, Sam Hedges, Mehdi Langlois, Kai Bongs, and Michael
Holynski, “Doppler compensation for cavity-based atom interferometry,” Opt.
Express 30, 30001-30011 (2022). https://doi.org/10.1364/OE.449873
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Towards a strontium Rydberg quantum simulator

Ana Pérez-Barrera,m * Martina D’Andrea,! and Leticia Tarruell 2
LICFO — The Institute of Photonic Sciences
Mediterranean Technology Park, Avinguda Carl Friedrich Gauss,

3, 08860 Castelldefels (Barcelona), Spain
2ICREA, Pg. Liluis Companys 23, 08010 Barcelona, Spain

Ultracold neutral atoms have proven to be a suitable quantum simulation
platform for the study of many-body physics. In the last decades, however,
an emergent platform which combines excited atoms to Rydberg states and
the capability of individually addressing them in optical tweezers has caught
a lot of attention [1]. The magnitude and tuneability of their interactions
makes them excellent to implement spin Hamiltonians, which is the long-term
goal of our experiment.

In this poster, we describe the first steps towards the construction of a new
ultracold atom experiment in which strontium Rydberg atoms will be trapped
in a programmable tweezer array. Firstly, we motivate the interest in stron-
tium Rydberg atoms. Then, we present an overview of the current status of
the design of the experiment including the vacuum system, the electromag-
netic field control and the system for laser cooling and trapping. Finally, we
discuss future plans on the construction of the apparatus and its applications.

[1] A. Broaweys, T. Lahaye, Nat. Phys. 16, 132-142 (2020).
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Ultracold & Ultrafast: Towards probing ultrafast
electron and ion dynamics of ionized ultracold quantum
gases

Amir Khan,!"* Mario Gromann,™?2 Julian Fiedler,!»? Jette
Heyer,"? Lasse Paulsen,! Klaus Sengstock,"? Markus Drescher,! 2
Philipp Wessels-Staarmann,? and Juliette Simonet! 2
L Center for Optical Quantum Technologies,

University of Hamburg, Germany
2The Hamburg Centre for Ultrafast Imaging, Germany

Ultrashort laser pulses provide new pathways for manipulating quantum
gases on femtosecond timescales. A single femtosecond laser pulse can ion-
ize up to several thousand atoms in a ®"Rb Bose-Einstein condensate, thus
triggering the formation of a strongly coupled ultracold plasma. The large
atomic densities combined with low ion temperatures (below 40 mK) result
in an ultrafast electron cooling from initially 5250 K to about 10 K within a
few hundred nanoseconds [1].

To further investigate these complex many-body systems as well as hybrid
quantum systems involving few ions, electrons and atoms a novel coincidence
unit consisting of an ion microscope and a velocity map-imaging (VMI) spec-
trometer has been developed [2]. With this detector, the ionization products
can be simultaneously detected with spatial resolution of the ions and the mo-
mentum resolution of the photoelectrons. Simulations for the ion microscope
suggest a resolution in the 100nm range, surpassing the optical resolution
limit of quantum gas microscopes.

[1] T. Kroker et al. ”Ultrafast electron cooling in an expanding ultracold plasma”,
Nature Communications 12, 596 (2021)

[2] J. Heyer, P. Wessels-Staarmann, and M. Drescher, EU Patent Application No.
22 183 392.4 (2022)

This work is funded by the Cluster of Excellence ’Advanced Imaging of
Matter’ of the Deutsche Forschungsgemeinschaft (DFG) EXC 2056 project ID
390715994 and the Cluster of Excellence 'The Hamburg Centre for Ultrafast
Imaging’ of the Deutsche Forschungsgemeinschaft (DFG) EXC 1074 project
ID 19465173.
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Optimizing Faraday Rotation Measurements on BECs:
Enhancing Precision through Frequency Control and
Noise Reduction

Diana Mendez,!» * Daniel Benedicto,?
Enes Aybar,’ and Morgan W. Mitchell®:2
LICFO- The Institute of Photonic Sciences
08860 Barcelona, Spain

2JCREA-Institucié Catalana de Recerca i Estudis Avangats
08010 Barcelona, Spain

Faraday rotation measurements (FRM) are highly valuable due to their
potential to behave as quantum non-demolition measurements under certain
conditions. This unique property enables a wide range of applications, includ-
ing magnetic field sensing, material characterization, optical isolation, and
quantum information processing. Moreover, applying FRM to Bose-Einstein
condensates (BEC) offers significant insights into the magnetic properties, dy-
namics, and quantum phenomena of the condensate.

To optimize FRM on a BEC, we have implemented an optical cavity that
maximizes the interaction between atoms and light. The cavity incorporates
lasers of two different wavelengths, namely 780nm and 1560nm. While the
stability of the optical cavity is maintained through the Pound-Drever-Hall
(PDH) technique using the 1560nm laser, the cavity itself is influenced by
environmental conditions due to a piezoelectric control mechanism. These
environmental variations introduce additional noise to the system by altering
the resonator frequency for the 780nm laser.

To address this challenge, we have developed a frequency locking system con-
trolled by an Arduino and equipped with a maximum search algorithm (MSA).
The implementation of this system has yielded promising results, reducing the
noise after the cavity by 15% compared to the system without the algorithm.
Consequently, we can approach the shot noise limit more closely, enhancing
the precision and sensitivity of our measurements.

By combining Faraday rotation measurements, optical cavities, and advanced
control techniques, we aim to advance our understanding of magnetic phe-
nomena, enable precise measurements, and explore the potential applications
of BEC in diverse fields of research.

¥eflana.mendez@icfo.eu;
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Variational Quantum states for Eigenstate
Thermalization Hypothesis violation in NISQ-era.

David Pascual Solis'* and Maciej Lewenstein®:2

LICFO- The Institute of Photonic Sciences
08860 Barcelona, Spain
2ICREA-Institucid Catalana de Recerca i Estudis Avangats
08010 Barcelona, Spain

This project investigates Quantum Many-Body Scars (QMBS) in a PXP
Model, capturing the Rydberg blockade phenomenon in a Rydberg chain.
QMBS has been shown to exhibit weak ergodicity breaking, indicating a weak
violation of the Eigenstate Thermalization Hypothesis (ETH). The project
utilizes hybrid quantum-classical machine learning techniques, specifically ap-
plying automatic differentiation methods and gradients of objective functions.
This allows for the discovery of the parametrized quantum circuit expression
of these states. The Variational Quantum Eigensolver (VQE) serves as an ex-
ample of such techniques. The project aims to find the optimal set of rotation
gates and parameters defining the target state, enabling their implementation
on a quantum computer. This work can be the first step in further studies in
order of understanding the thermalization dynamics of local observables and
the violation of the Eigenstate Thermalization Hypothesis.

* david.pascual@icfo.eu; 161
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Quantum Rayleigh-Taylor instability in two dimensional
Bose gases

Pedro H.C. Cook!' * and Patricia C.M. Castilho!

nstitute of Physics of Sdo Carlos, University of Sdo Paulo
Sdo Carlos, Brazil

Hydrodynamic instabilities are present in a wide variety of everyday phe-
nomena. Ocean waves, the organization of water droplets into a spider’s web,
and the mushroom clouds resulting from volcanic eruptions are all examples of
such instabilities. In the case of quantum fluids, quantum hydrodynamic in-
stabilities, analogous to those of classical fluids, are related to the superfluid
properties of these systems. An example in this direction is the quantum
Rayleigh-Taylor instability that can be systematically studied in ultracold
gas systems thanks to the high level of control and detection of these sys-
tems. [1] In this project, we propose to excite the quantum analogue of the
Rayleigh-Taylor instability in a two-dimensional degenerate Bose gas and the
subsequent study of the dynamics of the excitations arising from this insta-
bility. For this purpose, a new experimental system will be built combining
the latest technologies used in this type of experimental [2] system in order
to enable the creation of two-dimensional gases with tunable interaction and
subject to arbitrary potentials and perturbations, guaranteeing the necessary
conditions for the unprecedented observation of the Rayleigh-Taylor in this
context.

[1] SASAKI, K. et al.. Rayleigh-taylor instability and mushroom-pattern formation
i a two-component Bose-Einstein condensate. Physical Review A, American
Physical Society (APS), v. 80, n. 6, (2009).

[2] VILLE, J. et al.. Loading and compression of a single two-dimensional bose gas
in an optical accordion. Physical Review A, v. 95, n. 1, p. 013632-1-013632-7,
2017.

¥62drocook@usp.br



Poster Session 3 Back To Short Abstract

Dark Energy search using atom interferometry in
microgravity

Sukhjovan S Gill,">* Magdalena Misslisch,! Charles Garcion,’
Baptist Piest,’ Ioannis Papadakis,? Vladimir Schkolnik,?
Sheng-Wey Chiow,®> Nan Yu,® and Ernst M Rasel
Institut fiir Quantenoptik, Leibniz Universitit, Hannover, Germany 30167

2 Institut fiir Physik, Humboldt Universitit zu Berlin, Berlin, Germany 12489
3 Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, 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 hid-
den 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 field model for dark energy using Bose-Einstein Condensate of 8’Rb
atoms as a source in a microgravity environment. Einstein-Elevator provides 4 sec-
onds 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 gra-
dients and rotations via common mode rejection. The specially designed test mass
suppresses gravitational effects from self-mass and its environment[1]. This work will
further constrain thin-shell models for dark energy by several orders of magnitude.

[1] Sheng-wey Chiow, Nan Yu Phys. Rev. D 97, 044043 (2018).

* gill@iqo.uni-hannover.de 163
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Waveguide QED with Rydberg superatoms

Daniil Svirskiy,’> * Lukas Ahlheit,! Christoph Biesek,! Jan de Haan,'
Anthea Nitsch,! Nina Stiesdal,! and Prof. Sebastian Hofferberth®

! Institute of Applied Physics, University of Bonn
Wegelerstr. 8, 53115 Bonn, Germany

The field of waveguide QED investigates how light in a single mode propa-
gates through a system of localized quantum emitters. Such systems offer an
interesting platform for quantum nonlinear optics. We work towards realizing
a cascaded system in free space by using Rydberg superatoms as directional
effective two-level systems.

We realize these Rydberg superatoms by exploiting the Rydberg block-
ade effect of atomic ensembles. By confining N ~ 10.000 atoms to a single
blockaded volume, the ensemble only supports a single excitation creating
an effective Rydberg superatom. Due to the collective nature of the excita-
tion, the superatom effectively represents a single emitter coupling strongly
to single photons. 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 [1].

On this poster we demonstrate how a single Rydberg superatom strongly
couples to an incident low-photon light field and how the chain of such su-
peratoms can be used as a few-photon absorber in the fast dephasing regime
[2]. We show our progress towards implementing a magic-wavelength optical
lattice that will enable us to reduce the motional dephasing of the collective
excitation. This in turn will give us an opportunity to measure cascaded
interaction between Rydberg superatoms mediated by single photons [3].

[1] A. Paris-Mandoki et. al., Phys. Rev. X 7, 041010 (2017).
2] N. Stiesdal et. al., Nat. Comm. 12, 4328 (2021).
[3] K. Kleinbeck et. al., Phys. Rev. A 107, 013717 (2023).
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Strapdown multi-axis inertial quantum sensor

Cyrille Des Cognets, * Quentin d’Armagnac,? Vincent Jarlaud,?
Vincent Menoret,? Philippe Bouyer,?3 and Baptiste Battelier!

! Laboratoire Photonique, Numérique et Nanosciences (LP2N),
Université Bordeauz-IOGS-CNRS
1 Rue Frangois Mitterrand, 33400 Talence, France
2Erail, Institut d’Optique d’Aquitaine,
Rue Francgois Mitterrand, 33400 Talence, France
3Van der Waals-Zeeman Institute, Science Park 904,
1098XH Amsterdam, The Netherlands

The Joint Laboratory iXAtom (Bordeaux, France) brings together the
knowledge of Exail, an industrial expert in inertial navigation and industrial
quantum sensors, and the LP2N, a public laboratory specialized in atom
interferometry. The goal is to perform technological advances using cold
atoms to develop the next generation of inertial sensors for geophysics and
navigation applications. We build a compact and transportable 3-axis Ra-
man interferometry sensor. Our goal is to validate a ”strapdown” strategy by
tackling the issues of vibrations and rotations using hybridization.[1](FIG. 1)

I work on the hybridization of the inertial sensor with gyroscopes to com-
pensate rotation effects. We are performing a mirror orientation correction
stage and a phase correction stage to retrieve the atomic fringes and make
reliable acceleration measurements.|2]
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FIG. 1. The inertial sensor

(1] S.Templier et al., submitted
[2] P.Cheiney et al., Phys. Rev. 10 034030 (2018).

* cyrille.des-cognets@institutoptique.fr; https://www.linkedin.com/in/ cyrille-des—cognfe%
1bb823194/
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Quantum Thermodynamics in Ultracold Mixtures -
Towards Single Atom Quantum Heat Engines

Thomas Hewitt,' * Giovanni Barontini," and Manan Jain'

Y University of Birmingham
Edgbaston, Birmingham, B15 2TT, United Kingdom

Our experiment is devoted to the study of quantum thermodynamics and
aims to realise a single atom quantum heat engine. We take advantage of low-
field interspecies Feshbach resonances to control the interactions between an
ultracold atomic bath of 8’Rb and a single 'K atom which is trapped within
a species-selective optical tweezer. Engine cycles, including the Carnot, Otto
and Diesel engine can then be achieved by the implementation of basic quan-
tum thermodynamic transformations using these tunable interactions [1]. Our
current research probes how the feshbach resonances may behave differently
under our experimental parameters, and how these affect the thermalisation
of the single atom within the bath [2], alongside its uses in thermometry [3].

G. Barontini et al., New J. Phys. 21, 063019 (2019).

R. Sawant et al., Applied Science 11(5), 2258 (2021).
. Glatthard et al., PRX Quantum 3, 040330 (2022).
. Minoz et al., Phys. Rev. Lett. 125, 020403 (2020).

ENEONSN
o

}¥6xh689@student.bham.ac.uk; https://quantumsystemsbham.wixsite.com/home



Poster Session 3 Back To Short Abstract

A dipolar quantum gas microscope

Fiona Hellstern," * Kevin Ng,! Paul Uerlings,' Jens Hertkorn,!
Lucas Lavoine,! Ralf Klemt,! Tim Langen,! and Tilman Pfau!

15, Physikalisches Institut
Universitat Stuttgart, Pfaffenwaldring 57, 70569 Stuttgart, Germany

We present the progress of our quantum gas microscope which offers access
to study complex many-body quantum systems. The setup is capable of
single-site detection of ultra cold atoms in a two-dimensional optical lattice
and will enable quantum simulations of a wide variety of phenomena ranging
from quantum magnetism to lattice spin models. The single-site resolution of
our quantum gas microscope is combined with the long-range and anisotropic
interaction between higly magnetic dysprosium atoms, enabling a detailed
study of novel, strongly correlated phases. A high numerical aperture and
a spin and energy resolved super-resolution imaging technique allow us to
achieve single-site detection with 180 nm resolution. The short spacing of the
ultraviolet optical lattice increases the nearest neighbor dipolar interaction
strength significantly to be on the order of 200 Hz (10 nK) and allows us to
enter the regime of strongly interacting Bose- and Fermi-Hubbard physics
where next nearest neighbor interactions could become visible.

* hellstern@pi5. physik.uni-stuttgart.de; https://www.pi5.uni-stuttgart.de 167
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Towards a Sr Optical Lattice Clock

Antonio Estarellas Perales,! * Jestis Romero Gonzilez,!
Ignacio Cortés Delgado,! José Manuel Sudrez Ramirez de
Arellano,! Verénica Bazén Sudrez,! Juan Manuel Gonzéilez

Sanchez,! Jaime Cafranga Bohérquez,! Carmen Vélez Léopez,!

Héctor Esteban Pinillos,' and Héctor Alvarez Martinez!

! Real Instituto y Observatorio de la Armada (ROA)
Plaza de las Tres Marinas, 11100 San Fernando (Cddiz), Spain

As the Designated Institute for Time and Frequency Metrology in Spain,
ROA has recently started building up an optical lattice clock based on 87Sr
atoms. In this way, an entirely new optical infrastructure has been constructed
to host this new frequency standard where a frequency chain between the new
optical oscillators and the microwave frequency standards has already been
built and stays operational. We have also implemented a second ultra-stable
laser at 1396 nm setup that is locked to a very high finesse (> 400 000) cavity
equipped with crystalline mirrors. This constitutes the future clock laser at
698 nm (once frequency doubled) and features a fractional stability < 2 X
10715 at 1 s. Moreover, the first actions are currently being carried out to
face the coming cold atom stages. The characterization of the Sr oven is
presented. Finally, we present a preliminary model for the atom loading via a
permanent magnets Zeeman slower to the understudy magneto-optical trap.

¥6@starellas@roa.es
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Theoretical and experimental developments for a
continuous superradiant laser

Jana El Badawi," 2> * Martina Matusko,! Martin Hauden,! Sebastian
Ponciano-Ojeda,’ Bruno Bellomo,? and Marion Delehaye®:
! Université de Franche-Comté, SUPMICROTECH,
CNRS, Institut FEMTO-ST, F-25000 Besang¢on, France

2 Université de Franche-Comté, Institut UTINAM, CNRS UMR 6213,
Observatoire des Sciences de I’Univers THETA, F-25010 Besangon, France

Frequency standards based on atomic transitions in the optical domain can
reach remarkable fractional frequency stabilities of 1077 at one second of
integration [1]. Here, we present developments towards the realization of an
ultra-stable laser based on the phenomenon of superradiance [2]. An ultra-
stable superradiant laser consists of cold atoms confined within a mode of
a high-finesse optical cavity [3]. We present a theoretical description of the
system of atoms confined within the cavity using the open quantum systems
formalism. We also discuss preliminary numerical simulations exploring the
steady-state superradiance in the parameter space [4]. We finally report on
the preparation of cold '"'Yb atoms and discuss current developments for an
optical transport of the atoms to a high-finesse Fabry-Perot cavity.

[1] B. Bloom et al., Nature (London) 506, 71 (2014).

| R. H. Dicke, Phys. Rev. 93, 99 (1954).

[3] M. A. Norcia et al., Phys. Rev. X 8, 021036 (2018).

] D. Meiser et al., Phys. Rev. Lett. 102, 163601 (2009).

* jana.elbadawi@femto-st.fr
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Spin- and momentum-correlated atom pairs mediated by
photon exchange

Jacob Fricke,! * Fabian Finger,! Rodrigo Rosa-Medina,! Nicola Reiter,!
Panagiotis Christodoulou,! Tobias Donner,! and Tilman Esslinger!

Y Institute for Quantum Electronics,
ETH Ziirich, 8093 Ziirich, Switzerland

Quantum correlations among the constituents of many-body systems deter-
mine their fundamental properties. With their pristine control over external
and internal degrees of freedom, Quantum gases offer a versatile platform
to manipulate and detect such correlations at a microscopic level. Here, we
report on observing correlated atomic pairs in specific spin and momentum
modes. Our implementation relies on Raman scattering between different
spin levels of a spinor Bose-Einstein condensate induced by the interplay
of a running-wave transverse laser and the vacuum field of an optical cav-
ity. Far-detuned from Raman resonance, a four-photon process gives rise to
collectively-enhanced spin-mixing dynamics. We investigate the statistics of
the produced pairs and explore their non-classical character through noise
correlations in momentum space. Our results demonstrate a new platform for
the fast generation of correlated pairs in a quantum gas and provide prospects
for matter-wave interferometry using entangled motional states. [1].

[1] Finger, F., Reiter, N., Christodoulou, P., Donner, T., & Esslinger, T. (2023).
Spin- and momentum-correlated atom pairs mediated by photon exchange.
ArXiv. [abs/2303.11326

¥7ricke@ethz.ch; https://www.quantumoptics.ethz.ch
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Characterization of a new dual-species atomic source for
lithium and potassium

Adrian Konig,'** Erich Dobler,"'2 Cosetta Baroni, 2
Emil Kirilov,"? and Rudolf Grimm? 2

Institut fiir Quantenoptik und Quanteninformation (IQOQI),
Osterreichische Akademie der Wissenschaften, 6020 Innsbruck, Austria
2Institut fiir Experimentalphysik,

Universitat Innsbruck, 6020 Innsbruck, Austria

Mixtures of ultracold atoms in the quantum degenerate regime offer a great
testbed to probe interacting many-body systems. An inevitable ingredient for
preparing these ultracold samples is an atomic source providing the desired
species within an atomic beam. Here, we present a new home-built dual-
species atomic source for our ultracold atom experiment working with lithium
and potassium. We characterize its functionality by exciting the emitted
atoms and detecting the resulting fluorescence photons with a photomultiplier
tube. To conclude on the absolute number of emitted atoms we take transverse
spectra of the atomic beam. For both species we observe good agreement with
predictions from theory [1]. In addition to the flux we measure the spatial
intensity distribution of the atomic beam. For increasing temperature we
observe the transition from the transparent into the opaque regime where
collisions amongst the atoms decrease their intensity on the center-line [2].
In order to get a quantitative measure about the efficiency of our oven we
compare the atomic intensity on the center-line with the total number of
emitted atoms.

[1] H. C. W. Beijerinck et al., J. Appl. Phys. 46, 2083 (1975).
[2] J. A. Giordmaine et al., J. Appl. Phys. 31, 463 (1960).
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Rydberg spectroscopy in the strong driving limit for
atoms and molecules

Florian Binoth,'>* Tanita Klas,! Jana Bender,! Patrick
Mischke,! Thomas Niederpriim,! and Herwig Ott!
! Department of Physics and Research center

OPTIMAS, RPTU Kaiserslautern-Landau
Gottlieb-Daimler-Strafle, 67663 Kaiserslautern, Germany

We experimentally deform the 5S-6P potential of 8Rb atoms at large in-
teratomic distances, creating new bound molecular states. To achieve this, we
couple off-resonantly to an ultra-long range Rydberg molecule potential using
strong laser driving. Properties that are commonly associated with Rydberg
molecules are optically admixed to the 5S-6P pair state.

Another effect we investigate is the Autler-Townes splitting in multilevel
systems. The strong coupling lifts degeneracies and mixes closely-spaced
states. This results in complex spectra deviating from the symmetrical two-
level Autler-Townes splitting. We experimentally investigate these spectra in
a thermal cloud of 8" Rb atoms by resonantly coupling the 6P5 /2, F' = 3 state
to a Rydberg state with varying Rabi frequency.

¥ "2noth@rptu.de; https://www.physik.uni-kl.de/ott
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Construction of a versatile Rydberg atom platform

Aaron Thielmann,'"* Sven Schmidt,! Suthep
Pomjaksilp,’ Thomas Niederpriim,! 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
quantum physics. These setups do not only feature single-atom control, ad-
ditionally exciting addressable atoms to Rydberg states introduces further
possibilities to study physical problems in different geometric configurations.

We plan to realize arbitrarily arranged two-dimensional arrays with up to
100 lattice sites, each of them containing one or a few atoms. The arrays
are holographically generated by an SLM in combination with a 1064 nm
YAG-laser. Via a two-photon Rydberg transition, we collectively excite the
atoms to Rydberg states. Due to the long-range character of the resulting
Rydberg interactions, an interaction of the atoms in and between lattice sites
is also intrinsically given. This setup is a prime candidate to investigate both
topological systems of single atoms as well as effects arising from many-body
properties in a controlled manner.

Adding controlled microwave transitions between different Rydberg states
and the incorporation of a second atomic species open up possibilities to study
even more complex physical systems in future research.

* athielma@rptu.de; https://www.physik.uni-kl.de/ott 173
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Trade off-free microfabricated cells for atomic devices

Linda Péroux," * Jérémy Bonhomme,' Ravinder Chutani,! Abdelkrim
Talbi,! Philippe Pernod,! Nicolas Passilly,? and Vincent Maurice'
LIEMN - Institut d’Electronique de Microélectronique et de Nanotechnologie,
UMRS8520 CNRS, Université Lille, Centrale Lille, Lille, France
*FEMTO-ST Institute, UMR617, CNRS,

Université Bourgogne Franche-Comté, Besancon, France

Miniature atomic devices such as clocks and magnetometers rely on mi-
crofabricated alkali vapor cells [1]. Several techniques have been proposed
to make such cells but they often entail specific advantages and drawbacks
[2-4]. We recently demonstrated an alternative technique mimicking the ap-
proach found in the fabrication of standard glass-blown cells. It consists in
wafer-integrated make-seal structures that can be closed locally with a COq
laser [5, 6]. Here, we report on recent work to extend this concept further by
connecting the wafer to a vacuum chamber filled with the desired chemical
species before sealing the cells as shown in Fig. 1. This method benefits from
microfabrication in terms of cost, reproducibility and mass fabrication.

a) b)

|_—Scacondary Rubidium-87|
Pumping source
< . -

FIG. 1. a) A wafer of cells placed on a vacuum chamber to fill the cell with rubidium-
87 b) Local sealing using a CO2 laser.

Local sealing
area
Cell volume

Knappe et al., Opt. Lett. 30, 2351-2353 (2005)

Liew and J. Moreland, Appl. Phys. Lett. 90, 114106 (2007).
Douahi et al., Electron. Lett., vol. 43, pp. 279, (2007).
Maurice, N. Passilly, and C. Gorecki, US10775747B2, (2020).
Maurice et al., Microsyst Nanoeng 8, 129 (2022).
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Delta-Kick Collimation of quantum mixtures for dual
species atom interferometry in space

G.L. Priyanka,’>* J Bohm,! B. Piest,! E.M.
Rasel,! and the MAIUS Team?!> 2:3:4,5:6
Institut fir Quantenoptik LU Hannover

2ZARM, Uni Bremen
3FBH Berlin
4DLR Institut fiir Raumfahrtsysteme Bremen
SInstitut fiir Physik HU Berlin
S Institut fiir Quantenoptik Universitit Mainz

Dual species atom interferometry under microgravity is a promising tool
to precisely test the Einstein’s Equivalence Principle (EEP). MAIUS-2 (Mat-
ter wave interferometry under microgravity) focuses on understanding the
dynamics of K-41 and Rb-87 quantum mixtures in microgravity and prepar-
ing the system to perform a test of EEP during MAIUS-3. The sensitivity
of a Mach-Zehnder atom interferometer is quadratically proportional to the
interrogation time. This could be achieved by further reducing the momen-
tum spread of the ensembles. Magnetic Delta-Kick Collimation (DKC) is a
suitable tool to collimate atomic ensembles down to temperature equivalents
below Nanokelvin. In this contribution, we concentrate on studying and op-
timizing the time steps, number of kicks [2] of DKC required to collimate
both species simultaneously based on harmonicity and isotropic natures of
the trap. Simulations based on two different methods are performed and
compared. One on the classical equations of motion and the other on scaling
approach [3] which gives a classical interpretation of the dynamics.

The MAIUS project is supported by the German Space Agency DLR with
funds provided by the Federal Ministry of Economics and Technology (BMWi)
under grant number: 50WP 1431-1435.

[1] Hubert Ammann and Nelson Christensen, Phys. Rev. Lett. 78, 2088 (1997).
[2] Robin Corgier et al., New J. Phys 22 123008 (2020).
[3] Y. Castin and R. Dum, Phys. Rev. Lett. 77 5315 (1996).
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A ytterbium source for quantum-clock interferometry

Mario Montero,'>* Ali Lezeik,' Klaus H. Zipfel,! Constantin Stojkovic,!
Ernst M. Rasel,! Dennis Schlippert,! and Christian Schubert?
nstitut fir Quantenoptik, Leibniz Universitit Hannover
Welfengarten 1, 30167 Hannover, Deutschland

2 Institut fir Satellitengeoddsie und Inertialsensorik, DLR
Callinstrafle 30B, 30167 Hannover, Deutschland

Quantum-clock interferometry (QCI) is a promising approach to test gen-
eral relativistic effects in the quantum regime [1, 2]. In QCI a sequence of
light pulses is used to split, redirect and recombine coherent wave packets
and drive transitions between the internal degrees of freedom of a quantum
system. Choosing an appropriate configuration, the phase shift between the
interferometer arms is sensitive to gravitational time dilation effects.

To improve the sensitivity of phase shift detection, one can either increase
the delocalization of wave packets using large momentum transfer techniques
or extend their free evolution time. The Very Long Baseline Atom Interferom-
etry facility in Hannover takes advantage of the latter. It is a state-of-the-art,
10-meter-long facility designed for highly sensitive measurements [3]. It is de-
signed to operate with two different atomic sources and features a magnetic
shield and a seismic attenuation system to mitigate external noise sources.
This makes it an ideal environment to perform QCI experiments.

Due to its long-lived clock state, ytterbium is an appealing candidate to
measure differences in proper time [4]. We present the current status of our
high-flux source of laser-cooled 17*Yb atoms [5]. To drive the clock transition,
a highly stable laser source of at least 10 W and a line width of less than 1
kHz is required [4]. We present the frequency stabilization of an 1156 nm
laser to an external cavity and discuss the future implementation to enable
the E1-M1 optical transition.

[1] C. Ufrecht et al., Phys. Rev. Research 2 043240 (2020).

2] A. Roura et al., Phys. Rev. D 104 084001 (2021).

[3] D. Schlippert et al., 8th Meeting on CPT and Lorentz Symmetry Matter-wave
interferometry for inertial sensing and tests of fundamental physics
(2020).

[4] E. A. Alden et al., Phys. Rev. A 90, 012523 (2014).

[5] E. Wodey et al., J. Phys. B: At. Mol. Opt. Phys. 54, 035301 (2021).
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Local periodic driving in optical lattices

Georgia Nixon,"* F. Nur Unal,! and Ulrich Schneider?

! Cavendish Laboratory, University of Cambridge
JJ Thomson Ave, Cambridge CB3 0HE

The ability to locally tune the parameters of a tight-binding model is a
highly sought-after goal which would allow for the simulation of a wide range
of quantum phenomena. Motivated by recent advances in realising quantum
gas microscopes as well as highly versatile optical tweezers, we demonstrate
that local control in an optical lattice can be achieved in ultracold-atom ex-
periments by incorporating a local, time-periodic potential. We employ Flo-
quet theory to capture the dynamics of locally driven optical lattices and
investigate applications of this technique for non-interacting particles in one
dimension to engineer various configurations. Extending to two dimensions,
we show that local periodic driving in a three-site plaquette allows for full
control of Hamiltonian parameters including tunneling amplitudes and flux
values piercing the plaque. Our results demonstrate the vast array of phe-
nomena that can be accessed by periodically driving a system locally.
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Momentum-space correlations of lattice Bose gases close
to the Mott transition

Maxime Allemand,!'* Jan-Philipp Bureik,! Gaétan Hercé,! Antoine
Ténart,! Géraud Dupuy,’ Raphaél Jannin,! and David Clément'

! Laboratoire Charles Fabry, Institut d’Optique, CNRS, Univ. Paris Sud,
2 Avenue Augustin Fresnel, 91127 Palaiseau, France

We study interacting Helium-4 Bose gases in an optical lattice, realising
the 3D Bose-Hubbard hamiltonian [1]. This hamiltonian holds a quantum
phase transition, from a superlfuid to a Mott insulator, and we report our
on-going efforts to characterise many-body correlations in the vicinity of this
transition. To this aim, we use a unique experimental probe which consists
in detecting metastable Helium-4 atoms one by one after a long time-of-flight
to measure atom correlations in momentum space [2].

We have recently exploited this approach to reveal the Bogoliubov pairs of
atoms with opposite momenta in the quantum depletion of a weakly inter-
acting Bose gas [3] and to study the high-order correlations (between up to
6 atoms) in lattice superfluids and Mott insulators [4]. Our present efforts
rely on these previous studies to quantify momentum correlations close to the
Mott transition.

| C. Carcy et al., Phys. Rev. Lett. 126, 045301 (2021).
] H. Cayla et al., Phys. Rev. A 97, 061609 (2018).
[3] A. Ténart et al., Nat. Phys. 17, 1364 (2021).
| G. Hercé et al., Phys. Rev. Research 5, 1L.012037 (2023).
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Cryogenic Strontium Quantum Processor

Roberto Franco,'»* Xintong Su,! Liam Crane,' and Christian Gross!

! Physikalisches Institut, Eberhard Karls Universitit Tibingen
Auf der Morgenstelle 14, 74076 Tibingen, Germany

Neutral Rydberg atoms in optical tweezers are a promising platform for

quantum computing. This platform unites fundamentally indistinguishable
qubits and precise control via laser fields with scalability in the size of the
qubit register.
In our project we aim at the unification of the optical tweezer technology
with cryogenic technology at 4K, using fermionic strontium. This will result
in record-long coherence and lifetimes of the atoms in the optical tweezer array
and it will form the basis for scalability to large atom numbers. Furthermore,
the intensity of black-body radiation is strongly reduced at cold temperatures.
This reduces the unwanted coupling between neighboring Rydberg states, a
potential source for collective decoherence in the quantum processor. Finally,
the 4K environment will enable us to use superconducting coils, which will
generate a ultrastable magnetic field for qubit frequency definition.

* roberto.franco@uni-tuebingen.de; www.qmanybody.de 179
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Anderson Localization of Light by Cold Atoms

Apoorva Singh,!** Antoine Glicenstein,! Hector
Letellier," Alvaro Mitchell,! and Robin Kaiser!

! Laboratoire Institut de Physique de Nice - INPHYNI
Université Cote d’Azur, France

Philip Anderson received the Nobel Prize for his theory on localization
phenomena in 1977. His seminal paper explain that a phase transition oc-
curs from conductor to insulator after a certain threshold of disorder in the
system[1]. There are various theories and experiments to determine Anderson
localization of light but a clear signature of Anderson localization of light in
3D has not been reported so far because absorption complicates the interpre-
tation of experimental results. Recent theoretical developments suggest that
strong localization can be observed using a large cloud of cold atoms[2].

Here, I will present our new experimental setup aiming to study Anderson
localization of light using large clouds of '7*Y'b cold atoms in three dimensions.

The ensemble of atoms is produced in a Magneto-optical Trap (MOT) op-
erating at 555.6 nm on the intercombination transition 'Sy —3 P;. Its narrow
linewidth (I'y, = 27 % 182kH z) allows cooling the atoms below 10pK. This
green MOT is loaded from Blue MOT at 398.9nm on 'Sy —! P, transition.
This transition has a broad linewidth (I'y; = 27 % 28.9M H z) which is advan-
tageous for slowing the atomic beam over a distance of a few cm. A slowing
beam is used to increase the loading rate of the blue MOT. We typically cap-
ture around 10° atoms in the blue MOT. We then transfer about 2.5 * 103
atoms in the green MOT resulting an optical depth of 10. The temperature
and atom number are determined using standard absorption imaging and
time-of-flight (TOF) techniques. The obtained optical depth is not sufficient
yet to observe the localization [2]. The setup is being currently improved by
the implementation of the repumpers and by the precise study of the blue
MOT limitations.

The production of an atomic sample is the first step toward the Anderson
localization of light. The next key step will be the observation of a coher-
ent backscattering (weak localization)[3] which can be seen as a precursor of
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Generation and control of quantum coherence in single
atom mechanics

A. Kovalenko,! L. Lachman,’ K. Singh,' *
T. Pham,? O. Cip,2 L. Slodi¢ka,' and R. Filip!

! Department of Optics, Palacky University,
17. listopadu 12, 771 46 Olomouc, Czech Republic
2 Institute of Scientific Instruments of the Czech Academy of Sciences,
Krdlovopolska 147, 612 64 Brno, Czech Republic

Quantum coherence between energy eigenstates of mechanical oscillators
is crucial for a wide range of applications including quantum sensing and
bosonic quantum error correction protocols. A single atomic ion trapped and
laser-cooled in a Paul trap provides an ideal testbed for the feasibility of gen-
eration and estimation of motional coherences. It allows for a deterministic
coherent optical manipulation of the quantum motion with high fidelity by a
sequence of laser pulses acting on the combined electronic-motional space. A
motional Ramsey-type interferometer then allows for the precise measurement
of the off-diagonal elements of the density matrix to quantify the quantum
coherence. We experimentally demonstrate climbing up a hierarchy of crite-
ria excluding the convex closure of Gaussian states of the linear oscillations
by analysis of their corresponding observable coherence on a single trapped
40Ca* ion - motional oscillator. We estimate their robustness to dominant de-
coherence mechanisms in mechanical systems corresponding to the interaction
with thermal amplitude and phase reservoirs.
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