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Preface

FQMT’24 is a follow-up to the nine previous, successful Prague conferences “Frontiers of
Quantum and Mesoscopic Thermodynamics” (FQMT’04, FQMT’08, FQMT’11, FQMT’13,
FQMT’15, FQMT’17, FQMT’19, FQMT’21, and FQMT’22). For the details of their programs
and the history of the FQMT conferences see the www pages https://fqmt.fzu.cz/.

FQMT’24 will thus celebrates double jubilee: The 20th Anniversary of the FQMT con-
ferences and at the same time the FQMT’24 will be the 10th FQMT conference. In the 20
years since the first FQMT conference, the scientific and social program of the conference has
changed substantially.

Scientific program of the FQMT’04 conference covered the following, quite limited, num-
ber of topics: Quantum, mesoscopic and (partly) classical thermodynamics; Quantum limits
to the second law; Quantum measurement; Quantum decoherence and dephasing; Mesoscopic
and nanomechanical systems; Classical molecular motors, ratchet systems and rectified mo-
tion; Quantum Brownian motion; Quantum motors; Physics of quantum computing; Relevant
experiments from the nano- to the macro-scale.

Cultural and social program of the FQMT’04 conference covered only one public lecture,
one concert of classical music apart from now traditional FQMT conference welcome party in
the Wallenstein Palace garden.

Gradually the number of social events has increased and the FQMT conferences have de-
veloped into the event with several public lectures and concerts. The scientific, the fine arts,
and the musical programs are intended as a complement to one another, where scientists, artists
and musicians are encouraged to mingle and share their knowledge and experience.

The number of topics discussed during the FQMT conferences has also been gradually
increasing. Thus the title of the FQMT conference series is now only historical and survives
due to tradition. Today its meaning corresponds only partly to the actual topics of the FQMT’24
conference.

The shift to the bigger variety of topics of the FQMT conferences during the last 20 years
mirrors the enormous (and fascinating) development of theoretical as well as experimental
methods and technologies and their mutual stimulation and improvements. This includes, e.g.,
more detailed imaging of various structures (including biological ones) and increased observa-
tion possibilities in astronomy.

Recent advances in technologies have led to an enormous boost in the possibility to create
new, well-defined structures, including e.g. neural networks or organoids, measurement, sim-
ulations, sensors, imaging and observation techniques at microscopic, mesoscopic and macro-
scopic scales. At the same time, various methods allow us to investigate not only equilibrium
features of complex many body systems, but also time evolution of these systems (which are
in general far from equilibrium) at different time scales. This increasing ability to study sub-
tle details of the dynamics of systems yields new versions of old questions and creates new
challenges in many fields of physics.



The present FQMT’24 program will thus be focused on a better understanding of the be-
havior of quantum systems out of equilibrium, on conceptual and experimental challenges of
non-equilibrium statistical physics, quantum many body physics, quantum thermodynamics,
quantum optics, physics of quantum information, biophysics, foundations of quantummechan-
ics, and quantum field theory.

To reach this aim, we seek to improve our understanding of foundations of quantum physics,
quantum many body physics, statistical physics, and thermodynamics relying on the theoreti-
cal and experimental methods of condensed matter physics and quantum optics. The systems
considered will be mainly on the order of mesoscopic (nanoscale) size, and include those of
both natural and artificial origin. Special attention will be given to non-equilibrium quantum
systems, physics of quantum information and manifestation of quantum effects in biological
systems. Subjects from astrophysics, gravitation or cosmology related to the above scope will
also be included.

Following the tradition of the FQMT conferences, FQMT’24 will attempt to bring together
a unique combination of both young and experienced scientists across a broad disciplinary spec-
trum covering the above mentioned topics. The interdisciplinary character of the conference
will be supported by the choice of key speakers who are not only able to report specific results
within their fields, but can also discuss the state of the art of their fields from the standpoint of a
broader perspective of overlap with other fields. It is an objective to gather important scientists
from overlapping branches of physics who can mutually benefit from the exchange of different
views and ideas, experiences from studies of many different systems and various theoretical
and experimental approaches to the study of current problems in physics. It is intended that
this arrangement of the scientific program of the conference will again significantly contribute
to the formulation of challenging questions and problems, as well as their related answers that
are nowadays essential to improve the understanding of the foundations of quantum physics,
many body physics, quantum statistical physics of systems far from equilibrium, the physics of
nanoscale and biological systems, and further, will motivate new collaboration and intensive
discussions between experts from differing fields of physics, chemistry, and biology.

As in the foregoing FQMT conferences, the aim of FQMT’24 is to create a bridge between
the fields of non-equilibrium statistical physics, quantum many body physics, foundations of
quantum physics, quantum thermodynamics, quantum optics, physics of quantum information,
astrophysics, condensed matter physics, physics of mesoscopic systems, chemical physics and
biophysics. Moreover, the organizers have endeavored to create a program which encom-
passes all these fields, while simultaneously achieves an “equilibrium” between theoretically
and experimentally orientated talks to stimulate discussion between the experimentalists and
the theorists as much as possible.

The public lectures will be again the part of the conference program. On Tuesday (July 23)
late afternoon there will be a public lecture by Peter Hänggi “The ring of Brownian motion: Its
beneficial use for physics and elsewhere”.This lecture will be followed by the two very special
lectures complementing each other: The first one by TheoGeisel, a leading expert in the field of
non-linear dynamics, onMusical Synchronization and the Secrets of Swing and the second one,
Fundamental Aspects of the Physics of Music, by Allen M. Hermann, physicist successfully
dealing with a wide range of solid-state topics, who is also an excellent trombone player and
professor of jazz music. On Thursday (July 25) evening, there will be the next exceptional



lecture: Discoveries with the James Webb Space Telescope by John Mather, the astrophysicist
and cosmologist, Nobel Prize laureate, and the key person of the Cosmic Background Explorer
and James Webb Space Telescope projects.

In keeping with the multidisciplinary character of the scientific program, the cultural rich-
ness of the City of Prague and the tradition of the previous FQMT conferences, the FQMT’24
program will feature one concert of jazz music and three concerts of classical music performed
by world-class musicians; two of them will be held in exceptionally outstanding venues of the
city, in the Gothic Church of Our Lady before Týn, where Tycho Brahe is burried, and in the
beautiful Baroque church of the Břevnov Monastery. Both the scientific program and the mu-
sical program are intended as a complement to one another, where scientists and musicians are
encouraged to mingle and share their knowledge and experience.

On the occasion of the 20th anniversary two special parts of the program will be organized:

1. The special plenary session of the scientific program onMonday afternnon. The speakers
of this session will be the physicists who attended already the first FQMT conference and then
have visited the FQMT conferences regularly.

2. Taking into account the recently increasing interests in robots and artificial intelligence
issues, we will organize an exhibition devoted to the brothers Čapek who introduced to the
word ‘robot’. The exhibition of some works of Josef Čapek in the Pyramida hotel (he was
the foremost Czech painter as well as a writer and journalist and was very instrumental also
for texts of his brother) will be accompanied by the exhibition of some books of Karel Čapek.
Karel Čapek wrote several influential books dealing with important ethical problems which
are especially important nowadays. As already Arthur Miller pointed out: “It is time to read
Čapek again for his insouciant laughter and the anguish of human blindness that lies beneath
it”. Especially significant is the play Rossum’s Universal Robots (knownworldwide as R.U.R),
where the word Robot (designed by Čapek brothers during their discussions about the play)
appeared for the first time. As Kurt Vonnegut said about this play: “One of the great plays of
the twentieth century by a great writer of the past who speaks to the present in a voice brilliant,
clear, honorable, blackly funny and prophetic”.

We believe that all participants will enjoy the scientific as well as cultural program of the
conference.

Dear colleagues, we welcome you to the FQMT’24 conference and we hope you will enjoy
the conference program.

On behalf of the organizers,

Václav Špička, Peter D. Keefe, and Theo M. Nieuwenhuizen
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Important Information

Contact address
FQMT’24
Dr. Václav Špička
Institute of Physics, Czech Academy of Sciences
Cukrovarnická 10, CZ-162 00 Praha 6, Czech Republic
E-mail: fqmt@fzu.cz
Phone: (+420) 220 318 446
Mobile: +420 777 326 724
WWW: https://fqmt.fzu.cz/24/

Emergency phone numbers (free calls):
Police: 158
Ambulance: 155
Fire Department: 150
Unified Emergency Call: 112

Conference sites
The FQMT’24 conference will take place at the following sites:

Regular talks, the poster session, public lectures and some concerts will take place at:
Pyramida Hotel
address: Bělohorská 24, Praha 6-Břevnov, phone: +420 233 102 111

Conference welcome party will take place at:
Wallenstein Palace Garden
address: Valdštejnské náměstí 4, Praha 1-Malá Strana

Concert will take place at:
Church of Our Lady before Týn
address: Staroměstské náměstí, Praha 1-Staré Město

Conference dinner and concert will take place at:
Břevnov Monastery
address: Markétská 1/28, 169 00 Praha 6-Břevnov

2
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Limitations related to the Wallenstein Palace
There are some limitations related to the Wallenstein Palace due to the two facts:
1. the Wallenstein Palace is the seat of the Senate of the Czech Republic
2. the Wallenstein Palace is a historical building

Please, read carefully the following text to know about these limitations:

The entrance to the Wallenstein Palace: it is controlled because of the security reasons (the
Palace is the seat of the Senate of the Czech Republic). There is a possibility that all participants
will have to pass the metal detection frame and their things have to be screened by x-rays
similarly as at airports.
Important: Participants are, therefore, kindly asked to come to the Wallenstein Palace not at
the last moment just before the beginning of guided tours/welcome party.

Very important: When entering and moving inside theWallenstein Palace, all participants are
requested to have with them their conference badges and passports; both documents can be
asked to be shown by the security guards in the Wallenstein palace. Please note that forgetting
your passport could be an admission problem.

Rooms and facilities available for the participants
Pyramida Hotel

• Lecture Hall A (ground floor): Plenary and some parallel sessions, the jazz concert, and
the public lectures with the concert will be there.

• Lecture Hall B (first floor) and Lecture Hall C (first floor) will be used for parallel ses-
sions.

• Lobby of the Lecture Hall (ground floor) will serve as a coffee room; tea and coffee will
be available there all the time.

• Several other rooms will be available for the FQMT’24 participants, e.g., study and com-
puter rooms on the first floor.

Posters
Poster session will be held on Thursday July 25, from 4:20 p.m. Posters can be fixed already
from 7:30 a.m. on Wednesday on the first floor (corridors) of the Pyramida Hotel and can be
exhibited till Friday 9 a.m.

Social events
• Welcome party: Wallenstein Palace Garden, Monday July 22

• Public lecture: Pyramida Hotel Lecture Hall A, Tuesday July 23
This afternoon lecture will be given by Peter Hänggi.

• Public lectures: Pyramida Hotel Lecture Hall A, Tuesday July 23
These evening lectures will be given by Theo Geisel and Allen M. Hermann.
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• Jazz concert: Pyramida Hotel Lecture Hall A, Tuesday July 23

• Classical concert: Church of Our Lady before Týn, Wednesday July 24

• Public lecture: Pyramida Hotel Lecture Hall A, Thursday July 25
The evening lecture will be given by John C. Mather.

• Classical concert: Pyramida Hotel Lecture Hall A, Thursday July 25

• Conference dinner: Břevnov Monastery, Friday July 26

• Classical music concert: St. Margaret Church of the Břevnov Monastery, Friday July 26

Exact times of the events can be found in the conference program.

Food
Lunches:

All participants can use either:

• A possibility to buy during their registration on Sunday or Monday tickets for lunches
in the restaurant in the Pyramida Hotel.
The price of one lunch will be 25 EUR.

or

• To go for lunch to restaurants which are situated in the vicinity of the Pyramida Hotel.

Dinners:

• Monday: Welcome party in theWallenstein Palace Garden.

• Tuesday: There will be enough time to go for dinner before the evening sessions, either
in the Pyramida Hotel or to various restaurants in the vicinity of the Pyramida Hotel.

• Wednesday: Refreshment will be provided after the last session.

• Thursday: Buffet during the poster session in the Pyramida Hotel.

• Friday: Conference dinner in Strahov Monastery.
Price: 75 EUR per person - tickets for this dinner will be available during the registration.
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PROGRAM

Sunday, 21 July 2024

17:00 – 21:00 Registration and welcome refreshment
Location: Pyramida hotel - lobby
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Monday, 22 July 2024

07:50 – 08:20 Opening address
Location: Pyramida Hotel Lecture Hall A

08:20 – 09:50 1 session: Stochastic and quantum thermodynamics
Location: Pyramida Hotel Lecture Hall A

08:20 – 08:50 Udo Seifert: Stochastic thermodynamics: From con-
cepts to model-free inference

08:50 – 09:20 Eran Sela: Measuring stochastic thermodynamics in
mesoscopic systems using a quantum
work agent

09:20 – 09:50 Gershon Kurizki: Quantum nonlinear thermodynamics from
polaritons and spins to black holes

09:50 – 10:10 Coffee break

10:10 – 12:10 2 session: Quantum measurement
Location: Pyramida Hotel Lecture Hall A

10:10 – 10:40 Andrew N Jordan: Quantum Measurement: Theory and
Practice

10:40 – 11:10 Jasper van Wezel: Spontaneous unitarity violation as a
model for quantum state reduction

11:10 – 11:40 Dirk Bouwmeester: Quantum optomechanics for investigating
the collapse of the quantum wave function

11:40 – 12:10 Yuval Gefen: Measurement-assisted quantum cooling

12:10 – 13:00 Lunch

13:00 – 15:10 3 session - A parallel: Quantum dynamics
Location: Pyramida Hotel Lecture Hall A

13:00 – 13:30 Emanuel Gull: Denoising and Extension of Real- and
Imaginary-time Green’s Functions

13:30 – 14:00 Michael Bonitz: Accelerating nonequilibrium Green func-
tions simulations: the G1-G2 scheme

14:00 – 14:30 Ilya Sinayskiy:
online

Quantum Simulation of Markovian Open
Quantum Systems
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14:30 – 14:50 David Edward Bruschi: Towards exact factorization of quantum
dynamics via Lie algebras

14:50 – 15:10 Rafael Sánchez: Scattering theory of thermal and thermo-
electric diodes

13:00 – 15:10 3 session - B parallel : Quantum optics
Location: Pyramida Hotel Lecture Hall B

13:00 – 13:30 Anil K Patnaik: Reconstructing the Quantum State of Pho-
ton Propagating Through Atmospheric
Turbulence Simulator

13:30 – 14:00 Radim Filip: Quantum non-Gaussian coherence and
correlation of light and atoms

14:00 – 14:30 Maciej A. Nowak:
online

Eikonal formulation of large dynamical
random matrix models

14:30 – 14:50 Matthias Krüger: Theory of thermal transport via photons
within media

14:50 – 15:10 Evgeniy Narimanov:
online

The Effective Permittivity of a Composite
Material

13:00 – 15:10 3 session - C parallel: Many body physics
Location: Pyramida Hotel Lecture Hall C

13:00 – 13:30 Thomas Vojta: Critical Behavior and Collective Modes
at the Superfluid Transition in Amorphous
Systems

13:30 – 14:00 Mauro Antezza: Spontaneous Breaking of Time Reversal
Symmetry and Time-Crystal States in Chi-
ral Atomic Systems

14:00 – 14:30 Grégoire Ithier: Typicality and unconventional stationary
states of a system of interacting spinless
fermions

14:30 – 14:50 Clément Sayrin: Interacting laser-trapped circular Ryd-
berg atoms

14:50 – 15:10 Jeremy R Armstrong: Static properties of an asymmetric impu-
rity in a dipolar BEC

15:10 – 15:30 Coffee break

15:30 – 16:00 Opening address: 20th Anniversary of the first FQMT confer-
ence

Location: Pyramida Hotel Lecture Hall A
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16:00 – 18:00 4 session: 20th Anniversary of the first FQMT conference
Location: Pyramida Hotel Lecture Hall A

16:00 – 16:30 Marlan O. Scully:
online

Entanglement in Unruh and Hawking ra-
diation from a quantum optical perspec-
tive

16:30 – 17:00 Heiner Linke: Symmetry-breaking as a tool for increas-
ing power and efficiency in thermal-to-
electric energy conversion

17:00 – 17:30 Amir O. Caldeira: Exact Solution for the Heat Conductance
in Harmonic Chains

17:30 – 18:00 Peter Hänggi: Aspects of Quantum Thermodynamics:
Facts, debatable issues and unsolved is-
sues

18:00 – 19:00 Free time and transfer to Wallenstein Palace

19:00 – 22:00 Welcome party
Location: Wallenstein Palace and its Garden

19:00 – 19:30 Opening
19:30 – 22:00 Welcome party in the Wallenstein Palace Garden
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Tuesday, 23 July 2024

07:50 – 09:50 1 session: Nonequilibrium, quantum dynamics
Location: Pyramida Hotel Lecture Hall A

07:50 – 08:20 Ankerhold Joachim: A Universal Framework for Quantum
Dissipation: Minimally Extended State
Space and Exact Time-Local Dynamics

08:20 – 08:50 Tapio Ala-Nissilä: Unraveling correlation in quantum mas-
ter equations for open system dynamics

08:50 – 09:20 Aurel Bulgac: Non-Markovian character, irreversibility,
and entanglement entropy of real-time
quantum many-body dynamics

09:20 – 09:50 Jens Eisert: Typical thermalization

09:50 – 10:10 Coffee break

10:10 – 12:10 2 session: Quantum computing and simulation
Location: Pyramida Hotel Lecture Hall A

10:10 – 10:40 Richard Jozsa: Classically simulatable quantum compu-
tations

10:40 – 11:10 Franco Nori:
online

Machine Learning Techniques Applied to
Quantum Physics

11:10 – 11:40 Giuseppe A. Falci: Adiabatic passage in solid state: from ul-
trastrong coupling to noise sensing

11:40 – 12:10 P. Zapletal: Quantum convolutional neural networks
for the recognition of many-body topolog-
ical phases of matter

12:10 – 13:00 Lunch

13:00 – 15:10 3 session - A parallel: Foundations of quantum mechanics
Location: Pyramida Hotel Lecture Hall A

13:00 – 13:30 Bryan Dalton:
online

Can quantum theory be underpinned by a
non-local hidden variable theory?

13:30 – 14:00 Ana Maria Cetto: Physical explanation for the emergence of
the quantum operator formalism and its
connection with linear response theory

14:00 – 14:30 Stephen A. Fulling: Detailed Semiclassical Propagators for
Simple but Nontrivial Systems
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14:30 – 14:50 Yutaka Shikano: On Observer-Dependent Description of
Quantum State on Identical Particles

14:50 – 15:10 Nicole Yunger Halpern: Beyond the first law: Peculiarly quantum
conservation laws in thermodynamics

13:00 – 15:10 3 session - B parallel: Quantum dynamics
Location: Pyramida Hotel Lecture Hall B

13:00 – 13:30 Yigal Meir: Backaction and Anderson overlap catas-
trophe in quantum dots

13:30 – 14:00 Michael Thoss: Quantum transport and thermodynamics
using the hierarchical equations of motion
method

14:00 – 14:30 Elisabetta Paladino: Heat transport in the quantum Rabi
model: Universality and ultrastrong cou-
pling effects

14:30 – 14:50 Mark Mitchison: Optimal time estimation and the clock un-
certainty relation for Markovian stochas-
tic processes

14:50 – 15:10 Klaus Ensslin: Graphene quantum devices

13:00 – 15:10 3 session - C parallel: Topological states, Anyons
Location: Pyramida Hotel Lecture Hall C

13:00 – 13:30 Ady Stern:
online

The return of the Anyons - news from the
fractional quantum Hall effect

13:30 – 14:00 Eric Akkermans: Topological Defects: Creating and Imag-
ing Quantum Matter

14:00 – 14:30 Marcelo Lozada-Cassou: Impact of nanopore’s topology on the
electrical double layer and capacitance

14:30 – 14:50 Flavio Ronetti: Finite width of anyons changes their
braiding signatures

14:50 – 15:10 Frédéric Chevy: The quasi-1D polaron problem. When is
1D still 1D?

15:10 – 15:30 Coffee break

15:30 – 16:30 Afternoon session: Public lecture of Peter Hanggi
Location: Pyramida Hotel Lecture Hall A

15:30 – 16:20 Public lecture
15:30 – 16:20 Peter Hänggi: The ring of Brownian motion: Its bene­

ficial use for physics and elsewhere
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16:20 – 16:30 Discussion after the lecture of Peter Hanggi

16:30 – 17:45 Free time

17:45 – 22:00 Evening session: Public lectures of Theo Geisel, Allen Hermann
and concert

Location: Pyramida Hotel Lecture Hall A

17:45 – 18:00 Opening address
18:00 – 18:50 Public lecture
18:00 – 18:50 Theo Geisel: Musical Synchronization and the Secrets

of Swing
18:50 – 19:00 Discussion after the lecture of Theo Geisel

19:00 – 19:15 Break
19:15 – 20:05 Public lecture
19:15 – 20:05 Allen Hermann: Fundamental Aspects of the Physics of

Music
20:05 – 20:15 Disscusion after the lecture of Allen Hermann

20:15 – 20:30 Break
20:30 – 22:00 Concert of jazz music
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Wednesday, 24 July 2024

07:50 – 09:50 1 session: Bose Einstein condensation, Gravity, Sensors
Location: Pyramida Hotel Lecture Hall A

07:50 – 08:20 Vanderlei S. Bagnato: Time evolution of a far-from-equilibrium
BEC: turbulence, scalability, reversing
cascade, and thermalization

08:20 – 08:50 Ernst Maria Rasel: Interferometry with Bose-Einstein con-
densates in microgravity

08:50 – 09:20 Hansjörg Dittus: Quantum sensors in spacetime
09:20 – 09:50 Frank Narducci: Measuring the period of a pendulum with

a tall atom interferometer

09:50 – 10:10 Coffee break

10:10 – 12:10 2 session: Quantum optics, plasmons
Location: Pyramida Hotel Lecture Hall A

10:10 – 10:40 Wolfgang Schleich: Equivalence of Hamiltonians in Atom Op-
tics

10:40 – 11:10 Ortwin Hess: Quantum Coherent Perfect Absorption in
Nanoplasmonic Cavities

11:10 – 11:40 Walter Pfeiffer: Quantumness in plasmon assisted multi-
photon photoemission

11:40 – 12:10 Norbert Kroo: High field nanoplasmonics (On the way to
nuclear fusion)

12:10 – 13:00 Lunch

13:00 – 14:40 3 session - A parallel: Quantum optics
Location: Pyramida Hotel Lecture Hall A

13:00 – 13:30 Yuri Rostovtsev: Correlated quantum photon states gener-
ated by vacuum fields

13:30 – 14:00 Nir Navon: Many-body physics with Fermions in an
Optical Box

14:00 – 14:20 Vincenzo Macrì: Spontaneous scattering of Raman pho-
tons from cavity-QED systems in the ul-
trastrong coupling regime
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13:00 – 14:40 3 session - B parallel: Quantum transport
Location: Pyramida Hotel Lecture Hall B

13:00 – 13:30 Eugene Sukhorukov: Charge-conserving equilibration of quan-
tum Hall edge states

13:30 – 14:00 Alessandro Braggio: Nonlocal thermoelectric detection of in-
teraction and correlations in Quantum
Hall edge states

14:00 – 14:20 Efrat Shimshoni: New view on the quantum Hall phase dia-
gram of bilayer graphene

14:20 – 14:40 Michael Kastner: Cooling towards a quantum critical point:
Universality and scaling in open quantum
systems

13:00 – 14:40 3 session - C parallel: Quantum structures and dynamics
Location: Pyramida Hotel Lecture Hall C

13:00 – 13:30 Peter Samuelsson: Quantum measurement and control of a
Maxwell demon in double quantum dots

13:30 – 14:00 Björn Sothmann: Higgs-like pair amplitude dynamics in
superconductor-quantum dot hybrids

14:00 – 14:20 H. B. Chan: Controlled asymmetric Isingmodel imple-
mented with parametric micromechanical
oscillators

14:20 – 14:40 Gergely Zaránd: Loss-induced quantum information jet in
an infinite temperature Hubbard chain

14:40 – 15:00 Coffee break

15:00 – 17:10 4 session - A parallel: Quantum transport
Location: Pyramida Hotel Lecture Hall A

15:00 – 15:30 Shmuel Gurvitz: New approach beyond Floquet to tunnel-
ing current under external periodic drive
of arbitrary shape

15:30 – 16:00 Fernando Sols: Simultaneous symmetry breaking in spon-
taneous Floquet states: Floquet-Nambu-
Goldstone modes, Floquet thermodynam-
ics, and the time operator

16:00 – 16:30 Oren Tal: Experimental demonstration of an
atomic-scale heat pump

16:30 – 16:50 Thomas L Schmidt: Quantum geometry and semiclassical dy-
namics in inhomogeneous fields
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16:50 – 17:10 Jakub Spiechowicz: Effective mass approach to memory in
non-Markovian systems

15:00 – 17:10 4 session - B parallel: Out of equilibrium systems, Active matter
Location: Pyramida Hotel Lecture Hall B

15:00 – 15:30 Kimball A Milton:
online

Quantum Self-Propulsion of an Inhomo-
geneous Object out of Thermal Equilib-
rium

15:30 – 16:00 Hartmut Löwen: Nonequilibrium phase transitions in ac-
tive matter

16:00 – 16:30 Saar Rahav: Can auxiliary sites accelerate enzymatic
reactions?

16:30 – 16:50 Daniel M Dantchev: On ensemble dependence of fluctuation-
induced forces: Exact results for Casimir
and Helmholtz forces

16:50 – 17:10 Ido Siovitz: Non-linear excitations and low-energy ef-
fective theories of spinor gases far from
equilibrium

15:00 – 17:10 4 session - C parallel: General physics - models and methods
Location: Pyramida Hotel Lecture Hall C

15:00 – 15:30 Ofer Biham: The distribution of first passage times of
random walks on random regular graphs

15:30 – 16:00 Gianluca Rastelli: Entangled photon-pair emission in circuit
QED from a Cooper pair splitter

16:00 – 16:30 Peter Schmitteckert: NMR: From Molecules to Spectra
16:30 – 16:50 Alexandre Zagoskin:

online
Generalized Pechukas-Yukawa formalism
for quantum systems with discrete energy
spectra

16:50 – 17:10 Mauro Paternostro: Informational steady-states and condi-
tional entropy production in continuously
monitored systems

17:10 – 19:00 Free time and transfer to the Church of Our Lady before Týn
19:00 – 20:30 Concert of classical music

Location: Church of Our Lady before Týn
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Thursday, 25 July 2024

07:50 – 09:50 1 session: Foundations of quantum physics
Location: Pyramida Hotel Lecture Hall A

07:50 – 08:20 Thomas Udem: Fundamental Physics with atomic Hydro-
gen

08:20 – 08:50 Georgi Gary Rozenman: Quantum Mechanical and Optical Inspi-
rations in Surface Gravity Water Waves:
An Analogy Exploration

08:50 – 09:20 Fabrizio Piacentini: Entanglement-preserving single-pair
measurement of the Bell parameter

09:20 – 09:50 Dana Zachary Anderson: Maxwell Matter Waves: Coherence Prop-
erties, Generation, and Applications

09:50 – 10:10 Coffee break

10:10 – 12:10 2 session - A parallel: Biophysics
Location: Pyramida Hotel Lecture Hall A

10:10 – 10:40 Philip Hemmer: Engineering Nanodiamonds for
Quantum-enhanced Bio-sensing

10:40 – 11:10 Lev Mourokh: VitaCrystallography: Old Approach to
New Challenges

11:10 – 11:40 Yaroslav M. Blanter: Electron transport in cable bacteria
11:40 – 12:10 Václav Špička: Physical processes controlling biological

neural networks

10:10 – 12:10 2 session - B parallel: Thermodynamics
Location: Pyramida Hotel Lecture Hall B

10:10 – 10:40 Eric Lutz: Nonequilibrium thermodynamics of quan-
tum coherence beyond linear response

10:40 – 11:10 Ewa Gudowska-Nowak:
online

Non-orthogonal eigenvectors,
fluctuation-dissipation relations and
entropy production

11:10 – 11:40 David A Kessler: Stretched Exponential Relaxation of
Weakly-Confined Brownian Particles

11:40 – 12:10 Gabriele De Chiara: Thermodynamics of quantum time crys-
tals
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10:10 – 12:10 2 session - C parallel: Quantum computing
Location: Pyramida Hotel Lecture Hall C

10:10 – 10:40 Matthias Zimmermann: Quantum computing with continuous
quantum systems

10:40 – 11:10 Ivan Rungger: Modelling non-Markovian noise in super-
conducting qubits

11:10 – 11:40 Paolo Piergentili: Low Noise Opto-Electro-Mechanical
Modulator for RF-to-Optical Transduc-
tion in Quantum Communications

11:40 – 12:10 Thomas Walther: A scalable quantum key distribution net-
work based on time-bin entanglement -
reloaded

12:10 – 13:00 Lunch

13:00 – 14:30 3 session: Biophysics
Location: Pyramida Hotel Lecture Hall A

13:00 – 13:30 Michael Thorwart: Unraveling quantum coherences in pho-
tosynthetic protein complexes at ultralow
temperatures

13:30 – 14:00 J. M. Rubi: Optimal transport of active particles in-
duced by substrate concentration oscilla-
tions

14:00 – 14:30 Stefan Klumpp: Patterns of active filaments

14:30 – 14:50 Coffee break

14:50 – 16:20 4 session: Non-equilibrium statistical physics
Location: Pyramida Hotel Lecture Hall A

14:50 – 15:20 Uri Peskin: Emergence of Boltzmann subspaces in
open quantum systems far from equilib-
rium

15:20 – 15:50 Rudolf Hilfer: Statistical Ensembles for Unstable Quan-
tum and Classical Systems

15:50 – 16:20 Aneta Stefanovska: Stability in multiscale oscillatory systems
away from equilibrium

16:20 – 18:10 Poster session and refreshment
Location: Pyramida hotel - first floor
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18:10 – 18:30 Free time

18:30 – 22:00 Evening session: Public lecture of John Mather and concert
Location: Pyramida Hotel Lecture Hall A

18:30 – 18:45 Opening address and music introduction
18:45 – 19:45 Public lecture
18:45 – 19:45 John C Mather: Discoveries with the James Webb Space

Telescope
19:45 – 20:00 Discussion after the lecture of John Mather

20:00 – 20:30 Break
20:30 – 22:00 Concert of classical music
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Friday, 26 July 2024

07:50 – 09:50 1 session: Topological states, Non-equilibrium physics
Location: Pyramida Hotel Lecture Hall A

07:50 – 08:20 Wolfgang Belzig: Topology, Weyl physics and quartets
in multi-terminal superconducting struc-
tures

08:20 – 08:50 Daniele Di Miceli: Quantum-anomalous-Hall current pat-
terns and interference in thin slabs of chi-
ral topological superconductors

08:50 – 09:20 Linda E Reichl: Particle-hole thermalization in a com-
posite super and normal conducting
nanowire

09:20 – 09:50 Jian-wei Pan:
online

Frommulti-photon entanglement to quan-
tum computational advantage

09:50 – 10:10 Coffee break

10:10 – 12:10 2 session - A parallel: General physics
Location: Pyramida Hotel Lecture Hall A

10:10 – 10:40 Jiří J. Mareš: On the Nature of Physical Constants
10:40 – 11:10 Sreenath K. Manikandan: Detecting single gravitons with quantum

sensing
11:10 – 11:40 Yanbei Chen: Toward Experimental Signatures of Semi-

classical Gravity
11:40 – 12:10 Gerard Kennedy: Blackbody Friction on a Moving

Nanoparticle: An Exactly Soluble
Model

10:10 – 12:10 2 session - B parallel: Nonequilibrium physics
Location: Pyramida Hotel Lecture Hall B

10:10 – 10:40 Yaroslav Pavlyukh: Time-Linear Quantum Transport Simula-
tions: Electroluminescence rectification
and high harmonic generation in molec-
ular junctions

10:40 – 11:10 Frithjof Anders: Restoring the continuum limit in the
time-dependent numerical renormaliza-
tion group approach
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11:10 – 11:40 Yasuhiro Utsumi: Spin states at the edges of a finite p-orbital
helical atomic chain attached to a ferro-
magnetic substrate

11:40 – 12:10 Branislav K. Nikolic: Schwinger-Keldysh nonperturbative
quantum field theory for driven-
dissipative spin systems

10:10 – 12:10 2 session - C parallel: Quantum thermodynamics
Location: Pyramida Hotel Lecture Hall C

10:10 – 10:40 Michael Galperin: Quantum Thermodynamics of Nanoscale
Molecular Systems.

10:40 – 11:10 Karen Hovhannisyan: Long-time equilibration can determine
transient thermality

11:10 – 11:40 Gerard McCaul: Thermal States via Quantum Dynamical
Emulation

11:40 – 12:10 Themistoklis Mavro-
gordatos:

Wave-particle correlations and quantum-
fluctuation asymmetry in multiphoton
Jaynes-Cummings resonances

12:10 – 13:00 Lunch

13:00 – 14:30 3 session: Non-equilibrium statistical physics
Location: Pyramida Hotel Lecture Hall A

13:00 – 13:30 Doron Cohen: Quantum Irreversibility
13:30 – 14:00 Jürgen T. Stockburger: Entropy augmentation through subaddi-

tive excess: a sane introduction of irre-
versibility into micro-dynamics

14:00 – 14:30 Vlatko Vedral:
online

Emergence of Constructor-Based Irre-
versibility in Quantum Systems

14:30 – 14:50 Coffee break

14:50 – 16:50 4 session: Many body physics, Quantum Hall effect
Location: Pyramida Hotel Lecture Hall A

14:50 – 15:20 E.K.U. Gross: Mechanisms of decoherence, an ab-initio
perspective

15:20 – 15:50 Christian D. Glattli: Probing the 2/3 fractional Quantum Hall
edge channel using electronic Hong Ou
Mandel shot noise correlation.
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15:50 – 16:20 Thierry Martin: Anyon braiding and interferometry in the
Fractional Quantum Hall effect

16:20 – 16:50 Yoram Alhassid:
online

Exploring the Fermi polaron problem
with canonical-ensemble quantum Monte
Carlo

16:50 – 18:00 Free time and transfer to Břevnov monastery

18:00 – 23:00 Guided tour, conference dinner and concert
Location: Břevnov Monastery

18:00 – 19:00 Guided tour through Břevnov monastery
19:00 – 19:20 Welcome
19:20 – 20:30 First part of the conference dinner
20:30 – 21:30 Concert of classical music
21:30 – 23:00 Second part of the conference dinner
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Saturday, 27 July 2024

08:20 – 09:50 1 session: Gravity, Cosmology
Location: Pyramida Hotel Lecture Hall A

08:20 – 08:50 Daine L Danielson: Black Holes Decohere Quantum Superpo-
sitions

08:50 – 09:20 Ron Folman and the Atom
Chip Group:

Can a Rock be a Wave? From 100 years
of De-Broglie’s Wave-Particle Duality, to
Quantum-Gravity.

09:20 – 09:50 John C Mather: Discoveries with the JWST, and what
comes next

09:50 – 10:10 Coffee break

10:10 – 12:10 2 session: Cold atoms
Location: Pyramida Hotel Lecture Hall A

10:10 – 10:40 Peter McClintock: Experiments on quantum turbulence in
superfluid He-4

10:40 – 11:10 Christopher G Baker: Nonlinear hydrodynamics on a chip:
wave breaking and multisoliton fission in
a superfluid waveflume

11:10 – 11:30 Milan Radonjić: Nanomechanically-induced nonequi-
librium quantum phase transition in a
Bose-Einstein condensate

11:30 – 11:50 Nicola Grani: Dynamics of vortices in strongly interact-
ing Fermi gases

11:50 – 12:10 Alberto Imparato: A quantum thermodynamics approach to
optimization in complex systems

12:10 – 13:00 Lunch

13:00 – 15:30 3 session: General physics
Location: Pyramida Hotel Lecture Hall A

13:00 – 13:30 James K Freericks: A Modernizing View of Heisenberg’s Ma-
trix Mechanics

13:30 – 14:00 Eliahu Cohen: Uncertainty relations and flow of time in
inertial and non-inertial quantum refer-
ence frames
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14:00 – 14:30 Theo M. Nieuwenhuizen: How the vacuum explains the Lorentz
electron, regular black hole interiors and
the dark matter

14:30 – 15:00 Cyril Elouard: Extending the Laws of Thermodynamics
for Arbitrary Autonomous Quantum Sys-
tems

15:00 – 15:30 Peter D. Keefe: Reflections on the 200th Anniversary of
the Second Law

15:30 – 16:00 Closing remarks
Location: Pyramida Hotel Lecture Hall A
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Tue, 23 July, 18:00 - 18:50, Public lecture L1

Musical Synchronization and the Secrets of Swing

Theo Geisel

Max Planck Institute for Dynamics and Self-Organization, Göttingen, Germany
Bernstein Center for Computational Neuroscience, Göttingen, Germany

It is a widespread opinion that musicians who are interacting together in a performance should
perfectly synchronize their timing. This view was challenged for the swing feel, a salient fea-
ture of jazz, which has eluded scientific clarification for a century. For much of this period
it was considered arcane, arguing that swing can be felt but not explained, until a theory of
‘participatory discrepancies’ raised the controversial claim that swing is caused by microtim-
ing deviations between different participating musicians [1] and put a question mark on the
synchronization of jazz musicians.

In several projects we have clarified the controversy on the central role of microtiming
deviations for the swing feel using data analytics [2] and experiments [3,4] in which we ma-
nipulated the timing of different instruments and measured the resulting swing feel through
ratings of professional jazz musicians. We thereby showed that involuntary random microtim-
ing deviations are irrelevant for swing [3], but found that a particular systematic microtiming
deviation between musicians enhances the swing feel and is a key component of swing in jazz
[4]. It consists in phase shifts, where downbeats of soloists are slightly delayed with respect to
a rhythm section, but offbeats remain strictly in phase.

This effect was unknown to professional jazz musicians, who were able to perceive the
differences, but unable to determine their nature. Thus musicians apparently use the effect
intuitively and unconsciously, as our data analysis of 456 renowned jazz solos revealed the use
of downbeat delays in almost all cases [4].

[1] C. Keil, Cultural Anthropology 2, 275 (1987)
[2] M. Sogorski, T. Geisel, and V. Priesemann, PLoS One 13(1), e0186361 (2018)
[3] G. Datseris, A. Ziereis, T. Albrecht, Y. Hagmayer, V. Priesemann, and T. Geisel, Sci. Rep.

9, 19824 (2019)
[4] C. Nelias, E.M. Sturm, T. Albrecht, Y. Hagmayer, and T. Geisel, Commun. Phys. 5, 237

(2022)
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Tue, 23 July, 15:30 - 16:20, Public lecture L2

The ring of Brownian motion: Its beneficial use for physics and elsewhere

Peter Hänggi

University of Augsburg, Department of Physics, Universitätsstrasse 1, 86135 Augsburg,
Germany

Since the turn of the 20-th century Brownian noise has continuously disclosed a rich variety of
phenomena in and around physics. The understanding of this jittering motion of suspended mi-
croscopic particles has undoubtedly helped to reinforce and substantiate those pillars on which
the basic modern physical theories are resting: Its formal description provided the key to great
achievements in statistical mechanics, the foundations of quantum mechanics and also astro-
physical phenomena, to name but a few. Recent progress of Brownian motion theory involves
the description of relativistic Brownian motion and its impact for relativistic thermodynamics,
or its role for fluctuation theorems and symmetry relations in recent developments for equilib-
rium and nonequilibrium thermodynamics/statistical mechanics.

Although noise commonly is hold as the enemy of order, it in fact also can be of construc-
tive influence. The phenomena of Stochastic Resonance andBrownianmotors present two such
archetypes wherein random Brownian dynamics together with unbiased nonequilibrium forces
beneficially cooperate in enhancing detection and/or in facilitating directed transmission of in-
formation. The applications range from information processing devices in physics, chemistry,
and physical biology to new hardware for medical rehabilitation. Particularly, additional non-
equilibrium disturbances enable the rectification of haphazard Brownian noise so that quantum
and classical objects can be directed along on a priori designed routes (such as with Brown-
ian motors). We conclude with an outlook for potential new applications and unsolved issues
occurring with the theory of Quantum Brownian and Quantum Thermodynamics.
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Tue, 23 July, 19:15 - 20:05, Public lecture L3

Fundamental Aspects of the Physics of Music

Allen Hermann

University of Colorado, Department of Physics, Campus Box 390, Boulder (80309-0390),
USA

In this lecture, we delve into the production of musical sounds and their organization intoWest-
ern musical scales, beginning with an examination of the piano keyboard to establish musical
nomenclature. For string instruments, wave motion and standing waves are fundamental, as
these principles are universal to all instruments. We then explore the historical development of
musical scales, starting with Pythagoras in the sixth century B.C.E., who devised a scale based
on eight notes between the tonic and the octave, where the octave’s frequency is twice that of
the tonic. The other notes in this scale are determined by the consonance between the tonic and
the fifth. We introduce the just scale, founded on the consonance between the tonic, the third,
and the fifth, followed by the tempered scale with equal intervals.

While the physics of string instruments is often intuitive, understanding wind instruments
can be more complex. We explain the basic principles of simple tubes, like flutes and clar-
inets, which can be open at both ends or closed at one end. Brass instruments, such as trumpets
and trombones, involve more advanced concepts and typically play higher harmonics, unlike
strings and woodwinds that predominantly play the fundamental harmonic. Throughout the
lecture, we use real-world and plastic “toy” instruments to demonstrate these concepts, con-
cluding with a jazz performance to illustrate their application.
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Thu, 25 July, 18:45 - 19:45, Public lecture L4

Discoveries with the James Webb Space Telescope

John C Mather

NASA GSFC, 8800 Greenbelt Road, Greenbelt, MD 20772 USA

The James Webb Space Telescope was launched on Dec. 25, 2021, and commissioning was
completed in early July 2022. With its 6.5 m golden eye, and cameras and spectrometers
covering 0.6 to 28 µm, Webb is already producing magnificent images and surprises about
galaxies, active galactic nuclei, star-forming regions, and planets. It extends the scientific
discoveries of the great Hubble, and ties the most distant galaxies to their origin story from the
fluctuations of the cosmic microwave background radiation. Scientists are hunting for some of
the first objects that formed after the Big Bang, the first black holes (primordial or formed in
galaxies), and beginning to observe the growth of galaxies, the formation of stars and planetary
systems, individual exoplanets through coronography and transit spectroscopy, and all objects
in the Solar System from Mars on out. It could observe a 1 cm2 bumblebee at the Earth-Moon
distance, in reflected sunlight and thermal emission. I will show how we built the Webb, why
we study infrared, and the most exciting current discoveries. Webb is a joint project of NASA
with the European and Canadian space agencies.

28



Invited Talks

29



Tue, 23 July, 13:30 - 14:00, 3 session - C parallel T1

Topological Defects: Creating and Imaging Quantum Matter

Eric Akkermans, Amit Goft, Yuval Abulafia, and Nadav Orion

Department of Physics, Technion-Israel Institute of Technology, Technion, Haifa, Israel

The tenfold classification of insulators and superconductors provides a useful and elegant
framework to study topological features. It allows to characterise quantum materials accord-
ing to specific symmetries (e.g. time reversal, particle-hole and chiral) and spatial dimension.
We show that it is possible to build on demand topological quantum materials by introducing
specific and properly tailored defects and textures (e.g vortices, kinks, domain walls, vacan-
cies) so as to navigate on the tenfold classification through modifications of symmetries and
of effective spatial dimensions.

To that purpose, we propose a new theoretical framework since spatial defects prevent using
the powerful Bloch representation for Hamiltonians. We build upon a deep analogy with the
classification of topological defects in thermodynamic phase transitions. This analogy paves
the way to a theory for topological phase transitions. While important to predict new topo-
logical phases, it is essential to observe them. We show how to directly measure topological
numbers by analysing dislocation patterns easily accessible from imaging methods such as
STM and resulting from a novel mesoscopic interference effect. Finally, we will show how
defect-induced and topologically protected states can be engineered to create and manipulate
inter-particle quantum entanglement.
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Tue, 23 July, 8:20 - 8:50, 1 session T2

Unraveling correlation in quantum master equations for open system
dynamics

Tapio Ala-Nissilä

Department of Applied Physics, QTF Center of Excellence, Aalto University, Konemiehentie
1, FIN-0076 Aalto, Espoo, Finland

Department of Mathematical Sciences, Interdisciplinary Centre for Mathematical Modelling,
Loughborough University, Loughborough LE11 3TU, Leicestershire, UK

In this talk I will discuss the range of validity of commonly used quantum master equations for
reduced dynamics of open quantum systems [1]. I will use our recently developed correlation
picture [2] to unravel the exact form of correlation appearing in such equations [3].

[1] Vasilii Vadimov, Jani Tuorila, Jurgen Stockburger, Tapio Ala-Nissila, Joachim Ankerhold,
and Mikko Mottonen, Phys. Rev. B 103, 214308 (2021).

[2] S. Alipour, A.T. Rezakhani, A.P. Babu, K. Molmer, M. Mottonen, and T. Ala-Nissila, Phys.
Rev. X 10, 041024 (2020).

[3] A. P. Babu, S. Alipour, A.T. Rezakhani, and T. Ala-Nissila, to appear in Phys. Rev. Res.
(2024).
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Fri, 26 July, 16:20 - 16:50, 4 session T3

Exploring the Fermi polaron problem with canonical-ensemble quantum
Monte Carlo

Yoram Alhassid1, Shasta Ramachandran1, and Scott Jensen2

1Center for Theoretical Physics, Sloane Physics Laboratory, Yale University, New Haven,
Connecticut 06520, USA

2Department of Physics, University of Illinois, Urbana, Illinois 61801, USA

The behavior of a mobile impurity that interacts strongly with a Fermi sea, first discussed by
Landau, is of fundamental importance in quantum many-body physics. This system has been
realized experimentally in ultra-cold atomic Fermi gases with tunable attractive short-range
interactions. In the so-called unitary limit of infinite scattering length, there is a crossover
from a dressed quasiparticle, known as the Fermi polaron, at low temperatures to a classical
Boltzmann gas at high temperatures. As a function of the inverse scattering length at a low
temperature, there is a transition from a Fermi polaron to a dressed molecule.

Theoretical explorations of the Fermi polaron have thus far relied mostly on uncontrolled
approximations. We carried out controlled calculations of the Fermi polaron thermodynamics
[1] using canonical-ensemble auxiliary-field Monte Carlo (AFMC) [2] methods on a discrete
lattice and extrapolating to the continuum limit [3,4]. Our canonical-ensemble AFMCmethods
are particularly suitable for exploring the Fermi polaron by projecting on an N-particle Fermi
sea of spin-up particles and on one spin-down particle. The spin-imbalanced Fermi gas has a
Monte Carlo sign problem but we find it to be moderate at and beyond unitarity.

We present results for the energy gap and for the contact, a fundamental property of quan-
tum many-body systems with short-range correlations. Our AFMC results for the temperature
dependence of the contact at unitarity agree with recent experiments but we find discrepan-
cies between theory and experiment in the dependence of the contact on the inverse scattering
length.

[1] S. Ramachandran, S. Jensen, and Y. Alhassid, in preparation (2024).
[2] For a recent review of AFMC, see Y. Alhassid, in Emergent Phenomena in Atomic Nu-

clei from Large-Scale Modeling: a Symmetry-Guided Perspective, edited by K.D. Launey,
(World Scientific, Singapore, 2017), Ch. 9, pp. 267 - 298.

[3] S. Jensen, C. N. Gilbreth, and Y. Alhassid, Phys. Rev. Lett. 124 (2020) 090604.
[4] S. Jensen, C. N. Gilbreth, and Y. Alhassid, Phys. Rev. Lett. 125 (2020) 043402.
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Fri, 26 July, 10:40 - 11:10, 2 session - B parallel T4

Restoring the continuum limit in the time-dependent numerical
renormalization group approach

Frithjof Anders

Lehrstuhl theo. Physik II, Fakultät Physik, Technische Universtät Dortmund, Otto-Hahn Str
4, 44227 Dortmund, Germany

The continuous coupling function in quantum impurity problems is exactly partitioned into a
part represented by a finite-sizeWilson chain and a part represented by a set of additional reser-
voirs, each coupled to oneWilson chain site. These additional reservoirs represent high-energy
modes of the environment neglected by the numerical renormalization group and are required
to restore the continuum limit of the original problem. We present a hybrid time-dependent
numerical renormalization group approach which combines an accurate numerical renormal-
ization group treatment of the nonequilibrium dynamics on the finite-size Wilson chain with
a Bloch-Redfield formalism to include the effect of these additional reservoirs. Our approach
overcomes the intrinsic shortcoming of the time-dependent numerical renormalization group
approach induced by the bath discretization with a Wilson parameter Λ>1. For the numeri-
cal solution of this master equation, a Lanczos method is employed which couples all energy
shells of the numerical renormalization group. The presented hybrid approach is applied to the
real-time dynamics in correlated fermionic quantum impurity systems.
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Thu, 25 July, 9:20 - 9:50, 1 session T5

Maxwell Matter Waves: Coherence Properties, Generation, and
Applications

Dana Zachary Anderson

Inflection & University of Colorado, 3030 Sterling Circle, Boulder, USA

This talk introduces a class of matter waves that are temporally coherent, and that are particu-
larly useful for applications such as inertial and other kinds of sensing. The coherence of these
waves is of the same type that characterizes electromagnetic fields, such as those associated
with a laser or a radio wave emitter. Maxwell’s equations tell us that an oscillating electric cur-
rent gives rise to an oscillating electromagnetic field. Certain ultracold atoms, such as 87Rb,
interact through s-wave scattering and repel each other in a manner somewhat reminiscent of
the repulsion of identical charges. One wonders if an oscillating current of atoms, then, give
rise to something analogous to an oscillating electromagnetic field. The answer is, perhaps
surprisingly, “yes”. Among the revolutions in physics of the past 50 years was the recognition
that Maxwell’s equations can be derived from a gauge-field treatment of interacting identical
charges. That is, the electromagnetic field is the gauge field associated with interacting mas-
sive, charged particles. In the same way, there is a gauge field that can be associated with
any set of identical interacting atoms. We refer to this gauge field as the Maxwell matter
wave field. We are certainly familiar with matter waves - the de Broglie waves that are the
quantum-mechanical wave description associated with massive particles, whose wavelength is
inversely proportional to the particle velocity. We show that de Broglie waves are the special
case of the Maxwell matter wave field at “DC”. The “AC” fields correspond to the coherent
matter waves of interest. Our topic of Maxwell matter waves is introduced from a practical
perspective to utilize these waves for inertial and other classes of atomic sensors. Methods for
generatingMaxwell matter waves involve the design of open quantum systems in which energy
is supplied by a Bose-Einstein condensate, a triple-well atomic potential introduces nonlinear
behavior, in particular gain, and output coupling to the vacuum provides a means of energy
dissipation along with the emission of the coherent matter waves.
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A Universal Framework for Quantum Dissipation: Minimally Extended
State Space and Exact Time-Local Dynamics

Meng Xu, Stockburger Jürgen, and Ankerhold Joachim

Institute for Complex Quantum Systems, Ulm University, Albert-Einstein-Allee 11, 89069
Ulm, Germany

Open quantum systems exchange energy or particles with their environments and constitute a
generic setting in all fields of physics. One prevalent scenario involves a system of interest em-
bedded in thermal reservoirs, a situation that is not only of fundamental relevance. Indeed, the
optimization and design of advanced quantum technologies demands efficient, versatile, and
precise theoretical simulation schemes that go beyond perturbative treatments of the reduced
density such as Lindblad and Master equations. Crucial questions are thus: Is it possible to
derive a uniform framework in form of an exact time-local equation for quantum dissipation
that is numerically efficient and applicable for arbitrary bath spectral densities and across the
whole temperature range? Can one relate other established approaches to this uniform theoret-
ical framework through ‘simple’ transformations?

We recently developed a theoretical platform (QD-MESS) which provides positive answers
to both questions [1]. It is directly derived from the Feynman-Vernon path integral expression
and exploits that the reservoir can be modelled in a mathematically consistent way through a
finite set of harmonic modes with complex-valued frequencies and complex valued amplitudes.
The consequences are far-reaching: In Fock state representation, this leads to an extended ver-
sion of the Hierarchical Equations of Motion (HEOM) approach for any given bosonic [2, 3]
and fermionic [4] noise spectra. Further, equations of motion in phase space, stochastic unrav-
elings, and pseudomode-Lindbladian formulations can be derived via appropriate ’rotations’
in Fock space. Recent applications to spin-systems will be discussed.

[1] Meng Xu, V. Vadimov, M. Krug, J. T. Stockburger, and J. Ankerhold, arXiv: 2307.16790
(2023).

[2] Meng Xu, Yaming Yan, Qiang Shi, J. Ankerhold, J. T. Stockburger, Phys. Rev. Lett. 129,
230601 (2022).

[3] MengXu, J. T. Stockburger, G. Kurizki, and J. Ankerhold, New J. Phys. 24, 035003 (2022).
[4] Xiaohan Dan, Meng Xu, J. T. Stockburger, J. Ankerhold, Qiang Shi, Phys. Rev. B 107,

195429 (2023).
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Mon, 22 July, 13:30 - 14:00, 3 session - C parallel T7

Spontaneous Breaking of Time Reversal Symmetry and Time-Crystal
States in Chiral Atomic Systems

Mauro Antezza

Laboratoire Charles Coulomb, Université Montpellier and CNRS, Place Eugène Bataillon -
cc 074, Montpellier, 34095, France

Institut Universitaire de France, 1 rue Descartes, F-75231 Paris Cedex 05, France

We present a theoretical study [1] of the interaction between an atom characterized by a degen-
erate ground state and a reciprocal environment, such as a semiconductor nanoparticle, without
the presence of external bias. Our analysis reveals that the combined influence of the electron’s
intrinsic spin magnetic moment on the environment and the chiral atomic dipolar transitions
may lead to either the spontaneous breaking of time-reversal symmetry or the emergence of
time-crystal-like states with remarkably long relaxation times. The different behavior is ruled
by the handedness of the precession motion of the atom’s spin vector, which is induced by
virtual chiral-dipolar transitions. Specifically, when the relative orientation of the precession
angular velocity and the electron spin vector is as in a spinning top, the system manifests time-
crystal-like states. Conversely, with the opposite relative orientation, the system experiences
spontaneous symmetry breaking of time reversal symmetry. Our findings introduce a mecha-
nism for the spontaneous breaking of time-reversal symmetry in atomic systems, and unveil an
exciting opportunity to engineer a nonreciprocal response at the nanoscale, exclusively driven
by the quantum vacuum fluctuations.

[1] M.G. Silveirinha, H. Terças, and M. Antezza, Phys. Rev. B 108, 235154 (2023) [Editors’
Suggestion].
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Static properties of an asymmetric impurity in a dipolar BEC

Jeremy R Armstrong1, Neelam Shukla1, and Artem G Volosniev2

1University of Nebraska at Kearney, 2502 19th Ave, Discovery Hall 333, Kearney, USA
2Aarhus University, Ny Munkegade 120, DK-8000 Aarhus C

To understand the relaxation dynamics in closed quantum systems, we investigate the inter-
action of a impurity with a quantum environment. We present a three-dimensional physical
model in which the static impurity is introduced into a Bose-Einstein condensate of dipolar
gas. The modified Gross-Pitaevskii equation is solved numerically employing the split-step
Crank-Nicolson method. This allows us to calculate various properties of the static impu-
rity, including self-energy and density. Additionally, we investigate the effects of asymmetry
by deforming the impurity, leading to variations in density results. Exploring changes in the
impurity’s orientation for different deformation scenarios yields density results at various an-
gles. The obtained density results reveal interesting non-uniform variations in response to these
changes, demonstrating the between the impurity and the surrounding Bose-Einstein conden-
sate of dipolar gas.
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Time evolution of a far-from-equilibrium BEC: turbulence, scalability,
reversing cascade, and thermalization

Vanderlei S. Bagnato

IFSC-University of São Paulo, Texas A&M University - Biomedical and Physics Department,
Caixa Postal 369, São Carlos, Brazil

In this presentation, we combine many of the experiments carried out in Brazil related to the
production and characterization of a Bose Condensate of Rb atoms, far- from equilibrium. The
trapped BEC after excitation, can evolve, promoting a migration of energy/particles from the
largest to the smallest scales in a cascade process. We perform temporal excitations that con-
sist of deformation and potential rotation, causing the system to evolve into a turbulent regime.
Simulations demonstrated the generation of solitons, vortices, and waves in the sample. Using
time-of-flight techniques, we measure the distribution of moments, n(k,t) and from this, we
obtain the energy spectrum E(k,t). This allows identifying the inertial regions, where E(k, t) is
dependent on the power law (inertial region) characteristic of the turbulent regime, and mea-
suring the energy flow that migrates between the scales and its preservation from the absence
of dissipation. We have developed a new way of analyzing the problem by looking at the distri-
bution of lower-moment modes. Using differential equation analysis based on the spatial-time
variation of the moment distribution, many properties are determined and compared to the ex-
periment, including the power law relationship with the presence of scalability. The temporal
evolution of the moment distribution for the lower modes allows the determination of different
intervals where process specifics in the route to equilibration occur. We observe the establish-
ment of turbulence, and it decays, taking the system back to pre-thermalization followed by
final thermalization, recovering the condensate in its final conditions. Interpretations are of-
fered for all stages of the time evolution to offer more interpretation to the challenge problem
of the time evolution of a non-equilibrium quantum many-particle system.

38



Sat, 27 July, 10:40 - 11:10, 2 session T10

Nonlinear hydrodynamics on a chip: wave breaking and multisoliton
fission in a superfluid waveflume

Christopher G Baker, Walter W Wasserman, Matthew T Reeves, Raymond A Harrison, Igor
Marinkovic, Glen I Harris, and Warwick P Bowen

ARC Centre of Excellence for Engineered Quantum Systems, School of Mathematics and
Physics, University of Queensland, St Lucia, QLD 4072, Australia

In this talk I will present research interfacing cavity optomechanics and superfluid physics for
the study of nonlinear wave phenomena.

Building upon our previous work in superfluid optomechanics [1], I will present a novel
sensor architecture formed by covering nanofabricated silicon photonic crystal beams with a
thin superfluid helium-4 film. This creates an optically addressable quasi-one-dimensional
wave tank containing a few femtoliters of superfluid helium, upon which waves can be gener-
ated, propagate and be readout.

Superfluid helium’s characteristics present a unique opportunity for the study of nonlinear
wave propagation. Indeed, thanks to superfluid helium’s vanishing viscosity, the depth of the
film h can readily be made as small as a few nanometers without wave attenuation–something
impossible to do with classical fluids. Our platform thus enables us to generate waves whose
aspect ratio (defined as the wavelength over depth λ/h) exceeds 10,000:1, two orders of mag-
nitude larger than that achievable in the world’s largest wave tanks and exceeding that of the
most extreme terrestrial phenomena such as tsunamis. This, combined with our recently devel-
oped ability to engineer strong fountain pressure forces [2], now allows us to combine within
a single device high spatial and temporal resolution along with strong actuation capabilities.

Leveraging these unique characteristics, I will show how our superfluid wave tank enables
us to generate and measure (within a sub-millimetre-sized device in a laboratory setting) a rich
variety of superfluid nonlinear wave phenomena for the first time, including wavebreaking,
multisoliton fission and optomechanical dissipative solitons [3] - opening up the way for the
study of extreme regimes of nonlinear hydrodynamics on a chip.

[1] X. He et al., Nature Physics 16, 4 (2020); Y. P. Sachkou et al., Science 366, 1480 (2019),
G. Harris et al, Nature Physics 12, 8 (2016) ; W. W. Wasserman et al., Opt. Express 30,
30822 (2022) ; C. Baker et al., New J. Phys 18, 123025 (2016)

[2] A. Sawadsky et al., Science Advances 9, eade3591 (2023)
[3] J. Zhang et al., Optomechanical Dissipative Solitons, Nature 600, 75 (2021)

39



Fri, 26 July, 7:50 - 8:20, 1 session T11

Topology, Weyl physics and quartets in multi-terminal superconducting
structures

Wolfgang Belzig

University of Konstanz, Universitätsstr. 10, 78457 Konstanz, Germany

Topology ultimately unveils the roots of the perfect quantization observed in complex sys-
tems. The 2D quantum Hall effect is the celebrated archetype. Remarkably, topology can
manifest itself even in higher-dimensional spaces defined by control parameters playing the
role of synthetic dimensions. However, so far, a very limited number of implementations
of higher-dimensional topological systems have been proposed, a notable example being the
so-called 4D quantum Hall effect. In this talk show how to engineer non-trivial topological
signatures like Weyl-nodes in synthetic dimensions created by multi-terminal superconductors
and how Berry spectroscopy can be used to extract information about the systems quantum
geometry [1]. Furthermore, I will show that mesoscopic superconducting systems can imple-
ment higher-dimensional topology and represent a formidable platform to study a quantum
system with a purely nontrivial second Chern number [2]. I discuss that these systems also
admit a non-Abelian Berry phase. Hence, they also realize an enlightening paradigm of topo-
logical non-Abelian systems in higher dimensions. Furthermore, such systems can host exotic
topological signatures like tensor monopoles [3]. Finally, I comment on recent experimental
progress to implement synthetic dimensions in semiconductor-superconductor heterostructures
[4] and the analysis revealing Cooper pair quartet [4].

[1] R. L. Klees, G. Rastelli, J. C. Cuevas, and W. Belzig Microwave spectroscopy reveals the
quantum geometric tensor of topological Josephson matter Phys. Rev. Lett. 124, 197002
(2020)

[2] H. Weisbrich, R.L. Klees, G. Rastelli and W. Belzig Second Chern Number and Non-
Abelian Berry Phase in Superconducting Systems PRX Quantum 2, 010310 (2021)R. L.
Klees, G. Rastelli, J. C. Cuevas, and W. Belzig Microwave spectroscopy reveals the quan-
tum geometric tensor of topological Josephson matter Phys. Rev. Lett. 124, 197002 (2020)

[3] H.Weisbrich, M. Bestler, W. Belzig, TensorMonopoles in superconducting systems, Quan-
tum 5, 601 (2021)

[4] M. Coraiola, D. Z. Haxell, D. Sabonis, H.Weisbrich, A. E. Svetogorov, M. Hinderling, S. C.
ten Kate, E. Cheah, F. Krizek, R. Schott, W. Wegscheider, J. C. Cuevas, W. Belzig, and F.
Nichele, Phase-engineering the Andreev band structure of a three-terminal Josephson junc-
tion, Nat. Commun. 14, 6784 (2023); David Christian Ohnmacht, Marco Coraiola, Juan
José García-Esteban, Deividas Sabonis, Fabrizio Nichele, Wolfgang Belzig and Juan Carlos
Cuevas, Quartet Tomography in Multiterminal Josephson Junctions, [arXiv:2311.18544]
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The distribution of first passage times of random walks on random
regular graphs

Ofer Biham, Ido Tishby, and Eytan Katzav

The Hebrew University, Racah Institute of Physics, Jerusalem, Israel

We present analytical results for the distribution of first passage times of random walks (RWs)
on random regular graphs (RRGs) [1]. RRGs are random networks, consisting of N nodes,
in which all the nodes are of the same degree c ≥ 3 and the connections are random and
uncorrelated. Starting from a random initial node i at time t = 0, at each time step t ≥ 1 an
RW hops into a random neighbor of its previous node. For an RW starting from an initial node
i, the first-passage (FP) time TFP from i to a target node j is the first time at which the RW
visits the target node j. The first-passage time varies between different instances of the RW
trajectory. The distribution of first-passage times may depend on the choice of the initial node
i and the target node j. In particular, it may depend on the length ℓij of the shortest path (also
referred to as the distance) between i and j. Averaging over all possible choices of the initial
node i and the target node j one obtains the distribution of first-passage times P (TFP = t).

We distinguish between the case in which the first-passage trajectory from the initial node
i to the target node j follows the shortest path (SPATH) between i and j and the case in which
it does not follow the shortest path (non-SPATH). The SPATH trajectories are characterized by
the property that the subnetwork that consists of the nodes and edges along the trajectory is a
tree network and the distance ℓij between i and j in this subnetwork is the same as in the whole
network. The SPATH scenario takes place mainly for pairs of nodes for which the distance ℓij
is small, while most of the first passage trajectories follow the non-SPATH scenario.

The special case in which the initial node i is also chosen as the target node (i = j) is called
the first return (FR) problem. The distributionP (TFR = t) of first return times of RWs onRRGs
was studied in Ref. [2]. The characteristic time scale of first passage processes (when i and
j are not too close to each other) is of order t ∼ N . Another important event, which occurs
at much longer time scales, is the step at which the RW completes visiting all the nodes in the
network. The time at which this happens is called the cover time, which scales like t ∼ N lnN
[3].

[1] I. Tishby, O. Biham and E. Katzav, J. Stat. Mech. (2022) 113403.
[2] I Tishby, O. Biham and E. katzav, J. Phys. A 54 (2021) 325001.
[3] I. Tishby, O. Biham and E. Katzav, J. Phys. A 55 (2022) 015003.
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Electron transport in cable bacteria

Yaroslav M. Blanter

Kavli Institute of Nanoscience, Delft University of Technology, Lorentzweg 1, Delft,
Netherlands

It was recently discovered experimentally that cable bacteria exhibit electric conduction, and
that the temperature behaviour of electrical conducnptance is different at high and low temper-
atures. We show that the main features of this behaviour can be explained using the model of
a hopping chain, choosing the hopping rates to be classical Marcus rates at high temperatures
and quantum analog of the Marcus expression for low temperatures. There are however some
experimental details which are not accounted for in this model and require further investigation.

[1] Jasper R. van der Veen, Silvia HidalgoMartinez, AlbertWieland, MatteoDe Pellegrin, Rick
Verweij, YaroslavM.Blanter, Herre S. J. van der Zant, Filip J. R.Meysman, arXiv:2308.09560

[2] Jasper R. van der Veen, Stephanie Valianti, Herre S. J. van der Zant, Yaroslav M. Blanter,
Filip J. R. Meysman, Phys. Chem. Chem. Phys. 26, (2024) 3139
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Accelerating nonequilibrium Green functions simulations: the G1-G2
scheme

Michael Bonitz, Jan-Philip Joost, Karsten Balzer, Christopher Makait, and Erik K Schroedter

Institute for Theoretical Physics and Astrophysics, Universiy Kiel, Germany, Leibnizstr. 15,
24098 Kiel, Germany

Full two-time NEGF simulations suffer from a cubic scaling of the CPU time with the sim-
ulation duration. Recently we have introduced the G1-G2 scheme that exactly reformulates
the Hartree-Fock-GKBA into time-local equations, allowing for a dramatic reduction to time-
linear scaling [1]. Remarkably, this scaling is achieved quickly, and also for high-level selfen-
ergies, including nonequilibrium GW and T-matrix appro-ximation [2]. Even the dynamically
screened ladder approximation is now feasible [3]. I will present applications to nonequilib-
rium situations including laser excitation of graphene nanoribbons [4] and ion stopping and
neutralization by graphene and TMDC monolayers [5].

The scaling advantage of the G1-G2 scheme comes at a price, and I will discuss how these
problems can be solved: i) for strong coupling situations and long simulations, the scheme
becomes unstable which can be cured using purification schemes [3,4] ii) It is necessary to
store the time-diagonal two-particle Green function which rapidly growswith system size. This
can be overcome, for the GW approximation, using a recently developed quantum fluctuations
approach [6]. Another promising concept to reduce the simulation size is the use of embedding
selfenergies. Here, we demonstrate how the embedding concept can be introduced into the G1-
G2 scheme, allowing us to drastically accelerate NEGF embedding simulations [7]. A recent
review on the G1-G2 scheme can be found here [8].

[1] N. Schlünzen, J.-P. Joost, and M. Bonitz, Phys. Rev. Lett. 124, 076601 (2020)
[2] J.-P. Joost, N. Schlünzen, and M. Bonitz, Phys. Rev. B 101, 245101 (2020)
[3] J.-P. Joost et al., Phys. Rev. B 105, 165155 (2022)
[4] J.-P. Joost, PhD thesis, Kiel University 2022
[5] A. Niggas et al., Phys. Rev. Lett. 129, 086802 (2022)
[6] E. Schroedter et al. Cond. Matt. Phys. 25, 23401 (2022), Phys. Rev. B 108, 205109 (2023)
[7] K. Balzer, N. Schlünzen, H. Ohldag, J.-P. Joost, and M. Bonitz, Phys. Rev. B 107, 155141

(2023)
[8] M. Bonitz et al., phys. Stat. Sol. (b) 2024, http://arxiv.org/abs/2312.15030
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Quantum optomechanics for investigating the collapse of the quantum
wave function

Dirk Bouwmeester1,2, Vitaly Fedoseev2, Ian Hedgepeth1, Fernando Luna1, Xinrui Wei2, Leon
Raabe2, Wolfgang Loeffler2, Geert Timmerman2, Hidde Kanger2, Harmen van der Meer2,

Kier Heeck2, and Enrique Morell2

1UCSB, Department of Physics, Santa Barbara, USA
2Huygens-Kamerlingh Onnes Laboratory, Leiden University, the Netherlands

Understanding the apparent collapse of the quantum wave function upon a measurement is still
a challenge for modern science. Of course, environment induced decoherence is an important
aspect of this problem, but leads to the notion of a multi-universe. Scientists, including Roger
Penrose, have argued that the notion of a single universe is restored if there is an additional
physical mechanism, possibly including gravity, that underlies the collapse process. This leads
to experimentally testable predictions for large mass systems, and we proposed such an exper-
iment many years ago [1].

We will present the experimental progress towards testing the collapse of macroscopic
quantum superpositions. We make use of optomechanical systems in order to transfer pho-
ton superposition states into macroscopic mechanical superposition states. In multimode op-
tomechanical systems, the mechanical modes can be coupled via the radiation pressure of the
common optical mode, but the fidelity of the state transfer is limited by the optical cavity de-
cay. We demonstrate stimulated Raman adiabatic passage (STIRAP) in optomechanics, where
the optical mode is not populated during the coherent state transfer between the mechanical
modes, thus avoiding this decay channel [2]. We show a state transfer of a coherent mechani-
cal excitation between vibrational modes of a membrane in a high-finesse optical cavity with a
transfer efficiency of 86%. Combined with high mechanical quality factors, STIRAP between
mechanical modes can enable generation, storage, and manipulation of long-lived mechanical
quantum states, which is important for quantum information science and for the investigation
of macroscopic quantum superpositions. A crucial aspect of exploring the quantum regime in
optomechanics is the ability to detect individual photons that have been up or down converted
in frequency from the optical pump frequency by the absorption or emission of a phonon. This
requires a narrow bandwidth optical frequency filter that passes the up or down converted pho-
tons while suppressing the pump beam well below the detection-rate of the converted photons.
We demonstrate a four coupled cavity filter system that can filter out, with 40% overall detec-
tion efficiency, individual photons up or down converted by 1 MHz via optomechanics from a
pump source.

[1] W. Marshall, C. Simon, R. Penrose, and D. Bouwmeester Phys. Rev. Lett. 91 (2003)
130401.

[2] V. Fedoseev, F. Luna, I. Hedgepeth, W. Löffler, and D. Bouwmeester Phys. Rev. Lett. 126
(2021) 113601
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Nonlocal thermoelectric detection of interaction and correlations in
Quantum Hall edge states

Alessandro Braggio1, Matteo Carrega2, Bjoern Sothmann3, and Rafael Sanchez4

1Istituto Nanoscienze CNR, NEST, Scuola Normale Superiore Pisa, Piazza San Silvestro 12,
Pisa 56127, Italy

2SPIN-CNR, Via Dodecaneso 33, 16146 Genova, Italy
3Theoretische Physik, Universitaet Duisburg-Essen and CENIDE, D-47048 Duisburg,

Germany
4Departamento de Fisica Teorica de la Materia Condensada, Condensed Matter Physics

Center (IFIMAC), and Instituto Nicola ́s Cabrera, Universidad Autonoma de Madrid, 28049
Madrid, Spain

Nonequilibrium effects in interacting systems are among the most difficult problems in meso-
scopic physics. This is even more crucial in quantum Hall systems where the electronic co-
herent nature, non-equilibrium features and interactions make the physics very complex[1,2].
Hereafter, we propose the nonlocal thermoelectric response as a direct indicator of the presence
of interactions, nonthermal states and the effect of correlations[3]. This is done by assuming
a quantum Hall setup where two channels (connected to reservoirs at different temperatures)
co-propagate for a finite distance, such that a thermoelectrical response is only expected when
the electron-electron interaction mediates heat exchange between the channels. The nonlocal
Seebeck response measures the interaction strength. Considering zero-range interactions, we
solve the charge and energy currents and noises of a non-equilibrium integrable interacting sys-
tem, determining the universal interaction-dependent length scale of energy equilibration for
a Luttinger liquid. Further, a setup with two controllable quantum point contacts allows ther-
moelectricity to monitor the interacting system thermalisation as well as the fundamental role
of cross-correlations in the heat exchange at intermediate length scales. Finally, the proposed
methodology could inspire novel methods in solid-state systems to measure heat currents by
direct thermoelectrical conversion of the heat-exchange in electrical current signal.

[1] C. Altimiras, H. le Sueur, U. Gennser, A. Cavanna, D. Mailly, and F. Pierre, Nat. Phys. 6
(2010) 34.

[2] K. Itoh, R. Nakazawa, T. Ota, M. Hashisaka, K. Muraki, and T. Fujisawa, Phys. Rev. Lett.
120 (2018) 197701.

[3] A. Braggio, M. Carrega, B. Sothmann and R. Sánchez, Phys. Rev. Research 6 (2024)
L012049.
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Towards exact factorization of quantum dynamics via Lie algebras

David Edward Bruschi1, André Xuereb2, and Robert Zeier3

1Institute for Quantum Computing Analytics (PGI-12), Forschungszentrum Jülich, 52425
Jülich, Germany

2Department of Physics, University of Malta, MSD 2080 Msida, Malta
3Quantum Control (PGI-8), Forschungszentrum Jülich, 52425 Jülich, Germany

Determining exactly the dynamics of a physical system is the paramount goal of any branch of
physics. Quantum dynamics are characterized by the non-commutativity of operators, which
implies that the dynamics usually can rarely be tackled analytically. A priori knowledge on the
ability to obtain exact results would be of great advantage for many tasks of modern interest,
such as quantum computing and quantum control.

We initiate an approach to determine the dimensionality of a Hamiltonian Lie algebra by
characterizing its generators. This requires us to develop a new tool to construct sequences
of operators that determine the dimension of the algebra itself. Our work is exact and fully
general, therefore providing statements on the ultimate ability to exactly control the dynamics
or simulate specific classes of physical systems. This work has important implications for
theoretical physics, and it aids our understanding of the structure of the Hilbert space, as well
as Lie algebras.
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Non-Markovian character, irreversibility, and entanglement entropy of
real-time quantum many-body dynamics

Aurel Bulgac

University of Washington, 3910 15th Ave NE, Seattle, USA

In 1872 the Boltzmann introduce an equation which describes the irreversible Markovian dy-
namics of a classical many-body system in terms of the mass probability where are the coordi-
nates momenta of a “fluid particle.” This equation has been extended to quantum many-body
systems by Nordheim (1928) and Uehling and Uhlenbeck (1933), by introducing a generalized
the collision integral and in the case of quantum systems, where is replaced with the Wigner
transform of the one-body density matrix. Either the classical or quantum extension of the
Boltzmann equations have an eerie similarity with the Kohn-Sham Time-Dependent Density
Functional Theory (TDDFT) equations (extended to fermionic superfluid systems) which are
formulated in terms of the one-body density matrix. The main difference between the two
formulations is that the quantum Boltzmann equation is formulated in terms of one-body prob-
abilities, while the TDDFT equations are formulated in terms of quantum single-particle am-
plitudes and thus capable of describing interference and quantum coherence phenomena.

The extension of TDDFT is mathematically equivalent to the time-dependent many-body
Schrödinger equation at the one-body density level. The presence of collisions in TDDFT leads
to conspicuous a non-Markovian time evolution along with irreversibility and also to quantum
entanglement, even though the quantum dynamics is at the same time dissipative, aspect absent
in the quantum extension of the Boltzmann equation due to Nordheim and Uehling and Uhlen-
beck, which are still widely used in the description of quantum systems, which cannot describe
quantum turbulence, when quantum vortices cross and reconnect. I will present several exam-
ples of the quantum dynamics of the decay of superfluid vortices in the Unitary Fermi Gas and
related phenomena in nuclear systems.
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Exact Solution for the Heat Conductance in Harmonic Chains

Gabriel A. Weiderpass1, Gustavo M. Monteiro2, and Amir O. Caldeira3

1Department of Physics, The University of Chicago, Chicago, Illinois 60637, USA
2Department of Physics, City College, City University of New York, New York, New York

10031, USA
3Universidade Estadual de Campinas, Rua Sergio Buarque de Holanda 777, Cidade

Universitária, Campinas, 13083-859, Brazil

We present an exact solution for the heat conductance along a harmonic chain connecting two
reservoirs at different temperatures. In this model, the end points correspond to Brownian par-
ticles with different damping coefficients. Such analytical expression for the heat conductance
covers its behavior from mesoscopic to very long one-dimensional quantum chains and vali-
dates the ballistic nature of the heat transport in the latter example. This implies the absence
of the Fourier law for classical and quantum harmonic chains. We also provide a thorough
analysis of the normal modes of system which helps us to satisfactorily interpret these results.
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Physical explanation for the emergence of the quantum operator
formalism and its connection with linear response theory

Ana Maria Cetto and Luis de la Peña

Instituto de Física, UNAM, Mexico, Circuito de la Investigación Científica, CU, 04510
México, DF, Mexico

To address the question of the physical origin of the quantum operator formalism, we follow the
approach of stochastic electrodynamics by considering the interaction of matter with the full
radiation field, including the zero-point field. We take an atomic system in a stationary state
and analyze in detail its linear, resonant response to the driving field. A one-to-one relation
is established between the (c-number) response variables and the corresponding operators; the
Poisson bracket of the response variables with respect to the driving field amplitudes takes the
form of the (x.p) commutator, the response coefficients playing the role of matrix elements.
The results obtained allow to establish a natural contact with linear response theory at the fun-
damental quantum level. To account for the order of the response variables, which is reflected
in the non-commutativity of the operators, we introduce the concept of ordered covariance,
both for the atomic system and for the field.
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Controlled asymmetric Ising model implemented with parametric
micromechanical oscillators

C. Han1, M. Wang1, B. Zhang1, M. I. Dykman2, and H. B. Chan1

1Hong Kong University of Science and Technology, Clear Water Bay, Hong Kong, China
2Department of Physics and Astronomy, Michigan State University, East Lansing, Michigan

48824, USA

We show that coupled parametric oscillators provide a well-controlled and fully characteriz-
able physical system for implementation of the asymmetric Ising model, where two coupled
spins affect each other differently. Each resonator is parametrically modulated so that there
are two coexisting states of vibrations with phase difference of π. The presence of noise in-
duces switching between the two states. When the oscillators are weakly coupled, the rate of
interstate switching is changed. The change is asymmetric if the oscillators are not identical.
Using two non-identical oscillators weakly coupled to each other, we demonstrate that detail
balance is broken. A probability current emerges in the stationary state.
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Fri, 26 July, 11:10 - 11:40, 2 session - A parallel T22

Toward Experimental Signatures of Semiclassical Gravity

Yanbei Chen

California Institute of Technology, 1200 E California Blvd, MC 350-17, Pasadena, USA

Testing the quantum nature of gravity in the laboratory has recently become an active field of
research. In this talk, I will discuss two theoretical aspects of this research program.

It has been argued that sinceNewtonian gravity can be incorporated as a term in the Schroedinger
equation, its quantumness does not necessarily require the quantization of the gravitational
field. In connection to this, Danielson, Satischandran and Wald considered a series of thought
experiments, inwhich the transfer of quantum information viaNewtonian gravity can be viewed
as information transfer by gravitons. In the most exciting thought experiment, they showed that
gravitating static quantum systems near a Killing horizon will undergo quantum decoherence
via soft-graviton emission across the horizon. I will discuss how this effect can also be under-
stood as a form of the Unruh effect.

Another aspect of the research program is to explore “classical” theories of gravity, namely
whether a classical field theory can be constructed to describe the effect of gravitational interac-
tion between quantum systems, in a way that recovers the phenomenology of classical gravity.
I will describe a “causal-conditional formulation” of semiclassical gravity, which is a causality-
preserving extension of the nonlinear Schroedinger-Newton theory. I will make connections
between this theory and other semiclassical gravity theories (e.g., by Kafri, Taylor andMilburn
and by Oppenheim), as well as the Diosi-Penrose and CSL collapse models.
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Tue, 23 July, 14:50 - 15:10, 3 session - C parallel T23

The quasi-1D polaron problem. When is 1D still 1D?

Frédéric Chevy

Laboratoire de physique de l’ENS, Ecole Normale Supérieure, CNRS, 24 rue Lhomond,
Paris, France

Quantum simulation requires excellent knowledge of the Hamiltonian governing the behavior
of the simulator. In the case of highly correlated systems, recent developments have suggested
that usual models are not applicable and that efforts should be focused on the search and un-
derstanding of the effective Hamiltonians describing these systems. In this talk, I will discuss
this question in the context of the study of one-dimensional systems with strongly correlated
fermionic gases. In particular I will discuss how the interplay between interactions and con-
finement leads to emergent few body interactions that alter the properties of the system with
respect to simple model Hamiltonians.
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Quantum Irreversibility

Doron Cohen

Ben-Gurion University, Physics Department, Beer-Sheva 84105, Israel

Quantum mechanically, a driving process is expected to be reversible in the quasistatic limit,
aka adiabatic theorem. This statement stands in opposition to classical mechanics, wheremix of
regular and chaotic dynamics implies irreversibility. A paradigm that demonstrates the emer-
gence of a novel regime of “quantum irreversibility” is introduced [1]. Specifically, an atom-
tronic superfuild ring is considered. Initially the ring is at rest, and the condensed bosons have
zero momentum. The rotation velocity of the ring is increased gradually from zero to a finite
value that is large enough to induce flow. Then, the rotation velocity of the ring is gradually
decreased back to zero, and the final energy distribution of the particles is probed.

[1] Y. Winsten and D. Cohen, Phys. Rev. A 107 (2023) 052202.
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Sat, 27 July, 13:30 - 14:00, 3 session T25

Uncertainty relations and flow of time in inertial and non-inertial
quantum reference frames

Eliahu Cohen

Bar-Ilan University, Max VeAnna Webb St, Ramat Gan 5290002, Israel

Uncertainty relations play a crucial role in quantum mechanics [1]. On the one hand, we have
shown that the locality of generalized uncertainty relations gives rise to both known and hith-
erto unknown bounds on quantum correlations [2-4]. On the other hand, in a recent work [5]
we have emphasized the relational aspects of position uncertainties, clock uncertainties and
their influence on each other within the framework of quantum reference frames. In this talk I
will address both local and relational aspects of uncertainty relations trying to reconcile them
via a properly defined covariance matrix structure. As constructive examples of this approach
I will discuss novel time-energy uncertainty relations [6], the appearance of non-unitarity from
the perspective of non-inertial quantum clocks [7] and general consequences regarding entan-
glement and the relational flow of time.

[1] E. Cohen and A. Carmi, Entropy 22 (2020) 302.
[2] A. Carmi, and E. Cohen, Sci. Adv. 5 (2019) eaav8370.
[3] A. Carmi, Y. Herasymenko, E. Cohen, and K. Snizhko, New J. Phys. 21 (2019) 073032.
[4] R. Lenny, A. Te’eni, B.Y. Peled, A. Carmi, and E. Cohen, Quantum Inf. Process. 22 (2023)

292.
[5] M. Suleymanov, I.L. Paiva, and E. Cohen, Phys. Rev. A 109 (2024) 032205.
[6] I.L. Paiva, A.C. Lobo, and E. Cohen, Quantum 6 (2022) 683.
[7] I.L. Paiva, A. Te’eni, B.Y. Peled, E. Cohen, and Y. Aharonov, Commun. Phys. 5 (2022)

298.
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Can quantum theory be underpinned by a non-local hidden variable
theory?

Bryan Dalton

Centre for Quantum Technology Theory, Swinburne University of Technology, John St,
Melbourne 3122, Australia

The description by a Bell-type non-local hidden variable theory of bipartite quantum states
with two observables per sub-system is considered. Bell inequalities [1] of the Collins-Gisin
-Liden-Massar-Popescu type [2] which involve combinations of the probabilities of related
outcomes for measurements for the four pairs of sub-system observables are derived. It is
shown that the corresponding quantum theory expressions violate the Bell inequalities in the
case of the maximally entangled state of the bipartitite system. This shows that quantum theory
can not be underpinned by a Bell-type non-local hidden variable theory. So as a Bell-type local
hidden variable theory has already been shown to conflict with quantum theory, it follows that
quantum theory can not be understood in terms of any Bell-type hidden variable theory.

[1] J Bell, Physics, 1, 195 (1964)
[2] D Collins, N Gisin, N Linden, S Massar and S Popescu, Phys. Rev. Letts. 88, 040404

(2002)
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Black Holes Decohere Quantum Superpositions

Daine L Danielson1, Gautam Satishchandran2, and Robert M Wald1

1Enrico Fermi Institute, Kadanoff Center for Theoretical Physics, and Department of
Physics, The University of Chicago, Chicago, IL 60637, USA

2Princeton Gravity Initiative, Princeton University, Princeton, NJ 08544, USA

We show that if a massive (or charged) body is put in a quantum superposition of spatially
separated states in the exterior of a black hole, the mere presence of the black hole will eventu-
ally destroy the coherence of the superposition. This occurs because, in effect, the long-range
fields sourced by the body radiate soft gravitons/photons through the horizon, allowing the
black hole to harvest “which path” information about the superposition. The electromagnetic
decoherence arises only when the superposed particle carries electric charge. However, since
all matter sources gravity, the quantum gravitational decoherence applies to all superpositions.
We provide estimates of the decoherence time for such quantum superpositions.

Based on [1], [2], [3], and work to appear.

[1] D. L. Danielson, G. Satishchandran, R. M. Wald, Phys. Rev. D 105, 086001 (2022)
[2] D. L. Danielson, G. Satishchandran, R. M. Wald, Int. J. Mod. Phys. D 31 (2022) 14,

2241003
[3] D. L. Danielson, G. Satishchandran, R. M. Wald, Phys. Rev. D 108, 025007 (2023)
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Wed, 24 July, 16:30 - 16:50, 4 session - B parallel T28

On ensemble dependence of fluctuation-induced forces: Exact results for
Casimir and Helmholtz forces

Daniel M Dantchev

Institute of Mechanics, Bulgarian Academy of Sciences, Akad. G. Bontchev St. bl. 4, 1113
Sofia, Bulgaria

Fluctuations are ubiquitous; they unavoidably appear in any matter, either due to its quantum
nature or due to the nonzero temperature of the material bodies and of the confined medium.
If these fluctuations are correlated in space, the dependence of their spectrum on the relative
positions and orientations of the bodies generates an effective force and torque, respectively,
acting between them. When the degrees of freedom can enter and leave the region between
the interacting objects, one speaks about the Casimir force. In the case of the electromag-
netic Casimir force, the medium is the vacuum, and the underlying mechanism is the set of
quantum zero point or temperature fluctuations of the electromagnetic field. The now widely-
investigated critical Casimir force (CCF) results from the fluctuations of an order parameter
and, more generally, the thermodynamics of the medium supporting that order parameter in
the vicinity of a critical point. Recently, a review of the exact results available for the CCF has
been published in Ref. [1]. In a recent Letter [2], and also in [3] we introduced the terms of a
Helmholtz fluctuation-induced force and derived some results for it. It is a force in which an
integral quantity of the order parameter value (say, the total magnetization) is fixed. We stress
that in customarily considered applications of, say, the equilibrium Ising model to binary alloys
or binary liquids, if one insists on full rigor, the case with the order parameter fixed must be
addressed. In [2] and [3] via deriving there exact results on the example of Ising chain with
fixed magnetization and under periodic and antiperiodic boundary conditions, we have shown
that the Helmholtz force has a behavior very different from that of the Casimir force. It is
interesting to note that the studied Helmholtz force has a behavior similar to the one appearing
in some versions of the big bang theory: strong repulsion at high temperatures, transitioning
to moderate attraction for intermediate values of the temperature, and then back to repulsion,
albeit much weaker than during the initial period of highest temperature. We stress that the
definition and existence of Helmholtz force are by no means limited to the Ising chain and can
be addressed, in principle, in any model of interest. We note that the issue of the ensemble
dependence of fluctuation-induced forces pertinent to the ensemble has yet to be studied. In
the envisaged talk, we will review some recent and present some new both exact and numerical
results for the behavior of the Casimir and Helmholtz forces.

[1] D. Dantchev and S. Dietrich, Physics Reports 1005 (2023) 1-130.
[2] D. Dantchev and J. Rudnick, Phys. Rev. E 106, (2022) L042103.
[3] D. Dantchev, N. S. Tonchev and J. Rudnick, Ann. of Phys. 459 (2023) 169533.
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Thermodynamics of quantum time crystals

Gabriele De Chiara

Queen’s University Belfast, School of Mathematics and Physics, Belfast BT7 1NN, United
Kingdom

Time-translation symmetry breaking is amechanism for the emergence of non-stationarymany-
body phases, so-called time-crystals, in Markovian open quantum systems. Dynamical aspects
of time-crystals have been extensively explored over the recent years. However, much less
is known about their thermodynamic properties, also due to the intrinsic nonequilibrium na-
ture of these phases. Here, we consider the paradigmatic boundary time-crystal system, in a
finite-temperature environment, and demonstrate the persistence of the time-crystalline phase
at any temperature. Furthermore, we analyze thermodynamic aspects of the model investigat-
ing, in particular, heat currents, power exchange and irreversible entropy production. Our work
sheds light on the thermodynamic cost of sustaining nonequilibrium time-crystalline phases and
provides a framework for characterizing time-crystals as possible resources for, e.g., quantum
sensing. Our results may be verified in experiments, for example with trapped ions or supercon-
ducting circuits, since we connect thermodynamic quantities with mean value and covariance
of collective (magnetization) operators.

[1] Federico Carollo, Igor Lesanovsky, MauroAntezza, Gabriele De Chiara, arXiv:2306.07330
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Fri, 26 July, 8:20 - 8:50, 1 session T30

Quantum-anomalous-Hall current patterns and interference in thin slabs
of chiral topological superconductors

Daniele Di Miceli1,2 and Llorenç Serra1,3

1Institute for Cross-Disciplinary Physics and Complex Systems IFISC (CSIC-UIB), 07122
Palma, Spain.

2Department of Physics and Materials Science, University of Luxembourg, 1511
Luxembourg, Luxembourg.

3Department of Physics, University of the Balearic Islands, 07122 Palma, Spain.

The chiral topological superconductor, which supports propagating nontrivial edgemodeswhile
maintaining a gapped bulk, can be realized hybridizing a quantum-anomalous-Hall thin slab
with an ordinary s-wave superconductor [1]-[2]. We show that by sweeping the voltage bias
in a normal-hybrid-normal double junction, the pattern of differential conductance and electric
currents in the normal leads spans three main regimes [3].
At low bias, the differential conductance is half-quantized to the value e2/2h and the elec-
tric current is localized on the edges, due to the presence of unpaired Majorana edge modes.
At intermediate voltages, the current remains edge-localized, but the differential conductance
exhibits large oscillations between 0 and e2/h, produced by interference patterns due to the
superconducting pairing. Finally, at large bias, the electric transport becomes diffusive, with
electric current propagating through delocalized modes within the bulk of the film.

[1] X.-L. Qi, T. L. Hughes and S.-C. Zhang, Phys. Rev. B 82 184516 (2010).
[2] J. Wang, Q. Zhou, Q., B. Lian, and S.-C. Zhang, Phys. Rev. B 92, 064520 (2015).
[3] D. Di Miceli and L. Serra, Sci Rep 13, 19955 (2023).
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Quantum sensors in spacetime

Hansjörg Dittus

University of Bremen, Space Systems, Am Fallturm 1, 28359 Bremen, Germany

Matter wave interferometry became an interesting tool for experimental gravitational physics
for the last 25 years. On one side, quantum objects might be fundamental for an axiomatic ap-
proach to space-time geometry, on the other side matter wave interferometry can enable highly
precise experiments to test General Relativity and the limits of possible modified theories.

In particular, the application of quantum sensors on space platforms and satellites under
conditions of weightlessness brought up a number of new types of gravitational experiments
with increasing accuracy.

The presentation will report on new approaches and goals of future experiments in space.
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Tue, 23 July, 9:20 - 9:50, 1 session T32

Typical thermalization

Jens Eisert

FU Berlin, Arnimallee 14, Berlin 14195, Germany

Proving thermalization from the unitary evolution of a closed quantum system is one of the
oldest questions that is still nowadays only partially resolved [1]. Several efforts have led to
various formulations of what is called the eigenstate thermalization hypothesis, which leads
to thermalization under certain conditions on the initial states. These conditions, however, are
sensitive to the precise formulation of the hypothesis.

In the core part of this talk [2], we focus on the important case of low entanglement initial
states, which are operationally accessible in many natural physical settings, including experi-
mental schemes for testing thermalization and for quantum simulation. We prove thermaliza-
tion of these states under precise conditions that have operational significance. More specif-
ically, motivated by arguments of unavoidable finite resolution, we define a random energy
smoothing on local Hamiltonians that leads to local thermalization when the initial state has
low entanglement. Finally we show that such a transformation affects neither the Gibbs state
locally nor, under generic smoothness conditions on the spectrum, the short-time dynamics.

In an outlook of the talk, we will look at new classical simulation methods for long time
quantum evolution [3], quantum simulations of non-equilibrium quantum field systems with
cold atoms [4] including curved background simulations [5], contributions to a generalised
linear response theory [6], and ways of measuring out quasi-local integrals of motion from
entanglement [7].

[1] Quantummany-body systems out of equilibrium, J. Eisert, M. Friesdorf, C. Gogolin, Nature
Physics 11, 124 (2015).

[2] Typical thermalization of low-entanglement states, C. Bertoni, C. Wassner, G. Guarnieri, J.
Eisert, arXiv:2403.18007 (2024).

[3] Unraveling long-time quantum dynamics using flow equations, S. J. Thomson, J. Eisert,
arXiv:2308.13005, Nature Physics, in press (2024).

[4] Experimental observation of curved light-cones in a quantum field simulator, M. Tajik et
al., PNAS 120, e2301287120 (2023).

[5] Decay and recurrence of non-Gaussian correlations in a quantum many-body system, T.
Schweigler et al., Nature Physics 17, 559 (2021).

[6] Generalised linear response theory for the full quantum work statistics, G. Guarnieri, J.
Eisert, H. J. D. Miller, arXiv:2307.01885, Phys. Rev. Lett., in press (2024).

[7] Measuring out quasi-local integrals of motion from entanglement, B. Lu, C. Bertoni, S. J.
Thomson, J. Eisert, Commun. Phys. 7, 17 (2024).
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Extending the Laws of Thermodynamics for Arbitrary Autonomous
Quantum Systems

Cyril Elouard1,2 and Camille Lombard Latune3,4

1LPCT (CNRS), Université de Lorraine, 1, Boulevard des Aiguillettes, 54506 Vandoeuvre Les
Nancy, France

2Inria, ENS Lyon, LIP, F-69342, Lyon Cedex 07, France
3ICB (CNRS), Université de Bourgogne, 9 avenue Alain Savary BP 47870, 21078 Dijon,

France
4ENSL, CNRS, Laboratoire de physique, F-69342 Lyon, France

Recent formulations of the law of thermodynamics encompass the case of single quantum sys-
tems coupled to macroscopic energy sources. The latter are generally treated either as ideal
work sources (treated as a classical entity via a time-dependent Hamiltonian of the system)
or assumed to be pure heat sources starting in a thermal equilibrium state. In contrast, imple-
mentations show multiple examples of hybrid sources of work and heat. One can also wonder
to which extent one can formulate constraints about the energy exchanges between arbitrary
quantum systems starting out of equilibrium, under the form of the laws of thermodynamics.
In [1], we address these questions by considering any quantum system as source of both work
and heat. Based on the system’s entropy, we identify an effective temperature and the fraction
of its energy which is of thermal nature. We show that the variation of this thermal energy
plays the same role as heat in a universal microscopic formulation of the second law. The lat-
ter is valid for an arbitrary set of quantum systems, initially in any quantum state. On the other
hand, we identify general resources stored in the quantum states that differ from thermal equi-
librium states. The consumption of these resources is equivalent to work, and allows one e.g.
to decrease entropy or to induce heat flows against thermal biases. We use these microscopic
notions of work and heat to recover known ideal limits of quantum thermodynamics, but also
to explore nanoscale quantum machines where even the energy sources can be single quantum
systems.
Our results open perspectives to understand and optimize the energetic performances of au-
tonomous quantum setups, from quantum batteries to in-situ refrigerators.

[1] Cyril Elouard and Camille Lombard Latune, Phys. Rev. X Quantum 4, 020309 (2023)

62



Tue, 23 July, 14:50 - 15:10, 3 session - B parallel T34

Graphene quantum devices

Klaus Ensslin

ETH Zurich, Otto Stern Weg 1, Zurich, Switzerland

Bilayer graphene is a promising platform for electrically controllable qubits in a two-dimensional
material. In general charge, spin and valley states can be used as a starting point for qubits. Of
particular interest is the ability to encode quantum information in the valley degree of freedom,
a two-fold orbital degeneracy that arises from the symmetry of the hexagonal crystal structure.
The use of valleys could be advantageous, as known spin- and orbital-mixing mechanisms are
unlikely to be at work for valleys, promising more robust qubits. The Berry curvature asso-
ciated with valley states allows for electrical control of their energies, suggesting routes for
coherent qubit manipulation. In this talk we report about the characteristic relaxation times of
these spin and valley states in gate-defined bilayer graphene quantum dot devices. Different
valley states can be distinguished from each other with a fidelity of over 99 percent.. The re-
laxation time between valley triplets and singlets exceeds 500 ms and is more than one order of
magnitude longer than for spin states. We also report about quantum devices such as Josephson
junctions and SQUIDs in superconducting twisted graphene layers.

[1] Giulia Zheng, Elías Portolés, Alexandra Mestre-Torá, Marta Perego, Takashi Taniguchi,
Kenji Watanabe, Peter Rickhaus, Folkert K. de Vries, Thomas Ihn, Klaus Ensslin, Shuichi
Iwakiri, Gate-defined superconducting channel in magic-angle twisted bilayer graphene,
Phys. Rev. R 6, L012051 (2024)

[2] Chuyao Tong, Annika Kurzmann, Rebekka Garreis, Kenji Watanabe, Takashi Taniguchi,
Thomas Ihn, Klaus Ensslin, Pauli blockade catalogue in bilayer graphene double quantum
dots, Phys. Rev. Research 6, L012006 (2024)

[3] Shuichi Iwakiri, Alexandra Mestre-Torà, Elías Portolés, Marieke Visscher, Marta Perego,
Giulia Zheng, Takashi Taniguchi, Kenji Watanabe, Manfred Sigrist, Thomas Ihn, Klaus
Ensslin , Tunable quantum interferometer for correlated moiré electrons , Nature Com. 15,
390 (2024)

[4] Rebekka Garreis, Chuyao Tong, Jocelyn Terle, Max Josef Ruckriegel, Jonas Daniel Gerber,
Lisa Maria Gächter, Kenji Watanabe, Takashi Taniguchi, Thomas Ihn, Klaus Ensslin, Wei
Wister Huang, Long-lived valley states in bilayer graphene quantum dots, Nature Physics
428, 20 (2024)
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Adiabatic passage in solid state: from ultrastrong coupling to noise
sensing

Giuseppe A. Falci

University of Catania, Via Santa Sofia 64, Catania, Italy
INFN, Sezione di Catania

Adiabatic passage is a powerful control technique atomic physics which is gaining interest also
in the solid-state realm since it implements quantum operations weri robust against paramet-
ric fluctuations. We exploit the application of coherent techniques as coherent transport by
adiabatic passage (CTAP) or stimulated Raman adiabatic passage (STIRAP) in quantum ar-
chitectures where the robustness of the protocols may determine key advantages for selected
tasks[1,2]. As an example we discuss quantum operation for modular computing in ultra-
strongly coupled structures of artificial atoms [3] showing that CTAP-like manipulation ensure
the suppression of unrecoverable errors due to the dynamical Casimir effect. A second exam-
ple is noise classification in multilevel quantum structures where we propose a STIRAP-based
supervised learning procedure to recognize energy-correlations of noise and their relation to
the Markovianity of the environment [4].

[1] J. Brown,
[2] L. Giannelli, Phys. Rev. Research
[3] G. Falci, preprint; G. Falci, preprint
[4] Shreyasi Mukherjee, Dario Penna, Fabio Cirinnà, Mauro Paternostro, Elisabetta Paladino,

Giuseppe Falci, Luigi Giannelli, Noise classification in small quantum networks by Ma-
chine Learning
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Quantum non-Gaussian coherence and correlation of light and atoms

Radim Filip

Department of Optics, Palacky University Olomouc, 17. listopadu 1192/12, 77146 Olomouc,
Czech Republic

The talk will report recent theoretical and experimental achievements opening the door to
highly non-Gaussian quantum states of photons and phonons. This territory is challenging
for investigation, both theoretically and experimentally. We will present recent achievements,
mainly the experimental tests of climbing the hierarchy of quantum non-Gaussian phononic
and photonic states suitable for applications. Particular focus will be on new nonclassical and
quantum non-Gaussian coherences, their experimental verification and applications in bosonic
quantum sensing and error correction. The talk will conclude with other related results and
the following challenges in theory and experiments with atoms, mechanical oscillators and su-
perconducting circuits to stimulate discussion and further development of this advancing and
prospective field.
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Sat, 27 July, 8:50 - 9:20, 1 session T37

Can a Rock be a Wave? From 100 years of De-Broglie’s Wave-Particle
Duality, to Quantum-Gravity.

Ron Folman and the Atom Chip Group

Ben-Gurion University of the Negev, POB 653, Beer Sheva, Israel

It is almost exactly 100 years since De-Broglie made public his outrageous hypothesis regard-
ing Wave-Particle Duality (WPD), where the latter plays a key role in interferometry. In par-
allel, the Stern-Gerlach (SG) effect, found a century ago, has become a paradigm of quantum
mechanics. I will describe the realization of a half- [1-3] and full- [4-5] loop SG interferometer
for single atoms [6], and show howWPD, or complementarity, manifests itself. I will then use
the acquired understanding to show how this setup may be used to realize an interferometer
for macroscopic objects doped with a single spin [5], namely, to show that even rocks may re-
veal themselves as waves. I emphasize decoherence channels which are unique to macroscopic
objects such as those relating to phonons [7,8] and rotation [9]. These must be addressed in
such a challenging experiment. The realization of such an experiment could open the door to a
new era of fundamental probes, including the realization of previously inaccessible tests of the
foundations of quantum theory and the interface of quantum mechanics and gravity, as well as
probing exotic theories. Time permitting, and as an anecdote noting De-Broglie’s less popular
assertion, that the standard description of QM is lacking, I will also present our recent work on
Bohmian mechanics, which is an extension of De-Broglie’s ideas on the pilot wave [10].

[1] Y. Margalit et al., A self-interfering clock, Science 349, 1205 (2015).
[2] Zhifan Zhou et al., Quantum complementarity of clocks in the context of general relativity,

Classical and quantum gravity 35, 185003 (2018).
[3] Zhifan Zhou et al., An experimental test of the geodesic rule proposition for the non-cyclic

geometric phase, Science advances 6, eaay8345 (2020).
[4] O. Amit et al., T3 Stern-Gerlach interferometer, Phys. Rev. Lett. 123, 083601 (2019).
[5] Y. Margalit et al., Realization of a complete Stern-Gerlach interferometer: Towards a test

of quantum gravity, Science advances 7, eabg2879 (2021).
[6] M. Keil et al., Stern-Gerlach interferometry with the atom chip, Otto Stern, Springer (2021).
[7] C.Henkel andR. Folman, Internal decoherence in nano-object interferometry due to phonons,

AVS Quantum Sci. 4, 025602 (2022) – special issue in honor of Roger Penrose.
[8] C. Henkel and R. Folman, Universal limit on quantum spatial superpositions with massive

objects due to phonons, https://arxiv.org/abs/2305.15230 .
[9] Y. Japha and R. Folman, Role of rotations in Stern-Gerlach interferometry with massive

objects, Phys. Rev. Lett. 130, 113602 (2023).
[10] G. Amit et al., Countering a fundamental law of attraction with quantum wave-packet

engineering, Phys. Rev. Res. 5, 013150 (2023).
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A Modernizing View of Heisenberg’s Matrix Mechanics

James K Freericks, Jason Tran, and Leanne Doughty

Georgetown University, Dept of Physics, 37th and O St, Georgetown University, Washington,
USA

In 1925, Heisenberg, Born, and Jordan developed matrix mechanics as a strategy to solve
quantum-mechanical problems. While finite-sized matrix formulations are commonly taught
in quantum instruction, the logic and detailed steps of the original matrix mechanics has be-
come a lost art. In preparation for the 100th anniversary of the discovery of quantum mechan-
ics, we present a modernized discussion of how matrix mechanics is formulated, how it is used
to solve quantum-mechanical problems, and how it can be employed as the starting point for
a postulate-based formulation of quantum-mechanics. We focus on the harmonic oscillator
to describe how quantum mechanics advanced from the Bohr-Sommerfeld quantization con-
dition, to matrix mechanics, to the current abstract ladder-operator approach. We show how
experiment motivaties a matrix representation via the Rydberg-Reisz combination principle,
how the Ehrenfest theorem is motivated by the correspondence principle, and how just these
two postulates allow us to derive the canonical commutation relation. Then by moving from
matrices to operators and abstract vectors in a Hilbert space, one can finish thepostulate-based
formulation of quantum mechanics with the Born rule and a measurement postulate (the Born
rule can be strongly motivated via a simple counting approach). This talk will not focus on a
historical treatment of the materials, but instead on how we can revive and use a modernized
version of these ideas to make the foundations of quantum mechanics clearer, and experimen-
tally motivated.
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Detailed Semiclassical Propagators for Simple but Nontrivial Systems

Stephen A. Fulling

Texas A&M University, Mathematics Dept., 3368 TAMU, College Station 77843-3368, USA

When applied to a time-dependent Schrodinger equation, the WKB method yields an approxi-
mation to the propagator (Green function) as a sum over classical particle trajectories (paths).
This much is well known, but one seldom sees a semiclassical propagator worked out in any
particular case. With student assistants I have been examining the details in some simple cases
and finding them to be more interesting and difficult than one might expect. (1) For “a ball
bouncing off a ceiling” (linearly decreasing potential with a reflecting barrier at the origin), for
any choice of initial and final position and elapsed time, there are generically either two paths
or none. Thus the solution is a sum of two terms, corresponding to paths that do or don’t bounce
off the ceiling. In some regions of phase space the approximation is improved by using initial
momentum, not position, as the parameter. The rival propagators can be fairly compared by
looking at Gaussian wave packets as initial data. (2) For a “soft wall” (a potential equal to 0 left
of the origin and a positive power on the right), the classification of paths is more complicated
but is topologically similar for all positive values of the exponent. There are 5 classes of paths.
For example, if the particle starts and ends on the left side, there is always a path that stays
outside, but sometimes there are two more paths that enter the right side and are kicked back
out. Because acceleration in this model is never rightward, a particle cannot visit the right side
more than once. For momentum initial data some calculation is needed to determine where the
initial position is. In any event the action and amplitude for each path can be computed from the
Hamilton-Jacobi and transport equations. Momentum-space and position-space results differ
by terms of higher order in Planck’s constant.
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Quantum Thermodynamics of Nanoscale Molecular Systems.

Michael Galperin

University of California San Diego, Dept. Chem. & Biochem., UH 3218, MC 0340, 9500
Gilman Drive, La Jolla, USA

We discuss an energy-resolved variant of quantum thermodynamics for open systems strongly
coupled to their baths. The approach generalizes the Landauer-Buttiker inside-outside duality
method [Phys. Rev. Lett. 120, 107701 (2018)] to interacting systems subjected to arbitrary
external driving. It is consistent with the underlying dynamical quantum transport description
and is capable of overcoming limitations of the only other consistent approach [New J. Phys.
12, 013013 (2010)]. We illustrate viability of the generalized inside-outside method with nu-
merical simulations for generic junction models.

[1] J. Zhou, A. Li, and M. Galperin, arXiv:2308.06893 (2023).
[2] N. Seshadri and M. Galperin, Phys. Rev. B103 (2021) 085415.
[3] N. Bergmann and M. Galperin, Eur. Phys. J. Spec. Top. 230 (2021) 859.
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Measurement-assisted quantum cooling
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Christiane Koch2

1The Weizmann Institute, Department of Condensed Matter Physics, Herzl St, Rehovot 76100,
Israel

2Dahlem Center for Complex Quantum Systems and Fachbereich Physik, Freie Universität
Berlin, Arnimallee 14, 14195 Berlin, Germany

3Univ. Grenoble Alpes, CEA, Grenoble INP, IRIG, PHELIQS, 38000 Grenoble, France
4Institute for Quantum Materials and Technologies and Institut für Theorie der

Kondensierten Materie, Karlsruhe Institute of Technology, Karlsruhe 76131, Germany
5Theoretical Physics, Department of Physics, Saarland University, 66123 Saarbrücken,

Germany

Cooling a quantum system to its ground state is important for the characterization of non-
trivial interacting systems, and in the context of a variety of quantum information platforms.
In principle, this can be achieved by employing measurement-based passive steering proto-
cols, where the steering steps are predetermined and are not based on measurement readouts.
However, measurements, i.e., coupling the system to auxiliary quantum degrees of freedom, is
rather costly, and protocols in which the number of measurements scales with system size will
have limited practical applicability. We have identified conditions under which measurement-
based cooling protocols can be taken to the dilute limit. For two examples of frustration-free
one-dimensional spin chains, we show that steering on a single link is sufficient to cool these
systems into their unique ground states. We corroborate our analytical arguments with finite-
size numerical simulations and discuss further applications.
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Probing the 2/3 fractional Quantum Hall edge channel using electronic
Hong Ou Mandel shot noise correlation.

Christian D. Glattli1, Avirup De1, Charles Boudet1, Jayshankar Nath1, Maelle Kapfer1,
Preden Roulleau1, David Ritchie2, and Ian Farrer3

1Université Paris-Saclay, CEA, CNRS, SPEC, 91191 Gif-sur-Yvette Cedex, France
2Cavendish Laboratory, University of Cambridge, J.J. Thomson Avenue, Cambridge CB3

0HE, UK
3Department of Electronic and Electrical Engineering, University of Sheffield, Mappin Street,

S1 3JD, UK

The physics of the 2/3 edge channel is still awaiting a satisfying physical modeling. Inspiring
of validating theoretical models requires the input of new type of experimental information.
Here, we go well beyond the traditional DC transport and noise studies and, instead, explore
the dynamic of the carriers propagating in along a 2/3 edge. New information is obtained by
performing photo-assisted shot noise (PASN) measurements and electronic Hong Ou Mandel
(HOM) shot noise measurements by sending GHz microwave excitations on the contacts of a
Hall bar with a Quantum Point Contact (QPC) in its middle.

Under weak reflection of the inner channel by the QPC, we combine a DC voltage Vds
and the rf excitation to probe the possible voltage reduction VQPCQPC is measured via the
Josephson relation using the PASN noise singularity occurring when VQPC obeys the Joseph-
son relation (e/3)VQPC=hf [1].

Then, applying the same coherent sine-wave rf excitation on both contacts, but with a time-
delay, and measuring the cross-correlated partition noise of e/3 charge in the weak reflection
regime, we observe HOM noise oscillations similar to that recently observed on the 2/5 and
integer edge channel. The finite but weak visibility observed in these two-particle noise in-
terference measurements suggests the existence of a finite quantum coherence of the 2/3 edge
channel [2]. Moreover, sending periodic Leviton-like pulses of small 70ps witdh and 5GHz
repetition rate, we observe, from the HOM signal, a large broadening of the pulses. This broad-
ening show evidence of a long predicted charge diffusion mode [3] along the 2/3 edge channel.

[1] I. Taktak, M. Kapfer, J. Nath, P. Roulleau, M. Acciai, J. Splettstoesser, I. Farrer, D. A.
Ritchie, D. C. Glattli, Two-particle time-domain interferometry in the Fractional Quantum
Hall Effect regime, Nat Commun 13, 5863 (2022), https://doi.org/10.1038/s41467-022-
33603-3.

[2] Avirup DE, Charles Boudet, Jayshankar Nath, M. Kapfer, P ; Roulleau, D. Ritchie2, Ian
Farrer3, and D.C. Glattli1 “Finite quantum coherence of the fractional quantum Hall edge
at filing factor 2/3”, in preparation.

[3] C. L. Kane, Matthew P. A. Fisher, and J. Polchinski, Phys. Rev. Lett. 72, 4129 (1994).

71



Sat, 27 July, 11:30 - 11:50, 2 session T43

Dynamics of vortices in strongly interacting Fermi gases

Nicola Grani1,2,3, Diego Hernandez-Rajkov2,3, Cyprien Daix1,2, Giulia Del Pace1, and
Giacomo Roati2,3

1Department of Physics and Astronomy, University of Florence, 50019 Sesto Fiorentino, Italy
2European Laboratory for Nonlinear Spectroscopy (LENS), University of Florence, 50019
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3Istituto Nazionale di Ottica del Consiglio Nazionale delle Ricerche (CNR-INO), University

of Florence, 50019 Sesto Fiorentino, Italy

At T=0, vortex dynamics is considered dissipationless and vortices move together with the
surronding superfluid. At finite temperature, the presence of both a normal and superfluid
componets changes this scenario. Vortex acts as a medium for momentum exchange between
the normal and superfluid components, and the dynamics of the vortex is modified [1]. In this
framework, vortex dynamics can be described by the dissipative Point Vortex Model (PVM),
in which the dissipation effects are described by the dissipative coefficients α and α’ [1].

In Fermi superfluids, the vortex core can host so-called Andreev bound states, introducing
additional mechanisms for dissipation respect to bosonic superfluids and the theoretical micro-
scopic undestanding of these coefficients is still an open problem in gas superfluids [1,2]. In our
experiment, we probe the dissipative vortex dynamics in a homogeneous oblate unitary Fermi
gas by creating a single vortex dipole [3]. Owning to our exquisite control of single-vortex
position, we study the dynamics by tracking the single-vortex trajectories for different temper-
atures of the system. We analized the trajectories using the PVM and measure the dissipative
coefficients as a function of temperature.

We also observe the time evolution of regular arrays of vortices created by the contact of two
counter rotating superfluids, that break into vortex clusters [4]. The observed instability grow
rates follow universal scaling relations, predicted by both classical hydrodynamics and PVM,
suggesting that the observed vortex dynamics is a manifestation of the underlying unstable
flow.

[1] N B Kopnin, Rep. Prog. Phys. 65 (2002) 1633
[2] Y.A. Sergeev, J Low Temp Phys 212 (2023) 251-305
[3] W. J. Kwon, Nature 600 (2021) 64-69
[4] D. Hernandez-Rajkov, Nature Physics (2024) 1-6
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Mechanisms of decoherence, an ab-initio perspective

E.K.U. Gross

The Hebrew University of Jerusalem, Institute of Chemistry, Givat Ram, Edmond Safra
Campus, Jerusalem, 91904, Israel

Decoherence, i.e. the phenomenon that quantum systems tend to lose their quantumness due
to interactions with other degrees of freedom, is ubiquitous. Most prominently, decoherence is
responsible for preventing genuine quantum computing at useful scales to this day. It appears
desirable to develop a genuine ab-initio theory of decoherence that allows one to make reliable
predictions of decoherence times for a given material, and to gain a microscopic understanding
of decoherence with the goal to ultimately find ways to control it. For electrons, the principal
source of decoherence is the non-adiabatic interaction with nuclear degrees of freedom, i.e.
with an “environment” that is strongly coupled to the electronic subsystem. In the paradigm of
electronic-structure theory where electrons move in the static Coulomb potential of clamped
nuclei, decoherence is absent. In this lecture, a universally applicable approach to the descrip-
tion of decoherence and, in particular, to the prediction of decoherence times will be presented.
We start from the exact factorization [1] of the full electron-nuclear wave function into a purely
nuclear part and a correlated many-electron wave function which parametrically depends on
the nuclear configuration and which has the meaning of a conditional probability amplitude.
This gives the exact electron-nuclear wave function an adiabatic-like appearance while deco-
herence is fully contained in this wave function. The equations of motion for the two factors
are then used to calculate measures of decoherence, such as the purity, from first principles,
allowing us to identify different mechanisms of decoherence.

[1] A. Abedi, N.T. Maitra, E.K.U. Gross, Phys. Rev. Lett. 105 (2010) 123002.
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Non-orthogonal eigenvectors, fluctuation-dissipation relations and
entropy production

Yan Fyodorov2, Ewa Gudowska-Nowak1, Maciej A. Nowak1, and Wojciech Tarnowski1

1Institute of Theoretical Physics, Jagiellonian University, Gołębia 24, 31-007 Kraków, Poland
2King’s College London, Department of Mathematics, London WC2R 2LS, United Kingdom

Celebrated fluctuation-dissipation theorem (FDT) inking the response function to time depen-
dent correlations of observables measured in the reference unperturbed state is one of the cen-
tral results in equilibrium statistical mechanics. In this work we discuss an extension of the
standard FDT to the case when multidimensional matrix representing transition probabilities
is strictly non-normal. This feature dramatically modifies the dynamics, by incorporating the
effect of eigenvector non-orthogonality via the associated overlap matrix of Chalker-Mehlig
type. In particular, the rate of entropy production per unit time is strongly enhanced by that
matrix. We suggest, that this mechanism has an impact on the studies of collective phenomena
in neural matrix models, leading, via transient behavior, to such phenomena as synchronisa-
tion and emergence of the memory. We also expect, that the described mechanism generating
the entropy production is generic for wide class of phenomena, where dynamics is driven by
non-normal operators. For the case of driving by a large Ginibre matrix the entropy production
rate is evaluated analytically, as well as for the Rajan-Abbott model for neural networks.

[1] Y. Fyodorov, E. Gudowska-Nowak, M.A. Nowak and W. Tarnowski,
https://arxiv.org/abs/2310.09018
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Denoising and Extension of Real- and Imaginary-time Green’s Functions
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1Department of Physics, North Carolina State University, Raleigh, North Carolina 27695,
USA

2Computational Research Division, Lawrence Berkeley National Laboratory, Berkeley, CA
94720, USA

3Department of Physics, University of Michigan, Ann Arbor, Michigan 48109, USA

Response functions of quantum systems, such as electron Green’s functions, magnetic, or
charge susceptibilities, describe the response of a system to an external perturbation. They are
the central objects of interest in field theories and quantum computing and measured directly
in experiment. Response functions are intrinsically causal. In equilibrium and steady-state
systems, they correspond to a positive spectral function in the frequency domain. Response
functions define an inner product on a Hilbert space and thereby induce a positive definite
function. The properties of this function can be used to reduce noise in measured data and, in
equilibrium and steady state, to construct positive definite extensions for data known on finite
time intervals, which are then guaranteed to correspond to positive spectra.
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New approach beyond Floquet to tunneling current under external
periodic drive of arbitrary shape

Shmuel Gurvitz1,2 and Dmitri Sokolovski3,4

1Weizmann Institute, 42 Weizmann St., Rehovot, Israel
2BCAM - Basque Center for Applied Mathematics, 48009 Bilbao, Basque Country - Spain
3Departmento de Química-Física, Universidad del País Vasco, UPV/EHU, 48940 Leioa,

Spain
4IKERBASQUE, Basque Foundation for Science, Plaza Euskadi 5, 48009 Bilbao, Spain

Wepresent a novel approach to analyze the electron tunneling current through a time-dependent
barrier under external periodic drive. We derive simple and exact analytic expressions for the
current generated by periodic pulses of any shape, going beyond the conventional Floquet
expansion. These results remain valid in both the adiabatic and non-adiabatic limits. Our
findings explicitly reveal that, in the case of Markovian leads, the tunneling current through
the barrier mirrors the oscillations of the barrier with no time delay, indicating zero tunneling
time. However, a time delay emerges in the case of non-Markovian leads, although it is not
directly associated with the concept of tunneling time. We also apply our method to analyze
the time-dependent current in various quantum systems driven by ultra-short (femtosecond
and attosecond) pulses. The obtained analytical results proved to be highly relevant to recent
experimental developments investigating currents in laser-driven junctions.
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Aspects of Quantum Thermodynamics: Facts, debatable issues and
unsolved issues

Peter Hänggi

University of Augsburg, Department of Physics, Universitätsstrasse 1, 86135 Augsburg,
Germany

Thermodynamics at the macroscopic scale, considered at *weak* system-bath coupling, to-
gether with its Statistical Mechanics in thermal equilibrium are well established theories, as
developed by pioneers such as Gibbs, Einstein, Boltzmann and others. However, recent activi-
ties in the thermodynamics of small mesoscopic and nanoscopic systems require new in-depth
investigations, such as the equivalence between different ensembles. Moreover, this is also the
case for concepts such as *work* or *heat* when taken away from the quasi-static regime. The
issue becomes even more intriguing in a quantum setting, such as when studying fluctuation
relations or the operation of quantum heat engines.

The state of the art of this quite active field is plagued by many subtleties, pitfalls and in-
consistencies; some of which even apply at manifest thermal equilibrium, especially beyond
weak system-bath coupling. A major challenge, both theoretical and experimental, is the inva-
sive nature of quantum measurements due to its unavoidable impact on the measured system.
This aspect becomes essential when several measurements are performed on one and the same
system, as for example for the measurement of quantum work and quantum heat, both requir-
ing measurements of a properly defined energy at the beginning and at the end of the process
in question. Fact then is: if anything can be said at all – it must be said as clearly as possible
(Wittgenstein, 1889-1951).

My presentation is based on studies carried out in close collaboration with Peter Talkner,
also of the University of Augsburg.

[1] P. Talkner and P. Hänggi, Aspects of quantum work, Phys. Rev. E 93, 022131 (2016).
[2] P. Hänggi and P. Talkner, The other QFT, Nature Physics 11, 108-110 (2015).
[3] P. Talkner and P. Hänggi, Statistical Mechanics and Thermodynamics at Strong Coupling:

Quantum and Classical, Rev. Mod. Phys. 92(4), 041002 (2020);[arXiv:1911.11660].
[4] Z. Merali, Bending the Rules, Nature 551, 20-22 (2017).
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Engineering Nanodiamonds for Quantum-enhanced Bio-sensing

Philip Hemmer

Texas A&M University, 3128 TAMU, College Station, USA

Diamond color centers like the nitrogen-vacancy (NV) have shownmuch promise for nanoscale
sensing of magnetic and electric fields and temperature. So far however the quantum proper-
ties of the NV have not been used to full advantage, for example quantum entanglement of NV
qubits has rarely been used for sensing. In this talk I will review recent advances in the fabri-
cation of NVs, and other magnetic color centers in diamond, and in the growth of high quality
nanodiamonds. Combining these advances, I will discuss the future prospects of engineering
quantum-enhanced sensors in nanodiamonds.

78



Wed, 24 July, 10:40 - 11:10, 2 session T50

Quantum Coherent Perfect Absorption in Nanoplasmonic Cavities

Ortwin Hess

Trinity College Dublin, The University of Dublin, College Green, Dublin, Ireland

Plasmonic nanoresonators offer the unique ability to confine light to extremely sub-wavelength
volumes and strongly enhance local optical fields via resonant surface plasmon modes, thereby
constituting exceptional architectures for enhanced light-matter interaction and the exploration
of extreme nano-optics for quantum dynamics. In particular, room-temperature strong coupling
using single molecules and colloidal quantum dots in nanoplasmonic environments has been
realized using ultrathin (�1 nm) nanoplasmonic cavities [1] and scanning probe tips [2]. While
ultrafast plasmonic near-field evolution can be exploited to achieve high-speed quantum opera-
tions [3], including dynamic bi [4]- and tripartite [5] entanglement in quantum dots, it is vital to
explore pathways for improving the temporal robustness of strongly coupled plasmon-emitter
states under ambient conditions, with the aim of realizing truly room-temperature-viable quan-
tum nanophotonic devices.

Here, a novel strategy for selective preparation and, conceivably, ‘immortalization’ of
selected plasmon-exciton polariton states by means of quantum coherent perfect absorption
(qCPA) is discussed. It is shown that under plasmonic nanowire-waveguide driving, the qCPA
regime can selectively lock a nanocavity-emitter system in either the upper or lower plasmon-
emitter polariton state. Furthermore, in this regime, the intrinsic losses of the nanocavity-
emitter device can be precisely compensated for, effectively paving the way towards strongly
coupled light-matter states that are robust against decoherence at room temperature. This con-
trasts sharply with the conventional belief that preserving an individual quantum state requires
cryogenic cooling andstrict isolation of the system from environmental influence. In fact, here,
dynamic dissipation under ambient conditions is fully embraced, strategically harnessing its
interplay with plasmon interference in a specific dressed state to establish the qCPA regime
itself. As a novel paradigm for quantum state preparation and preservation in plasmonic cavity
quantum electrodynamics (cQED), qCPA offers exciting prospects for innovative and room-
temperature-viable quantum nanophotonic technologies.

[1] R. Chikkaraddy, B. de Nijs, F. Benz, S. J. Barrow, O. A. Scherman, E. Rosta, A. Demetri-
adou, P. Fox, O. Hess, and J. J. Baumberg, Nature 535 (2016) 127.

[2] H. Groß, J. M. Hamm, T. Tufarelli, O. Hess, and B. Hecht, Science Advances 4 (2018)
eaar4906.

[3] X. Xiong, N. Kongsuwan, Y. Lai, C. E. Png, L. Wu, and O. Hess, Appl. Phys. Lett. 118
(2021) 130501.

[4] F. Bello, N. Kongsuwan, J. F. Donegan, and O. Hess, Nano Lett. 20 (2020) 5830.
[5] F. D. Bello, N. Kongsuwan, and O. Hess, Nano Lett. 22 (2022) 2801.
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Statistical Ensembles for Unstable Quantum and Classical Systems

Rudolf Hilfer
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Unstable quantum and classical systems are defined by Hamiltonians without an additive lower
bound of the ground state energy. Such systems exhibit explosive or implosive behaviour,
metastability, transient dynamics, non-equivalence of ensembles and non-existence of the ther-
modynamic limit for Boltzmann-Gibbs ensembles. Unstable systems are non-equilibriummany-
body systems in the sense that their statistical and thermal behavour falls outside the domain
of applicability of equilibrium thermodynamics and statistical mechanics. Recently [1] the
Boltzmann-Gibbs ensembles were generalized and extended to cover unstable systems. Apply-
ing the generalized statistical ensembles leads to normal, extensive thermodynamic potential
and existence of the thermodynamic limit.

[1] R. Hilfer, Phys. Rev. E105 (2022) 024142
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Long-time equilibration can determine transient thermality
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2Department of Physics and Astronomy, University of Exeter, Stocker Road, Exeter EX4 4QL,
United Kingdom

When two initially thermal many-body systems start to interact strongly, their transient states
quickly become non-Gibbsian, even if the systems eventually equilibrate. To see beyond this
apparent lack of structure during the transient regime, we use a refined notion of thermality,
which we call g-local. A system is g-locally thermal if the states of all its small subsystems are
marginals of global thermal states. We numerically demonstrate for two harmonic lattices that
whenever the total system equilibrates in the long run, each lattice remains g-locally thermal
at all times, including the transient regime. This is true even when the lattices have long-
range interactions within them. In all cases, we find that the equilibrium is described by the
generalized Gibbs ensemble, with three-dimensional lattices requiring special treatment due to
their extended set of conserved charges. We compare our findings with the well-known two-
temperature model. While its standard form is not valid beyond weak coupling, we show that at
strong coupling it can be partially salvaged by adopting the concept of a g-local temperature.
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A quantum thermodynamics approach to optimization in complex
systems

Alberto Imparato

Aarhus University, Ny Munkegade, Building 1520, Aarhus, Denmark

An optimization problem can be translated into physics language as the quest for the energy
minimum of a complex system with a Hamiltonian that encodes the problem itself. Stretching
the analogy further, the optimization problem can be seen as the controlled cooling of such a
complex system so as it lands in a minimum of its complex energy landscape corresponding
to the optimal solution of the given problem. I will introduce and discuss two methods for
quantum cooling, and thus for optimization, entailing the use of quantum, non-Markovian baths
connected to the system of interest. In the first method the bath is prepared in a suitable low
energy initial state that efficiently cools down the system of interest. In the second method the
bath is measured, and post-measurement excited states of the bath are selected, that correspond
to low energy states for the system of interest.

82



Mon, 22 July, 14:00 - 14:30, 3 session - C parallel T54

Typicality and unconventional stationary states of a system of interacting
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Since the end of the nineteenth century, statistical physics has allowed understanding the equi-
librium and weakly out-of-equilibrium properties of systems made of a large number of parti-
cles. In order to provide theoretical predictions, this framework relies on a probabilistic hypoth-
esis defined by the microcanonical ensemble: all accessible states have the same probability
of occurrence. Remarkably, this very simple postulate is now put into question by the recent
progress in quantum engineering and simulation. Indeed, in experiments displaying phenom-
ena like Many Body Localization, the interplay between disorder and interactions can prevent
the emergence of the usual thermodynamical equilibrium [1]. More generally, these kind of
experiments ask two fundamental questions: i) is it possible for a closed quantum system to
reach a state of local equilibrium despite being at all times globally in a pure state evolving
according to the Schrödinger equation? ii) if yes, what are the properties of this equilibrium
state? Does it follow the usual prediction of statistical physics or is it unconventional, i.e.
involving some new statistical physics yet to be discovered?

In this talk, I will present results obtained on these two questions using randommatrix mod-
els and focusing on interacting spinless fermions. First, I will describe a “typicality” property,
i.e. the self-averaging of the quantities of interest like occupation numbers, which has impor-
tant implications for analytical and numerical calculations [2,3]. Then I will describe how the
crossover towards thermalisation emerges when increasing the interaction strength between
particles.

Finally, I will discuss how to calculate a new partition function [4] involving theManyBody
Density of States, a quantity which has been eclipsed for a long time by Single or few Body
Density of States due to the success of mean field theories and the concept of quasiparticle [5].
Interestingly, this new partition function recovers the Fermi-Dirac distribution as a particular
case.

[1] Schreiber et al, 349, 6250, pp. 842-845, Science, (2015)
[2] Ithier et al, Phys. Rev. A, 96, 012108, (2017)
[3] Ithier et al, J. Phys. A: Math. Theor. 51, 48LT01 (2018)
[4] Ithier et al, Phys. Rev. E 96, 060102(R) (2017)
[5] Lefèvre et al, New J. Phys. 25, 063004 (2023)
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Quantum Measurement: Theory and Practice
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This talk will give a selective overview of the advances in the field of quantum measurement
theory over the past two decades. I will present selected material from our newly published
book on quantum measurement, coauthored with Irfan Siddiqi [1]. Topics covered include
weak measurements, quantum measurement reversal, quantum trajectories and the stochastic
path integral formalism. The theory and practice of quantum measurement will be discussed,
including how to build quantum-limited amplifiers, fundamental noise limits imposed on mea-
surement by quantum mechanics, and the design of superconducting circuits. I will conclude
with a reflection on where the field is going and what lessons we should take away about what
quantum physics is telling us about the external world and our role as observers.

[1] A. N. Jordan and I. A. Siddiqi, Quantum Measurement: Theory and Practice (Cambridge
University Press, 2024).
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Classically simulatable quantum computations

Richard Jozsa
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Quantum computing is usually concerned with processes offering computing power beyond
that achievable by classical means. Classically simulatable quantum computations offer no
such benefit, but as a restricted class of quantum processes, their special features can neverthe-
less provide striking insights into fundamental questions of the origins of universal quantum
computing power, and into practical issues of its implementation and verification. In this talk
we will introduce the classically simulatable classes of Clifford computations and matchgate
computations, and discuss some insights that they can offer for these issues.
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Detecting single gravitons with quantum sensing

Germain Tobar2,3, Sreenath K. Manikandan1, Thomas Beitel4, and Igor Pikovski3,4

1Nordita, Stockholm University and KTH Royal Institute of Technology, Stockholm, Sweden,
Hannes Alfvéns väg 12, Stockholm 114 19, Sweden
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3Department of Physics, Stockholm University, SE-106 91 Stockholm, Sweden
4Department of Physics, Stevens Institute of Technology, Hoboken, New Jersey 07030, USA

The quantization of gravity is widely believed to result in gravitons – particles of discrete en-
ergy that form gravitational waves. But their detection has so far been considered impossible.
Here we show that signatures of single graviton exchange can be observed in laboratory ex-
periments. We show that stimulated and spontaneous single-graviton processes can become
relevant for massive quantum acoustic resonators and that stimulated absorption can be re-
solved through continuous sensing of quantum jumps. We analyze the feasibility of observing
the exchange of single energy quanta betweenmatter and gravitational waves. Our results show
that single graviton signatures are within reach of experiments. In analogy to the discovery of
the photo-electric effect for photons, such signatures can provide the first experimental clue of
the quantization of gravity.
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Cooling towards a quantum critical point: Universality and scaling in
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Signatures of equilibrium phase transitions can be imprinted into the nonequilibrium dynamics
of many-body quantum systems, resulting in the emergence of universal scaling laws out of
equilibrium, as exemplified by the Kibble-Zurek mechanism. In a similar spirit, but novel set-
ting, I report scaling and universality in open nonequilibrium quantum systems that are cooled
towards a quantum critical point. The excess excitation density, which quantifies the degree
of adiabaticity of the dynamics, is found to obey scaling laws in the cooling velocity as well
as in the initial and final temperatures of the cooling protocol. The scaling laws are univer-
sal, governed by the critical exponents of the quantum phase transition. The validity of these
statements is shown analytically for a Kitaev quantum wire coupled to Markovian baths, and
subsequently argued to be valid under rather general conditions. Remarkably, these results es-
tablish that quantum critical properties can be probed dynamically at finite temperature, without
even varying the control parameter of the quantum phase transitions.

[1] E. C. King, J. N. Kriel, and M. Kastner, Universal cooling dynamics toward a quantum
critical point, Phys. Rev. Lett. 130, 050401 (2023).

[2] E. C. King, M. Kastner, and J. N. Kriel, Long-rangeKitaev chain in a thermal bath: Analytic
techniques for time-dependent systems and environments, arXiv:2204.07595.
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Reflections on the 200th Anniversary of the Second Law

Peter D. Keefe

University of Detroit Mercy, 4001 W. McNichols, Detroit, MI, USA

On June 12, 1824, Sadi Carnot published his book, “Reflections sur la puissance motrice du
feu et sur les machines propres a developper cette puissance” [1] at the age of 27. At the time,
he was a believer in the caloric theory of heat (he would later realize that heat and motion have
an interconnection). Nonetheless, he rightly surmised that the highest possible efficiency of a
heat engine occurs when it operates according to a cycle in which there is no conduction of heat
among the various parts of the engine. In such a situation, the motive power is independent
of the working medium and dependent only on the high and low operating temperatures of the
engine.

Carnot’s only publication went largely unnoticed until after his death in 1832. But dis-
covered it was, and while Carnot never articulated the Second Law, he nevertheless became
acknowledged as its founding father.

The Second Law of Thermodynamics remains to this day a mysterious, inviolable, funda-
mental law of nature.

The talk will conclude with an example of how even quantum systems cannot escape the
mandates of the Second Law.

[1] Sadi Carnot, “Reflections on the Motive Power of Fire,” edited by E. Mendoza, Dover
Publications, Mineola, NY, USA (1960). ISBN 0-486-44641-7.
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Blackbody Friction on a Moving Nanoparticle: An Exactly Soluble Model

Gerard Kennedy

School of Mathematical Sciences, University of Southampton, Southampton SO17 1BJ,
United Kingdom

Quantum electromagnetic field fluctuations can induce a frictional force on a neutral but po-
larisable particle that is moving uniformly through free space filled with blackbody radiation.
If the particle has purely real intrinsic polarisability, before being dressed by radiation, the
only dissipative mechanism is through its interaction with the radiation field fluctuations. In
this case, the particle is guaranteed to be in the non-equilibrium steady state (NESS), where it
absorbs and emits energy at the same rate. However, if the particle is intrinsically dissipative,
the corresponding intrinsic dipole fluctuations provide a further dissipative mechanism. In this
case, the particle can be out of NESS, where it gains or loses net internal energy; indeed, it will
be in NESS only if its temperature is equal to a special NESS temperature, which is a function
both of its velocity and of the temperature of the blackbody radiation. Using a Lorentz oscilla-
tor model for a spherical nanoparticle, we obtain exact analytical expressions for the frictional
force that the particle experiences and for the net radiation power that it absorbs. The frictional
force and the NESS temperature derived from these analytical expressions are compared with
corresponding numerical results for the case of a gold nanosphere.
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Stretched Exponential Relaxation of Weakly-Confined Brownian
Particles

Lucianno Defaveri, Eli Barkai, and David A Kessler

Bar-Ilan Univ., Dept of Physics, Ramat-Gan, Israel

Stretched-exponential relaxation is a widely observed phenomenon found in ordered ferromag-
nets as well as glassy systems. One modeling approach connects this behavior to a droplet dy-
namics described by an effective Langevin equation for the droplet radius with an r2/3 potential.
Here, we study a Brownian particle under the influence of a general confining, albeit weak, po-
tential field that grows with distance as a sublinear power law. We find that for this memoryless
model, observables display stretched-exponential relaxation. The probability density function
of the system is studied using a rate-function ansatz. We obtain analytically the stretched-
exponential exponent along with an anomalous power-law scaling of length with time. The
rate function exhibits a point of nonanalyticity, indicating a dynamical phase transition. In
particular, the rate function is double valued both to the left and right of this point, leading to
four different rate functions, depending on the choice of initial conditions and symmetry
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Patterns of active filaments

Stefan Klumpp

University of Goettingen, Friedrich-Hund-Platz 1, 37077 Göttingen, Germany

Biological structures are often based on filamentous structures, the most important example
being the cytoskeleton, a composite network of several filamentous elements, namely micro-
tubules, actin filaments and intermediate filaments. These filaments have length of several to
tens of microns and nanometer-size diameters. Importantly such filament are typically active,
e.g. because they are driven by molecular motors as in the case of microtubules and actin
filaments. This results in a variety of non-equilibrium structures and in unusual rheological
properties. On larger scales, filamentous bacteria with lengths of hundreds of microns and di-
ameters of the order of one micron provide other examples for active filaments, due to their
larger size more easily accessible to microscopy. These filaments can also active due to their
motility such as, for example, gliding on surfaces. In dense monolayers, they form intriguing
patterns including nematic order and larger spools or spirals.
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High field nanoplasmonics (On the way to nuclear fusion)

Norbert Kroo

Wigner Physics Research Center, Institute of Solid State Physics and Optics, Galgoczy str
51/B, Budapest 1125, Hungary

Surface plasmon polaritons are the light of the nanoworld, with a broad spectrum of special
properties. These properties open the field for a high number of applications, both in the fields
of low and high intensities. The present lecture summarizes the plasmonic properties of lo-
calized (LSPP) plasmons. They play asignificant role in many high field applications. Here
a special appllication of localized surface plasmons is presented. These plasmons are reso-
nantely excited by ultrashort (n.10 fs) , high intensity (up to n.1017 W/cm2) pulses of a Ti:Sa
laser on resonant gold nanoparticles, implanted into a transparent polymer, creating craters in
the studied samples. The volume of these craters, produced by the laser pulses in clean and
gold nanoparticles implanted polymers has been studied as the function of the exciting laser
intensity. Simultaneously the C-H and C-D oscillation Raman scattering lines were also mea-
sured on the crater surfaces. Preliminary data indicate fusion energy production due to the
nuclear trasmutation (hydrogen to deuterium) in the nanoparticle seeded sample, already at
these “relatively low” laser intensities, clearly proving the decisive role of different properties
(screening and accelerating protons) of the LSPP-s in both observed phenomena. The rough-
ness, attributed to the nuclear processes on the crater surface is also analyzed. Preliminary data
of other techniques (optial and mass spectrometry and some nuclear methods) are also shown.
Some results on modelling are also presented.

[1] N. Kroo, S. Varro, P. Racz, P. Dombi: Phys. Scripta 91, 053010 (2016)
[2] L.P. Csernai, N. Kroo, I. Papp: Lasers and Particle Beams 36, 171-178 (2017)
[3] L.P. Csernai, …, N. Kroo: Physics of Wave Phenomena 28(3), 187-199 (2020)
[4] I. Rigo, …, N. Kroo, M. Veress: arXiv 2210:00619 (2022)
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Theory of thermal transport via photons within media

Matthias Krüger

Institute for Theoretical Physics, University of Gottingen, Friedrich Hund Platz 1, 37077
Göttingen, Germany

It is well known that photons can cause thermal transport between isolated bodies, i.e., via
near- and far-field thermal radiation. In contrast, thermal transport within media by photons is
hardly explored, as it is typically exceeded by othermechanisms, such as electronic or phononic
contributions. Furthermore, theoretically determining photonic energy transport in dissipative
media has been found challenging, as it, among other things, requires careful treatment of
Poynting’s theorem. In this contribution, we derive an exact mesoscopic formalism for ther-
mal transport within dissipative media, circumventing Poynting’s theorem [1]. We discuss
cases where photonic contributions can be dominant such as an interface that supports travel-
ing surface waves. We compare to recent experiments as well as to approximate approaches,
e.g., using the Boltzman transport equation.

[1] M Krüger, K Asheichyk, M Kardar, R Golestanian, Phys. Rev. Lett. 132 (10), 106903
(2024)
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Quantum nonlinear thermodynamics from polaritons and spins to black
holes

Gershon Kurizki

The Weizmann Institute of Science, 2 Herzl Str., Rehovot 76100, Israel

We introduce a paradigm change in quantum thermodynamics: Instead of the usual open sys-
tems coupled to thermal baths, with possible modifications due to coherence effects, we re-
sort to closed systems with nonlinear interactions between thermal noise channels as work
and information resources. Nonlinear interferometers fed by thermal noise and filtered by gi-
ant polariton-polariton interactions or light-matter interactions in cavities are shown to act as
unique heat engines [1], quantum sensors [2] or quantum microscopes [3]. Black holes are
shown to be resources for nonlinear heat engines usable for spaceship propulsion [4]. We fur-
ther show that quantum measurements can be a “poor man’s substitute” for nonlinear work and
information resources [5-8].

[1] T. Opatrny et al. Sci. Adv. 9 (2023) 1070
[2] N. Meher et al. arxiv 2310.10081
[3] N. Meher et al. arXiv 2308.13267
[4] A. Misra et al. njp Quant. Info. (in press)
[5] DDB Rao et al. Nat. Commun. 13 (2022)3727
[6] S. Virzi et al. Phys. Rev. Lett. 129 (2022) 030401
[7] S. virzi et al. Phys. Rev. Appl. 11 (2024) 034014
[8] T. Opatrny, A. Misra and G. Kurizki, Phys. Rev. Lett. 127 (2021) 040602
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Symmetry-breaking as a tool for increasing power and efficiency in
thermal-to-electric energy conversion

Heiner Linke

Lund University, NanoLund and Solid State Physics, Box 118, 22100 Lund, Sweden

Thermoelectric systems, which can directly convert a heat gradient into electric current, typ-
ically operate in the linear regime described by a well-defined Seebeck coeficient and figure
of merit ZT. In this limit, the ratio of actual maximum power relative to the ideal maximum
power, the so-called fill factor (FF), is one quarter. By increasing the FF one can potentially
drastically increase the maximum power, but this is only possible in the nonlinear regime of
transport and has previously rarely been considered. Fundamental symmetry considerations
show that the leading order non-linear terms that can increase the FF require devices with bro-
ken spatial symmetry. To experimentally demonstrate such a system, we studied nonlinear,
thermoelectric transport across an asymmetric energy barrier epitaxially designed in a single
semiconductor nanowire and show that we can use symmetry breaking to both increase and
decrease the fill factor.

The results will be presented in the context of longterm work to use mesoscopic energy
filtering to increase the performance of thermoelectric energy conversion, and I will highlight
the potential use of these results in hot-carrier photovoltaics.

[1] J. Fast, H. Lundström, S. Dorsch, L. Samuelson, A. Burke, P. Samuelsson, H. Linke, cond-
mat arXiv:2304.01616
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Nonequilibrium phase transitions in active matter

Hartmut Löwen

Heinrich-Heine Universität Düsseldorf, Theoretical Physics II: Soft Matter,
Universitätsstrasse 1, 40225 Düsseldorf, Germany

While ordinarymaterials are typically composed of inert ”passive” particles, activematter com-
prises objects or agents which possess an intrinsic propulsion. Examples are living systems like
schools of fish, swarms of birds, pedestrians and swimming microbes but also artificial par-
ticles equipped with an internal motor such as robots and colloidal Janus particles. In this
talk the statistical mechanics of synthetic artificial self-propelled colloidal particles [1] and
possible nonequilibrium phase transitions are discussed and the importance of inertia is high-
lighted [2,3]. Finally, quantum active matter [4] and its thermodynamic consequences will be
proposed. The latter describes ultracold atoms in space-time correlated optical fields.

[1] C. Bechinger, R. di Leonardo, H. Löwen, C. Reichhardt, G. Volpe, G. Volpe, Reviews of
Modern Physics 88, 045006 (2016).

[2] S. Mandal, B. Liebchen, H. Löwen, Phys. Rev. Letters 123, 228001 (2019).
[3] L. Hecht, S. Mandal, H. Löwen, B. Liebchen, Phys. Rev. Letters 129, 178001 (2022).
[4] Y. J. Zheng, H. Löwen, arXiv:2305.16131
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Impact of nanopore’s topology on the electrical double layer and
capacitance

Marcelo Lozada-Cassou, Adrián Silva-Caballero, and Alejandra Lozada-Hidalgo

Renewable Energies Institute, UNAM, Priv. Xochicalco s/n, Temixco, Mexico

The electrolyte structure inside and outside of nanopores immersed into a bulk electrolyte is
analytically obtained [1]. Three different nanopore topologies are studied, i.e., planar, cylin-
drical, and spherical. The nanopores are model as nanocavities of wall thickness, d, with equal
surface charge density, σ0, on both surfaces of the nanopores. The electrolyte is model as a
point-ion symmetrical electrolyte, at a given concentration, ϱ0. The dielectric constant of the
fluid and the nanopores are taken to be equal to avoid image potentials. The nanopores are
considered as electrodes, not directly connected to a power source. The electrical double layer
inside and outside the nanopores are attained through the analytical solution of the correspond-
ing linearized Poisson-Boltzmann equation. Thus, analytical formulas for the mean electro-
static potential, electrolyte’s reduced concentration, and electrical field profiles, are exhibited.
In particular, analytical expressions for the nanopore’s differential capacitances are presented.
The nanopores are treated as permeable, so the electrolyte outside and inside the electrodes
are at the same chemical potential. Analogous analytical formulas for solid nano-electrodes
are obtained as a corollary of those for nanopores. In particular, their analytical expressions
for the differential capacitance here derived are shown to be consistent with the capacitive
compactness proposed in the past by one of us [2]. Numerical results of all of the above func-
tions are analyzed as a function of the nanopores geometrical parameters and the electrolyte’s
temperature and molar concentration. It is found that the spherical topology, at lower temper-
atures, has the higher differential capacitance. It is demonstrated that for the three nanopore
topologies here considered their capacitances reduce to that of a single planar electrode, in the
limit of infinitely wide nanopores. The electrical double layer and mean electrostatic poten-
tial of the three topologies are in qualitatively agreement with those from the non-linearized
Poisson-Boltzmann, hypernetted chain/mean-spherical approximation (HNC/MSA) equations
and computer simulations results presented in the past, within the low mean electrostatic po-
tential assumption. Connection of nanopore capacitance with biological, chemical and medical
systems is briefly discussed.

[1] A. Silva-Caballero, A. Lozada-Hidalgo, and M. Lozada-Cassou, J. Molecular Liquids, 391
(2023) 123170

[2] E. González-Tovar, F. Jiménez-Ángeles, R. Messina, and M. Lozada-Cassou, J. Chem.
Phys. 120 (2004) 9782.
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Nonequilibrium thermodynamics of quantum coherence beyond linear
response

Franklin Rodrigues and Eric Lutz

University of Stuttgart, Institute for Theoretical Physics I, Pfaffenwaldring 57, 70550
Stuttgart, Germany

Quantum thermodynamics allows for the interconversion of quantum coherence and mechan-
ical work. Quantum coherence is thus a potential physical resource for quantum machines.
However, formulating a general nonequilibrium thermodynamics of quantum coherence has
turned out to be challenging. In particular, precise conditions under which coherence is benefi-
cial to or, on the contrary, detrimental for work extraction from a system have remained elusive.
We here develop a generic dynamic-Bayesian-network approach to the far-from-equilibrium
thermodynamics of coherence. We concretely derive generalized fluctuation relations and a
maximum-work theorem that fully account for quantum coherence at all times, for both closed
and open dynamics. We obtain criteria for successful coherence-to-work conversion, and iden-
tify a nonequilibrium regime where maximum work extraction is increased by quantum coher-
ence for fast processes beyond linear response.

98



Wed, 24 July, 14:00 - 14:20, 3 session - A parallel T70

Spontaneous scattering of Raman photons from cavity-QED systems in
the ultrastrong coupling regime

Vincenzo Macrì1,2, Alberto Mercurio2,3, Franco Nori2,4, Salvatore Savasta2,3, and Carlos
Sánchez Muñoz2,5

1Università degli Studi di Pavia, Department of Physics, Via Bassi, 6 27100, Pavia, Italy
2Theoretical Quantum Physics Laboratory, Cluster for Pioneering Research, RIKEN,

Wakoshi, Saitama 351-0198, Japan
3Dipartimento di Scienze Matematiche e Informatiche, Scienze Fisiche e Scienze della Terra,

Universita‘ di Messina, I-98166 Messina, Italy
4Quantum Computing Center, RIKEN, Wakoshi, Saitama 351-0198, Japan

5Departamento de Física Teórica de la Materia Condensada and Condensed Matter Physics
Center (IFIMAC), Universidad Autónoma de Madrid, 28049 Madrid, Spain

We show that spontaneous Raman scattering of incident radiation can be observed in cavity-
QED systems without external enhancement or coupling to any vibrational degree of freedom.
Raman scattering processes can be evidenced as resonances in the emission spectrum, which
become clearly visible as the cavity-QED system approaches the ultrastrong coupling regime.
We provide a quantum mechanical description of the effect, and show that ultrastrong light-
matter coupling is a necessary condition for the observation of Raman scattering. This effect,
and its strong sensitivity to the system parameters, opens new avenues for the characterization
of cavity QED setups and the generation of quantum states of light.
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On the Nature of Physical Constants

Jiří J. Mareš, Václav Špička, and Pavel Hubík

Institute of Physics, v.v.i., Czech Academy of Sciences, Cukrovarnická 10, 162 00 Praha 6,
Czech Republic

Undoubtedly, the most important results of physical science are embodied in numerical val-
ues of fundamental constants, while the exact experimental determination of these constants
is quite essential for checking of the physical theories and establishment of the firm frame for
technological measurements, as well. In fact, the fundamental constants represent a rich blend
of physical quantities of very different nature, such as conversion factors, characteristics of
certain micro-physical objects or interaction coupling constants. Moreover, there are universal
constants, such as c (speed of light) and ħ (Planck’s constant), defining for the quantities of the
same kind, the unsurmountable upper or lower bound, respectively. Obviously, the ensemble
and numerical values of the fundamental constants are closely related to the system of units
used. In addition, in modern physics has appeared a strong “objectivization” trend to con-
struct a system of physical units which would be free of anthropic elements. As an example,
Planck’s system of natural units may serve, reputedly retaining its meaning for all times and
civilizations. This program was later completed by, among theoreticians very popular, non-
dimensionalization, i.e. by putting the fundamental constants to dimensionless unity,→ 1. In
experimental science, this tendency was in 2019 crowned with the re-definition of International
System of Units (SI), consisting of the substitution of all base units, depending on material re-
alizations (étalons), by defining constants, i.e. selected fundamental constants with the fixed
numerical values. Such epistemologically deep changes in the approach to the physical metrol-
ogy have inevitably some unexpected aspects and weak points, the discussion of which is the
subject of the present contribution.
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Anyon braiding and interferometry in the Fractional Quantum Hall
effect

Thierry Martin, Thibaut Jonckheere, Jérôme Rech, Benoit Grémaud, Flavio Ronetti, and Noé
Demazure

Centre de Physique Théorique, Aix Marseille Université, 163 av de Luminy, Marseille 13009,
France

The fractional quantum Hall effect (FQHE) is known to host anyons, quasiparticles whose
statistics is intermediate between bosonic and fermionic. We examine scénarios inspired by
quantum optics and translated in a condesed matter setting which demonstrate the braiding of
anyons. By injecting anyons on the edges of a quantumHall bar we show that Hong OuMandel
interferometry allows to determine the scaling dimension of the quasiparticle operator, which
is related to the statistics of anyons. This universal width of the Hong Ou Mandel dip can be
related to the anyonic braiding of the incoming excitations with thermal fluctuations created at
the quantum point contact. We also examine other interferometric devices such as Fabry Perot
to illustrate braiding in the time domain.

[1] T. Jonckheere, J. Rech, B. Grémaud, and T. Martin, Phys. Rev. Lett. 130 (2023) 186203
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Discoveries with the JWST, and what comes next

John C Mather

NASA GSFC, 8800 Greenbelt Road, Greenbelt, MD 20772 USA

The JWST, with its 6.5 m hexagonal mirror and its 4 infrared instruments, has yielded remark-
able surprises. The first galaxies are brighter and hotter than expected, and they aren’t round,
but are elongated into bananas and cigars. Galaxies and even individual stars are frequently
found at high redshift, through gravitational lensing. The first black holes we can find are
extremely bright and sometimes surrounded by immense clusters of galaxies. Pairs of Jupiter-
mass objects (JMBOs) have been discovered in the Orion nebula, upending theories of planet
formation. Some new stars are observed in their dusty cocoons, and some with their orbiting
disks of dust are observed edge-on, so we can test our stories of formation. Hot, large exo-
planet have atmospheres that we measured in transit spectroscopy, but no small planets around
M stars have detectable atmospheres, alas for the search for signs of life elsewhere. I will tie
the JWST results to cosmological predictions, with galaxies arising from density fluctuations
measured with the cosmic microwave background radiation, discuss the effects of cosmic dark
matter and dark energy, and consider the future of astronomy. Miraculous discoveries await.
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Wave-particle correlations and quantum-fluctuation asymmetry in
multiphoton Jaynes-Cummings resonances

Themistoklis Mavrogordatos

ICFO - The Institute of Photonic Sciences, Avinguda Carl Friedrich Gauss, 3, 08860
Castelldefels, Barcelona, Spain

Department of Physics, Stockholm University, SE-106 91 Stockholm, Sweden

Wediscuss the conditionalmeasurement of field amplitudes by a non-classical photon sequence
in the Jaynes-Cummings (JC) model under multiphoton operation. We do so by employing a
correlator of immediate experimental relevance to reveal a distinct quantum evolution in the
spirit of [1], relying on the complementary nature of the pictures obtained from different un-
ravelings of the JC master equation. We demonstrate that direct photodetection entails a con-
ditioned separation of timescales [2], a quantum beat and a semiclassical oscillation, produced
by the coherent light-matter interaction in its strong-coupling limit. We single the quantum
beat out in the analytical expression for the waiting-time distribution, pertaining to the particle
nature of the scattered light, and find a negative spectrum of quadrature amplitude squeezing,
relevant to its wave nature for certain operation settings. We then jointly detect the dual aspects
of the emitted radiation via the wave-particle correlator, showing an asymmetric regression of
fluctuations to the steady state [2, 3] which depends on the quadrature amplitude being mea-
sured.

More precisely, the application of quantum trajectory theory in parallel with the master
equation and quantum regression formula uncovers various aspects of temporal asymmetry
in the quantum fluctuations characterizing the cascaded process through which a multiphoton
resonance is established and read out. We also find that monitoring different quadratures of
the cavity field in conditional homodyne detection affects the times waited between succes-
sive photon counter “clicks”, which in turn trigger the sampling of the homodyne current [3].
The individual realizations thus obtained allow the experimenter to access the distribution and
statistics of the light field in a regime of single-atom QED where photon blockade persists for
a growing system-size parameter [4].

[1] G. T. Foster, L. A. Orozco, H. M. Castro-Beltran and H. J. Carmichael, Phys. Rev. Lett.
85, 3149 (2000).

[2] J. E. Reiner, W. P. Smith, L. A. Orozco, H. J. Carmichael and P. R. Rice, JOSA B 18, 12,
1911 (2001).

[3] Th. K. Mavrogordatos, Phys. Rev. Research 6, 013250 (2024); J. Opt. Soc. Am. B 41
C120 (2024)

[4] H. J. Carmichael, Phys. Rev. X.5, 031028 (2015).
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Thermal States via Quantum Dynamical Emulation

Jacob Leamer1,2, Denys I Bondar1, and Gerard McCaul1

1Tulane University, 8208 plum street, New Orleans, USA
2Sandia National Laboratory

We introduce the concept of Quantum Dynamical Emulation, a constructive method for map-
ping the solutions of non-unitary dynamics to a weighted set of unitary operations. This allows
us to derive a new correspondence between real and imaginary time, which we term Imaginary
Time Quantum Dynamical Emulation (ITQDE). This enables an imaginary time evolution to
be constructed from the overlaps of states evolved in opposite directions in real time. We
show that a single trajectory evolved using ITQDE can be used not only to infer ground and
thermal states, but also to resolve information about the complete Hamiltonian spectrum. We
further employ ITQDE to derive novel thermodynamic results, including a generalisation of
the Hubbard-Stratonovich transform. We go on to develop a quantum algorithm for computing
the spectra of quantum systems that is based on this premise. We demonstrate the utility of this
method through numerical simulation, as well as quantum hardware implementations.
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Experiments on quantum turbulence in superfluid He-4

Peter McClintock1, Malcolm Poole1, Roch Schanen1, Aneta Stefanovska1, Viktor Tsepelin1,
Dmitry Zmeev1, David Schmoranzer2, Simon Midlik2, Deepak Garg3, and Kalpana Devi3

1Lancaster University, Department of Physics, Lancaster University, Lancaster, LA1 4YB,
United Kingdom [1-6]

2Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic [7]
3Department of Physics, D.A.V. College, Chandigarh, India [8,9]

The physical properties of superfluid 4He are dominated by quantised vortices. They are all
identical, with a core of sub-atomic radius around which superfluid flows with a circulation of
κ = h/m4 where h is Planck’s constant and m4 is the 4He atomic mass. Energy dissipation by
e.g. a moving object usually occurs through the production of quantised vortices - a process
that occurs at critical velocities that are lower by orders of magnitude than the Landau critical
velocity needed for the creation of rotons. Free ends do not exist, so vortices either join back
on themselves to form continuous loops, or they terminate on the walls of the container or
solid objects within it. In the latter case they are “pinned” to protuberances to minimise their
length and thus energy. At higher temperatures towards that of the superfluid transition, thermal
energy may be sufficient to shake a vortex off its pinning site, in which case it may slide
across the surface until it re-pins to another protuberance. There is some evidence [1, 2] that,
astonishingly, the vortices may also de-pin at extremely low temperatures. We describe an
experiment to try to confirm this unexpected phenomenon, and to explore it, if it really exists.
The research is based on a novel kind of oscillator [3] in which, in the absence of vortices, the
superfluid remains at rest while the cell surfaces move. Both vortex creation, and the dragging
of vortex ends across surfaces, will result in energy dissipation which should be detectable
through the resultant changes in the frequency and width of the resonance. The experiment
will be described and preliminary results will be reported and discussed.

[1] R.J. Zieve, C.M. Frei, and D.L. Wolfson, Phys. Rev. B86 (2012) 174504.
[2] D.E. Zmeev, P.M. Walmsley, A.I. Golov, P.V.E. McClintock, S.N. Fisher, and W.F. Vinen,

Phys. Rev. Lett. 115 (2015) 155303.
[3] A.M. Guénault, P.V.E. McClintock, M. Poole, R. Schanen, V. Tsepelin, D.E. Zmeev, D.

Schmoranzer, W.F. Vinen, D. Garg, and K. Devi, Phys. Fluids 35 (2023) 045146 (2023).

105



Tue, 23 July, 13:00 - 13:30, 3 session - B parallel T77

Backaction and Anderson overlap catastrophe in quantum dots

Yigal Meir

Ben Gurion University of the Negev, Department of Physics, Beer Sheva 84105, Israel

In recent years significant experimental and theoretical progress has been made, enabling the
measurements of entropy in mesoscopic systems, in the hope of critically testing the existence
of exotic quasi-particles, such as Majorana fermions (MFs), in such systems. Some of these
measurements rely on the Maxwell relation dS/dµ = dN/dT, which requires measuring the
charge in the system, using a nearby quantum point contact (QPC) or a quantum-dot detector.
In this talk, I will briefly describe such measurements for single and double quantum dots in
the Coulomb blockade regime and show how the formalism has been generalized to deduce the
entropy from conductance measurements. Applying it to a setup where two and three-channel
Kondo physics have been observed, this formalism yields the fractional entropy of a single MF
and a single Fibonacci anyon. In the main part of the talk I will concentrate on the backaction of
the detector on the system itself, demonstrating that the detector may lead to a localization tran-
sition in the measured quantum system, a manifestation of the Anderson overlap catastrophe
and the quantum phase transition in the celebrated spin-boson model. We find a Kosterlitz-
Thouless flow diagram, leading to a universal jump in the spin-bath interaction, reflected in a
discontinuity in the zero temperature QPC conductance. Lastly, I show how by controlling the
properties of the detector, one can generate exotic models, yet unrealized experimentally, such
as the pseudo-gap Kondo model.
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Quantum Self-Propulsion of an Inhomogeneous Object out of Thermal
Equilibrium

Kimball A Milton1, Nima Poutolami2, Gerard Kennedy3, and Xin Guo1

1University of Oklahoma, H.L. Dodge Dept. of Physics and Astronomy, Norman, OK 73019
USA

2National Bank of Canada, Montreal, Quebec, H3B 4S9 Canada
3School of Mathematical Sciences, University of Southampton, Southampton SO17 1BJ UK

Previously, we explored how quantum vacuum torque can arise: a body or nanoparticle that is
out of thermal equilibrium with its environment, having a temperature T ′ different from that
the the blackbody background, T , experiences a spontaneous torque. But this requires that
the body be composed of nonreciprocal material, which seems to necessitate the presence of
an external influence, such as a magnetic field. Then the polarizability of the particle has a
real part which is nonsymmetric. This effect occurs to first order in the polarizability. To that
order, no self-propulsive force can arise. Here, we consider second-order effects, and show
that spontaneous forces can arise in vacuum, without requiring exotic electromagnetic prop-
erties. Thermal nonequilibrium is still necessary, but the body need only be inhomogeneous.
We consider four examples: a needle composed of distinct halves; a sphere and a ball, each
hemisphere being made of a different substance; and a thin slab, each face of which is different.
The results found are consistent with previous numerical investigations. Here, we take into ac-
count the skin depth of metal surfaces. We consider the frictional forces that would cause the
body to acquire a terminal velocity, which might be observable. More likely to be relevant is
relaxation to thermal equilibrium, which can still lead to a readily observable terminal velocity.
There also arises, in second order, a torque on a body out of equilibrium with its environment,
provided the body be inhomogeneous and chiral. The resulting radiation fields reflect both the
spontaneous force and torque.
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Optimal time estimation and the clock uncertainty relation for
Markovian stochastic processes

Kacper Prech4, Gabriel Landi2, Florian Meier5, Nuriya Nurgalieva3, Patrick Potts4, Ralph
Silva3, and Mark Mitchison1

1Trinity College Dublin
2University of Rochester

3ETH Zurich
4University of Basel

5Technical University of Vienna

Time estimation is a fundamental task that underpins precision measurement, global navigation
systems, financial markets, and the organisation of everyday life. Many biological processes
also depend on time estimation by nanoscale clocks, whose performance can be significantly
impacted by random fluctuations. In this work, we formulate the problem of optimal time es-
timation for Markovian stochastic processes, and present its general solution in the asymptotic
(long-time) limit. Specifically, we obtain a tight upper bound on the precision of any time es-
timate constructed from sustained observations of a classical, Markovian jump process. This
bound is controlled by the mean waiting time between jumps: in simple terms, the more fre-
quently a system transitions between its underlying states, the more precisely it can function
as a clock. As a consequence, we obtain a universal bound on the signal-to-noise ratio of ar-
bitrary currents and counting observables in the steady state. This bound is similar in spirit
to the kinetic uncertainty relation but provably tighter and we explicitly construct the count-
ing observables that saturate it. Our results establish ultimate precision limits for an important
class of observables in non-equilibrium systems, and demonstrate that the mean waiting time,
not the dynamical activity, is the measure of freneticity that tightly constrains fluctuations far
from equilibrium.
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VitaCrystallography: Old Approach to New Challenges

Lev Mourokh

Queens College of CUNY, 65-30 Kissena Blvd, Queens, USA

In the XX century, X-ray diffraction crystallography facilitated a major breakthrough in mate-
rial sciences allowing the determination of the electron density and, hence, the atomic positions
by the angle and intensity of the X-ray scattering. Later, in biocrystallography, this approach
was extended to biological molecules. After their crystallization, an electron density map can
be constructed from the X-ray diffraction patterns, and the molecular structure can be resolved.

In this presentation, I will examine the further extension of the X-ray diffraction approach,
which we call VitaCrystallography. It deals with the X-ray scattering on whole living tis-
sues without crystallization. The extracellular matrix (ECM) is not crystalline per se. Still, it
contains many elements exhibiting the structural periodicities that can contribute to the X-ray
diffraction patterns, such as collagen, keratin, glycoproteins, and adipose.

We will also discuss the perspectives of VitaCrystallography for monitoring the ECM sta-
tus. ECM plays critical regulatory roles in morphogenesis since it orchestrates cell signal-
ing, functions, properties, and morphology. The ECM structure is constantly being remodeled
and altered as a response to various external and internal factors. In this sense, revealing the
pathology-induced and, especially, the pathology-causing aberrations in the ECM is crucial. I
will present our results on animal and human samples, including nails (keratin) and mammal
glands (collagen and adipose), and show that VitaCrystallography leads to very early cancer
diagnostics.
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Measuring the period of a pendulum with a tall atom interferometer

Vanessa Ortiz1, Jens Berdahl1, Michael Manicchia2, and Frank Narducci1

1Naval Postgraduate School, Dept. of Physics, Monterey, USA
2United States Naval Academy, Dept. of Physics, Annapolis, Md, USA

Atom interferometers have long been recognized as very powerful tools for precision mea-
surements. Light-pulse atom interferometers allow atoms to freely evolve in-between laser
pulses and acquire information about the surrounding potential with a phase that scales as T2,
although proposals and experiments involving higher-order scaling (T3) have been reported [1,
2, 3]. The quantum sensors group at the Naval Postgraduate School is building a very tall atom
interferometer for precision measurements of inertial forces. Our first proposed experiment
involves the measurement of the period of a nearby Foucault pendulum with the atom interfer-
ometer. In this talk, I will first motivate why we would want to do such a simple experiment
in such a complicated way. The phase of the atom interferometer can be calculated using the
Feynman path integral technique. I will outline these calculations, highlighting the differences
that arise between our system and a more traditional Kasevich-Chu-style gravimeter [4]. Next,
I will briefly show the status of the construction of the apparatus. Finally, I will speculate on
other fundamental measurements that could be made with our apparatus.

[1] M. Zimmermann, M. A. Efremov, A. Roura, W. P. Schleich, S. A. DeSavage, J. P. Davis, A.
Srinivasan, F. A. Narducci, S. A. Werner and E. M. Rasel, “T3-interferometer for atoms,”
Appl. Phys. B., vol. 123, no. 4, p. 102, 2017.

[2] M. Zimmermann, M. A. Efremov, W. Zeller, W. P. Schleich, J. P. Davis and F. A. Nar-
ducci, “Representation-free description of atom interferometers in time-dependent linear
potentials,” New J. Phys., vol. 21, p. 073031, 2019.

[3] O. Amit, Y. Margalit, O. Dobkowski, Z. Zhou, Y. Japha, M. Zimmerman, M. A. Efremov, F.
A. Narducci, E. M. Rasel, W. P. Schleich and R. Folman, “T3 Stern-Gerlach Matter-Wave
Interferometer,” Physical Review Letters, vol. 123, p. 083601, 2019.

[4] M. Kasevich and S. Chu, “Atomic interferometry using stimulated Raman transitions,”
Physical Review Letters, vol. 67, p. 181, 1991.
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The Effective Permittivity of a Composite Material

Evgeniy Narimanov

Purdue University, 465 Northwestern Ave, West Lafayette, USA

From the pioneeringwork of Ottaviano-FabrizioMossotti, Rudolf Clausius, Ludvig Lorenz and
Hendrik Lorentz, to the seminal Maxwell Garnett’s equation and Bruggeman’s mixing formu-
lae, to the recent cluster models and analytical bounds , for nearly two centuries finding the
effective permittivity of an inhomogeneous composite medium remains one of the key prob-
lems in electromagnetic theory. While some of the existing methods offer accurate results in
special limiting cases (such as e.g. Maxwell Garnett’s approach that is valid ion non-percolating
structures with small relative volume of inclusions), there is yet no theoretical approach that is
applicable to a composite of arbitrary structure.

In the present work, we present the general analytical solution to this long-standing prob-
lem. We show that the permittivity of the composite is dominated by the universal contribution
that only depends on the relative volume fractions of constituents, and present the analytical
expressions for both the universal part of the permittivity and the non-universal correction due
to the variations of the shape, size and spatial arrangements in the structure of the composite.

111



Wed, 24 July, 13:30 - 14:00, 3 session - A parallel T83

Many-body physics with Fermions in an Optical Box

Nir Navon

Yale University, Prospect Street, New Haven, USA

For the past two decades harmonically trapped ultracold atomic gases have been usedwith great
success to study fundamental many-body physics in flexible experimental settings. However,
the resulting gas density inhomogeneity in those traps has made it challenging to study paradig-
matic uniform-system physics (such as critical behavior near phase transitions) or complex
quantum dynamics. The realization of homogeneous quantum gases trapped in optical boxes
has marked a milestone in quantum simulation with ultracold atoms [1]. These textbook sys-
tems have proved to be a powerful playground by simplifying the interpretation of experimental
measurements, by making more direct connections to theories of the many-body problem that
generally rely on the translational symmetry of the system, and by altogether enabling previ-
ously inaccessible experiments.

I will present a series of experiments with ultracold fermions trapped in a box of light [2-
5]. First, I will present two studies of stability problems: the spin-1/2 Fermi gas with repulsive
contact interactions [2] and the three-component Fermi gas with spin-population imbalance
[3]. Next, I will show the first observation of the Joule-Thomson effect in Fermi systems [4].
Finally, I will show how properties of quasiparticles can be modified by a dressing field; in
our case, Fermi polarons dressed with an rf field [5]. These studies have led to some surpris-
ing results, highlighting how spatial homogeneity not only simplifies the connection between
experiments and theory, but can also unveil unexpected outcomes.

[1] N. Navon, R.P. Smith, Z. Hadzibabic, Nature Phys. 17, 1334 (2021)
[2] Y. Ji et al., Phys. Lev. Lett 129, 203402 (2022)
[3] G.L. Schumacher et al., arXiv:2301.02237
[4] Y. Ji et al., Phys. Lev. Lett 132, 153402 (2024)
[5] F.J. Vivanco et al., arXiv:2308.05746
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How the vacuum explains the Lorentz electron, regular black hole
interiors and the dark matter

Theo M. Nieuwenhuizen

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

It is amazing how a new interpretation of the role of the vacuum makes the classical Maxwell-
Einstein equations consistent. The postulate that vacuum energy can flow and condense when
assisted by electric fields, explains 1) simple models for elementary particles; 2) provides exact
solutions for black holes with a regular interior and no singularity; 3) explains the dark matter
as a combination of electrostatic and vacuum energy; 4) provides a related structure for “hidden
momentum” in classical electrodynamics.

[1] T.M. Nieuwenhuizen, arXiv 2023
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Schwinger-Keldysh nonperturbative quantum field theory for
driven-dissipative spin systems

Branislav K. Nikolic, Felipe Reyes-Osorio, and Federico Garcia-Gaitan

University of Delaware, Department of Physics & Astronomy, 217 Sharp Lab, Newark, USA

The driven-dissipative many-body systems remain one of the most challenging unsolved prob-
lems in quantum mechanics. When “body” is spin, such many-spin systems underlie spintron-
ics, magnonics and quantum computing. In this talk, I will first explain conditions [1] under
which quantum spins interacting with a dissipative environment can transition toward classical
dynamics governed by the celebrated Landau-Lifshitz-Gilbert (LLG) equation. The extended
LLG equation for such classical spins, which includes non-Markovian and spatially nonlocal
damping of quantum origin, can be rigorously derived from Schwinger-Keldysh (SK) quan-
tum field theory (QFT) [2] by neglecting quantum fluctuations of spin fields. Its application
[3] to spin waves explains recent experiments where quantum sensing has measured 100-fold
increase of damping in yttrium iron garnet (one of the key materials in magnonics) due to
metallic overlayer. In the case of fully quantum spin dynamics, by combining SK QFT with
two-particle irreducible effective (2PI) action formalism and 1/N expansion, both of which
have been developed originally in elementary particle physics, we derive [4] time evolution
of spin in archetypical open quantum system, the spin-boson model of great importance for
understanding superconducting qubit decoherence. Despite only a class of Feynman diagrams
being effectively resummed to infinite order by 2PI, where those diagrams are generated by
expansion in 1/N (where N in the number of Schwinger bosons to which spin is mapped) in-
stead of expansion in coupling constant, our SK QFT can track numerically exact simulations
(such as from hierarchical equations of motion or tensor networks) of the spin-boson model.
This signifies that our SK QFT is nonperturbative and, furthermore, it can go reach regimes
where numerically exact simulations become problematic due to long time evolution, specific
temperature, more than one spin and ultimately emergence of “entanglement barrier.”

[1] F. Garcia-Gaitan and B. K. Nikolić, Phys. Rev. B 109, L180408 (2024).
[2] F. Reyes-Osorio and B. K. Nikolić, Phys. Rev. B 109, 024413 (2024).
[3] F. Reyes-Osorio and B. K. Nikolić, arXiv:2312.09140 (2023).
[4] F. Reyes-Osorio, F. Garcia-Gaitan, D. J. Strachan, P. Plecháč, S. R. Clark, and B. K. Nikolić,

arXiv:2405.00765 (2024).
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Franco Nori

RIKEN, Saitama, Japan; and University of Michigan, Ann Arbor, USA

This talk will provide a brief pedagogical overview of Machine Learning (ML) and, at the
end, a few applications of ML to quantum Physics. Additional information is available in
[1-10]. Special emphasis will be on [3,6,7,10]. Regarding [10]: Autonomous quantum error
correction (AQEC) protects logical qubits by engineered dissipation and thus circumvents the
necessity of frequent, error-prone measurement-feedback loops. Bosonic code spaces, where
single-photon loss represents the dominant source of error, are promising candidates for AQEC
due to their flexibility and controllability. Here, we propose a bosonic code for approximate
AQEC by relaxing the Knill-Laflamme conditions. Using reinforcement learning (RL), we
identify the optimal bosonic set of code words (denoted here by RL code), which, surprisingly,
is composed of the Fock states |2⟩ and |4⟩. As we show, the RL code, despite its approximate
nature, successfully suppresses single-photon loss, reducing it to an effective dephasing process
that well surpasses the break-even threshold. It may thus provide a valuable building block
toward full error protection.

[1] K. Bartkiewicz, C. Gneiting, A. Cernoch, K. Jirakova, K. Lemr, F. Nori, Experimental
kernel-based quantummachine learning in finite feature space, Scientific Reports 10, 12356
(2020)

[2] A. Melkani, C. Gneiting, F. Nori, Eigenstate extraction with neural-network tomography,
Phys. Rev. A 102, 022412 (2020)

[3] Y. Che, C. Gneiting, T. Liu, F. Nori, Topological quantum phase transitions retrieved
through unsupervised machine learning, Phys. Rev. B 102, 134213 (2020)

[4] N. Yoshioka, W. Mizukami, F. Nori, Solving quasiparticle band spectra of real solids using
neural-network quantum states, Communications Physics 4, 106 (2021)

[5] Y. Nomura, N. Yoshioka, F. Nori, Purifying Deep Boltzmann Machines for Thermal Quan-
tum States, Phys. Rev. Lett. 127, 060601 (2021)

[6] S. Ahmed, C.S. Munoz, F. Nori, A.F. Kockum, Quantum State Tomography with Condi-
tional Generative Adversarial Networks, Phys. Rev. Lett. 127, 140502 (2021)

[7] S. Ahmed, C.S. Munoz, F. Nori, A.F. Kockum, Classification and reconstruction of optical
quantum states with deep neural networks, Phys. Rev. Research 3, 033278 (2021)

[8] E. Rinaldi, X. Han, M. Hassan, Y. Feng, F. Nori, M. McGuigan, M. Hanada, Matrix-Model
Simulations Using Quantum Computing, Deep Learning, and Monte Carlo, PRX Quantum
3, 010324 (2022)

[9] Y. Che, C. Gneiting, F. Nori, Estimating the Euclidean quantum propagator with deep gen-
erative modeling of Feynman paths, Phys. Rev. B 105, 214205 (2022)

[10] Y. Zeng, Z.Y. Zhou, E. Rinaldi, C. Gneiting, F. Nori, Approximate Autonomous Quantum
Error Correction with Reinforcement Learning, Phys. Rev. Lett. 131, 050601 (2023)
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Eikonal formulation of large dynamical random matrix models

Jacek Grela, Maciej A. Nowak, and Wojciech Tarnowski

Institute of Theoretical Physics, Jagiellonian University, Łojasiewicza 11, Kraków, Poland

The standard approach to dynamical random matrix models relies on the description of trajec-
tories of eigenvalues. Using the analogy from optics, based on the duality between the Fermat
principle (rays) and the Huygens principle (wavefronts), we formulate the Hamilton-Jacobi
dynamics for large random matrix models. The resulting equations describe a broad class of
random matrix models in a unified way, including normal (Hermitian or unitary) as well as
strictly non-normal dynamics. This formalism applied to Brownian bridge dynamics allows
one to calculate the asymptotics of the Harish-Chandra-Itzykson-Zuber integrals.

[1] J. Grela, M.A. Nowak and W. Tarnowski, Phys. Rev. E104 (2021) 054111.
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Heat transport in the quantum Rabi model: Universality and ultrastrong
coupling effects

Luca Magazzù2, Elisabetta Paladino1, and Milena Grifoni2

1Dipartimento di Fisica e Astronomia Ettore Majorana, University of Catania & CNR-IMM
Catania & INFN Sez Ct, Via Santa Sofia 64, 95123 Catania, Italy

2Institute for Theoretical Physics, University of Regensburg, 93040 Regensburg, Germany

Heat transport in the quantum Rabi model at weak interaction with the heat baths displays
various regimes upon acting on the qubit-oscillator coupling g, which essentially controls the
conduction properties. In this work, we evaluate the linear conductance of the quantum Rabi
model employing a diagrammatic approach based on a master equation formalism in Liou-
ville space [1]. Universality of the linear conductance versus the temperature is found in the
low-to-intermediate temperature regime, when quantities are scaled with a coupling-dependent
Kondo-like temperature TK(g). At low temperatures, coherent heat transfer via virtual pro-
cesses yields a (T/TK)

3 behavior in the linear conductance modulated by a prefactor which is
determined by the junction parameters and unravels its multi-level nature. Destructive interfer-
ence arises in the presence of quasi-degeneracies in the spectrum. As the temperature increases,
incoherent emission and absorption dominate. Upon increasing g, the conductance transitions
from a resonant to a broadened, zero-bias peak regime in the presence of a bias on the qubit.
Similarities with the heat transfer in a qubit highlight how the internal qubit-oscillator coupling
plays the role of the qubit-bath coupling in the spin-boson model [2].

[1] L. Magazzù, E. Paladino, M. Grifoni “A unified diagrammatic approach in Liouville space
to quantum transport for bosonic and fermionic reservoirs”, arXiv:2403.06923.

[2] L. Magazzù, E. Paladino, M. Grifoni “Heat transport in the quantum Rabi model: Univer-
sality and ultrastrong coupling effects” arXiv:2403.06909.
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From multi-photon entanglement to quantum computational advantage

Jian-wei Pan

University of Science and Technology of China, Jinzhai Road 96, Hefei, China

Photons, the fast flying qubits which can be controlled with high precision using linear op-
tics and have weak interaction with environment, are the natural candidate for quantum com-
munications. By developing a quantum science satellite Micius and exploiting the negligible
decoherence and photon loss in the out space, practically secure quantum cryptography, entan-
glement distribution, and quantum teleportation have been achieved over thousand kilometer
scale, laying the foundation for future global quantum internet. Surprisingly, despite the ex-
tremely weak optical nonlinearity at single-photon level, an effective interaction between inde-
pendent indistinguishable photons can be effectively induced by a multi-photon interferometry,
which allowed the first creation of multi-particle entanglement and test of Einstein’s local re-
alism in the most extreme way. By developing high-performance quantum light sources, the
multi-photon interference has been scaled up to implement boson sampling with up to 76 pho-
tons out of a 100-mode interferometer, which yields a Hilbert state space dimension of 1030and
a rate that is 1014 faster than using the state-of-the-art simulation strategy on supercomputers.
Such a demonstration of quantum computational advantage is a much-anticipated milestone for
quantum computing. The special-purpose photonic platform will be further used to investigate
practical applications linked to the Gaussian boson sampling, such as graph optimization and
quantum machine learning.

[1] H. -S. Zhong et al., Science 370, 1460 (2020).
[2] J.-P. Chen et al., Physical Review Letters 128, 180502 (2022).
[3] Y.-H. Deng et al., Physical Review Letters 131, 150601 (2023).
[4] C. Wang et al., Science 384, 579 (2024).
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Informational steady-states and conditional entropy production in
continuously monitored systems

Mauro Paternostro

University of Palermo, Quantum Theory Group, Department of Physics and Chemistry, via
Archirafi 36, Palermo 90123, Italy

I will put forward a unifying formalism for the description of the thermodynamics of con-
tinuously monitored systems, where measurmeents are only performed on the environment
connected to a system. I will show, in particular, that the conditional and unconditional en-
tropy production, which quantify the degree of irreversibility of the open system’s dynamics,
are related to each other by the Holevo quantity and discuss the existence of informational
steady-states, i.e. stationary states of a conditional dynamics that are maintained owing to
the unbroken acquisition of information. I will illustrate the applicability of such framework
through several examples, including the modelling of a recent experiment in the field of cavity
optomechanics.

119



Mon, 22 July, 13:00 - 13:30, 3 session - B parallel T91

Reconstructing the Quantum State of Photon Propagating Through
Atmospheric Turbulence Simulator

Noah S Everett, Keith A Wyman, and Anil K Patnaik

Air Force Institute of Technology, AFIT/ENP, 2950 Hobson Way, Wright-Patterson AFB, USA

In striving for realization of a quantum-based internet and ground-to-space communication,
propagation of photonic qubit through atmospheric turbulence is an inevitable requirement
for global quantum network [1-4]. To enable development of robust quantum networks with
higher fidelity, it is critical that we learn how the state of the qubit is transformed while prop-
agating through the atmosphere [2]. In aiming at this goal, we are building up a laboratory
based atmospheric turbulence simulator (ATS) at AFIT to characterize the effects of different
scales of atmospheric turbulence on an entangled pair of photons as a function of statistical
quantities of turbulence, such as the Fried parameter and scintillation index for long-distance
communication.

The simulated turbulence is constructed using two afocal optical systems with a phase plate
inserted in each to mimic both weak and strong atmospheric turbulence respectively. The qubit
to propagate through the systemwas a polarization-entangled photon-pair source, produced us-
ing spontaneous parametric down-conversion. After propagation, the two beams are modified
to be projected onto a specified component of polarization and quantum state tomography are
performed on the photons to analyze the effects of the turbulence on the original state once re-
constructed [5]. In characterization of the simulated turbulence, wewere able to reach strengths
up to a D/r0 of 18.2, which approached the strong turbulence regime. Wewill discuss the results
of the quantum state tomography and other quantum interoferic measurements.

[1] A. K. Patnaik, Proc. SPIE PC12016, Optical and Quantum Sensing and Precision Metrol-
ogy II, PC1201638 ( 2022).

[2] K. A. Wyman, N. S. Everett, R. J. Von-Holle, V. I. Ramesh, M. W. Hyde, A. K. Pat-
naik, Proc SPIE Photonics West, Quantum Computing, Communication, and Simulation
IV, PC1291108 (2024).

[3] B. V. DeLuca, A. K. Patnaik, Fourier transfer function for generic light pulse storage and
retrieval using EIT. Eur. Phys. J. Spec. Top. 232 (2023) 3369; Y. Rostovtsev, J. Emerick,
and A. K. Patnaik, Results in Optics 13 (2023) 100568.

[4] N. S. Everett, K. A. Wyman, R. Lanning and A. K. Patnaik (to be submitted, 2024).
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Time-Linear Quantum Transport Simulations: Electroluminescence
rectification and high harmonic generation in molecular junctions

Yaroslav Pavlyukh

Wrocław University of Science and Technology, Institute of Theoretical Physics, Wybrzeże
Wyspiańskiego 27, Wrocław (50‐370), Poland

Molecular systems are prospective elements of future electronic devices such as nano-junctions.
State-of-the-art calculations are able to accurately predict ground and excited properties of tech-
nologically relevant molecules. However, ab initio description of photo-assisted tunneling,
optical rectification, and electrically driven photon emission requires a new set of tools.

Therefore, I present a time-linear scaling method to simulate open and correlated quantum
systems out of equilibrium [1]. The many-body diagrammatic theory provides a systematic
approach to handle interactions between electrons, bosonic excitations, and embedding. To
access the dynamical properties of the system, the Kadanoff-Baym equations for the two-time
electron and boson Green’s functions must be propagated. The time nonlocality of the scatter-
ing term poses a significant challenge for full two-time propagation, resulting in at least cubic
scaling with the physical propagation time. The generalized Kadanoff-Baym ansatz (GKBA)
alleviates the scaling problem by limiting the propagation to the time diagonal and working
with density matrices rather than Green’s functions. This approach leads to a coupled system
of first-order ordinary differential equations (ODEs) with linear time scaling, as demonstrated
in electronic [2], electron-bosonic [3], and open systems within the wide band limit approxi-
mation (WBLA) [1].

As a case study for the formalism, I report the quantum pump effect in a Benzenedithiol
molecule connected to copper electrodes and coupled with cavity photons [4]. The nonequi-
librium transport simulations by the recently developed Cheers code [5] reveal electric and
photonic current responses to an ac bias voltage, pronounced electroluminescence and high
harmonic generation (HHG) in this setup. The mechanism of HHG is more analogous to that
from solids than from isolated molecules. Comparing the power carried by the photon flux
with the total power, we found quantum efficiency around ten percent, similar to quantum-dot
devices.

[1] R. Tuovinen, Y. Pavlyukh, E. Perfetto, G. Stefanucci, Phys. Rev. Lett. 130 (2023), 246301.
[2] N. Schlünzen, J.-P. Joost, and M. Bonitz, Phys. Rev. Lett. 124 (2020), 076601.
[3] D. Karlsson, R. van Leeuwen, Y. Pavlyukh, E. Perfetto, and G. Stefanucci, Phys. Rev. Lett.

127 (2021), 036402.
[4] R. Tuovinen, Y. Pavlyukh, arXiv:2406.01254 [cond-mat.mes-hall].
[5] Y. Pavlyukh, R. Tuovinen, E. Perfetto, G. Stefanucci, Phys. Status Solidi B 2023, 2300504.
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Emergence of Boltzmann subspaces in open quantum systems far from
equilibrium

Uri Peskin, Saar Rahav, and Michael Iv

Technion - Israel Institute of Technology, Haifa city, Haifa, Israel

Single molecule junctions are important examples of complex out-of-equilibrium many-body
quantum systems. We identify a non-trivial clustering of steady state populations into dis-
tinctive subspaces with Boltzmann-like statistics, which persist far from equilibrium. Such
Boltzmann subspaces significantly reduce the information needed to describe the steady state,
enabling modeling of high dimensional systems which are otherwise beyond reach of current
computations. The emergence of Boltzmann subspaces is demonstrated analytically and nu-
merically for fermionic transport systems of increasing complexity.
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Quantumness in plasmon assisted multiphoton photoemission

Walter Pfeiffer

Bielefeld University, Universitaetsstr. 25, Bielefeld, Germany

Plasmon polaritons are resonant modes arise through the interaction of electromagnetic fields
with conductive materials. As resonators they form energy reservoirs. Although it is common
knowledge that such reservoirs must in principle be represented as quantum oscillators in most
cases these excitations can well be conceived as classical entities. The direct identification of
the quantum nature of plasmons has been prevented by the delicate nature of the quantum states,
the nanoscale field confinement of plasmons, and a lack of appropriate probes. A recent exper-
iment using coherent multidimensional spectroscopy with nanoscale spatial resolution allowed
to directly probe a plasmon polariton quantum wave packet [1]. To reproduce these results an
improved quantum model of photoemission was required, in which the coherent coupling be-
tween plasmons and electrons is accounted for with the plasmon excitations extending beyond
a two-level model. In this contribution the experiment and its theoretical modelling serves as
a starting point for discussing further plasmon assisted nanoscale quantum phenomena such
as emerging plasmon assisted few-photon down conversion [2] and a novel parametric down
conversion process involving bulk plasmon.

[1] S. Pres, B. Huber, M. Hensen, D. Fersch, E. Schatz, D. Friedrich, V. Lisinetskii, R. Pompe,
B. Hecht, W. Pfeiffer, T. Brixner, Nature Phys. 19 (2023) 656.

[2] R. Pompe, M. Hensen, M. Otten, S. K. Gray, W. Pfeiffer, Phys. Rev. B 108 (2023) 115432.
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Entanglement-preserving single-pair measurement of the Bell parameter

Salvatore Virzì1, Enrico Rebufello1, Francesco Atzori1,2, Alessio Avella1,
Fabrizio Piacentini1, Rudi Lussana3, Iris Cusini3, Francesca Madonini3, Federica Villa3,
Marco Gramegna1, Eliahu Cohen4, Ivo Pietro Degiovanni1,5, and Marco Genovese1,5

1INRIM, strada delle Cacce 91, I-10135 Torino, Italy
2Politecnico di Torino, Corso Duca degli Abruzzi 24, I-10129 Torino, Italy

3Politecnico di Milano, Dipartimento di Elettronica, Informazione e Bioingegneria, Piazza
Leonardo da Vinci 32, 20133 Milano, Italy

4Faculty of Engineering and the Institute of Nanotechnology and Advanced Materials, Bar
Ilan University, Ramat Gan, Israel

5INFN, sezione di Torino, via P. Giuria 1, 10125 Torino, Italy

In 1965, J. S. Bell [1] turned a philosophical debate into a physical experiment capable of
extracting the true nature of correlations in physical systems, opening several research fields
spanning from quantum mechanics foundations to quantum technologies [2]. Over the past
decades, the scientific community has thoroughly investigated Bell inequalities, eventually
achieving loophole-free tests [3-5]. Nevertheless, some issues still persist: e.g., within the tra-
ditional (projective) quantummeasurement framework, the wavefunction collapse and Heisen-
berg uncertainty principle forbid performing, on the same quantum system, all the measure-
ments needed for evaluating the entire Bell parameter.

Conversely, here we present a method for estimating the entire Bell parameter from each
entangled pair while preserving entanglement [6], ensuring its further availability. This method
relies on weak measurements [7], where a tiny coupling between the observed system and the
measurement device allows estimating the observables of interest while preventing the state
from collapsing: one can therefore measure multiple observables on the same quantum state,
extracting all the correlations needed to evaluate the full Bell parameter from each pair (al-
though with a large uncertainty, typical of weak measurements).Our experiment provides new
insights into understanding quantummechanics foundations, like the concept of counterfactual
definiteness [8]. Moreover, after the entanglement is certified, it results almost unaltered and
therefore exploitable for other quantum information protocols or quantum foundations inves-
tigations, like testing novel bounds intertwining local and nonlocal correlations.

[1] J. S. Bell, Physics 1, 195 (1965).
[2] I. Georgescu, Nat. Rev. Phys. 3, 674 (2021).
[3] B. Hensen et al., Nature 526, 682 (2015).
[4] M. Giustina et al., PRL 115, 250401 (2015).
[5] L. K. Shalm et al., PRL 115, 250402 (2015).
[6] S. Virzì et al., arXiv:2303.04787 (2023).
[7] Y. Aharonov, D. Z. Albert & L. Vaidman, PRL 60, 1351 (1988).
[8] Y. Aharonov, A. Botero, S. Popescu, B. Reznik & J. Tollaksen, PLA 301, 130 (2002).
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Low Noise Opto-Electro-Mechanical Modulator for RF-to-Optical
Transduction in Quantum Communications

Paolo Piergentili1,2, Francesco Marzioni1,2,3, Michele Bonaldi4,5, Antonio Borrielli4,5,
Riccardo Natali1,2, Nicola Malossi1,2, Enrico Serra5,6, David Vitali1,2,7, and Giovanni Di

Giuseppe1,2

1Physics Division, University of Camerino, School of Science and Technology, Via Madonna
delle Carceri 9b, 62032 Camerino (MC), Italy

2INFN, Sezione di Perugia, Via A. Pascoli, 06123 Perugia (PG), Italy
3Physics Department, University of Napoli “Federico II”, 80126 Napoli (NA), Italy

4Institute of Materials for Electronics and Magnetism, Nanoscience-Trento-FBK Division,
Via alla Cascata 56c, 38123 Povo (TN), Italy

5INFN, TIFPA, Via Sommarive 14, 38123 Povo (TN), Italy
6Department of Microelectronics and Computer Engineering, ECTM, Delft University of

Technology, Feldmanweg 17, 2628 CT Delft, The Netherlands
7CNR-INO, L.go Enrico Fermi 6, 50125 Firenze (FI), Italy

Quantum transduction plays a crucial role in quantum technologies [1,2]. One of the primary
focus lies on achieving coherent conversion between optical and microwave/radiofrequency
(Mw/RF) photons since optical spectrum iswell-suited for long-distance communication, while
the lower frequencies prove advantageous for precise local quantum operations. In this talk we
present a complete theory to sympathetic cool a macroscopic radio-frequency LC electrical cir-
cuit to its ground state by means of an electro-optomechanical system, consisting of an optical
cavity dispersively coupled to a nanomechanical oscillator, which is in turn capacitively cou-
pled to the LC circuit of interest [3]. We show the realization of a novel electro-opto-mechanical
device that can be used for the sympathetic cooling of the LC circuit, and as building block
of an RF/Mw-optical transducer [4]. The key element of the device is a mechanical resonator
based on a metal coated circular membrane capacitively coupled to an electrical circuit. We
present the measurement of mechanical and electro-mechanical properties of the device. The
quality factor of the mechanical oscillator has been characterized at room and cryogenic tem-
peratures. The frequency shift of the fundamental mode of the oscillator due to the application
of a potential difference is the evidence of the presence of the electro-mechanical coupling.

[1] Y. Chu and S. Gröblacher, Appl. Phys. Lett. 117 (2020) 150503.
[2] N. Lauk, N. Sinclair, S. Barzanjeh, J.P. Covey, M. Saffman, M. Spiropulu, and C. Simon,

Quantum Sci. Technol. 5 (2020) 020501.
[3] N. Malossi, P. Piergentili, J. Li, E. Serra, R. Natali, G. Di Giuseppe, and D. Vitali, Phys.

Rev. A 103 (2021) 033516.
[4] M. Bonaldi, A. Borrielli, G. Di Giuseppe, N. Malossi, B. Morana, R. Natali, P. Piergentili,

P.M. Sarro, E. Serra, and D. Vitali, Entropy 25(7) (2023) 1087.
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Nanomechanically-induced nonequilibrium quantum phase transition in
a Bose-Einstein condensate

Milan Radonjić1,2, Leon Mixa1,3, Axel Pelster4, and Michael Thorwart1,3

1I. Institute of Theoretical Physics, University of Hamburg, Notkestraße 9-11, 22607
Hamburg, Germany

2Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade,
Serbia

3The Hamburg Center for Ultrafast Imaging, Luruper Chaussee 149, 22761 Hamburg,
Germany

4Physics Department and Research Center OPTIMAS, University Kaiserslautern-Landau,
Erwin-Schrödinger Str. 46, 67663 Kaiserslautern, Germany

In this talk, we report a nonequilibrium quantum phase transition (NQPT) in a hybrid quantum
many-body system consisting of a vibrational mode of a damped nanomembrane interacting
optomechanically with a cavity, whose output light couples to two internal states of an ultra-
cold Bose gas held in an external quasi-one-dimensional box potential [1]. For small effective
membrane-atom couplings, we find that the system is in a homogeneous Bose-Einstein con-
densate (BEC) steady state with no membrane displacement. Depending on the transition fre-
quency between the two internal atomic states, either one or both internal states are occupied.
By increasing the atom-membrane couplings, the system transitions to a symmetry-broken self-
organized BEC phase, which is characterized by a significantly displaced membrane steady
state and density wave-like BEC profiles. We show that this NQPT can be both discontinu-
ous and continuous for a certain interval of transition frequencies, and is purely discontinuous
outside this interval. Finally, we discuss further research directions.

[1] M. Radonjić, L. Mixa, A. Pelster, and M. Thorwart, arXiv:2401.18015 (2024).
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Can auxiliary sites accelerate enzymatic reactions?

Hila Katznelson and Saar Rahav

Schulich Faculty of Chemistry, Technion - Israel Institute of Technology, Technion City, Haifa
3200008, Israel

Recent work suggests that inactive binding sites may play a role in the kinetics of molecular
machines and motors. We study if the rate at which fuel molecules reach a catalytic site and
react there can be enhanced by the presence of nearby auxiliary sites. A simple model of
the flow of molecules from a reservoir to the site is defined, and its steady state is analyzed.
Two possible mechanisms of rate acceleration have been identified. In the first the auxiliary
site stores a fuel molecule and releases it when the nearby active site is empty. In the second
mechanism, the escape of molecules from the active site is blocked. Our results demonstrate
an interesting and largely unexplored out-of-equilibrium phenomenon.
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Interferometry with Bose-Einstein condensates in microgravity

Ernst Maria Rasel

Leibniz University Hannover, Institute of quantum optics, Welfengarten 1, Hannover,
Germany

Research on light-pulse atom interferometers is motivated by the interest in accurate and long-
term stable inertial measurements. Important sensitivity levers for the latter are the extension
of the interferometry time and the transfer of large numbers of photon momenta. Ultra-cold
atomic ensembles are a promising resource for light-pulse interferometers considering all afore-
mentioned aspects. We explore collimated Bose-Einstein condensates generated on atom chips
as ultra-slowly expanding gas for light-pulse interferometry. I will report on the status of ex-
periments in free-fall facilities and in space, i.e. during the last sounding rocket mission.
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Entangled photon-pair emission in circuit QED from a Cooper pair
splitter

Gianluca Rastelli1, Michele Governale2, Pasquale Scarlino3, and Christian Schönenberger4

1CNR-INO, Pitaevskii BEC Center, CNR-INO and Dipartimento di Fisica, Universita’ di
Trento, Via Sommarive 14 (Povozero), 38123 Trento (TN), Italy

2School of Chemical and Physical Sciences and MacDiarmid Institute for Advanced
Materials and Nanotechnology, Victoria University of Wellington, PO Box 600, Wellington

6140, New Zealand
3Institute of Physics and Center for Quantum Science and Engineering,Ecole Polytechnique

Fédérale de Lausanne, CH-1015 Lausanne, Switzerland
4Department of Physics, University of Basel, Klingelbergstrasse 82, CH-4056, Switzerland

As a circuit QED architecture, we study the photon emission of a Cooper pair splitter formed by
two double dots each of them coupled to a microwave transmission line. We demonstrate that it
is possible to generate entangled photon pairs in frequency, in the left (L) and the right (R) line,
namely two photon wavepackets with a superposition of states at different frequencies. The
frequency entanglement of the two photons has origin in the particle-hole coherent superposi-
tion of the electronic entangled singlet that tunnels out from the superconducting nanocontact
inserted between the two double dots. Using the parameters of the state of art of the circuit
QED devices with quantum dots, we also estimate the efficiency of the entangled pair-photon
generation assuming that non-radiative processes are also present in the two double-dots. So
far no experiment has demonstrated that electrons leaking out in a Cooper pair splitter are en-
tangled. Our proposal is a realistic and achievable within the reach of the state of art in quantum
microwave engineering with quantum dots.
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Particle-hole thermalization in a composite super and normal conducting
nanowire

Linda E Reichl and Francisco Estrella

University of Texas at Austin, Physics Department, 1 University Station, Austin, 78712, USA

The mechanisms by which isolated condensed matter systems thermalize is a topic of growing
interest. Thermalization is known to be linked to the emergence of chaos in the dynamics of a
system. We show that a solid state scattering system, containing superconducting elements, can
thermalize scattered states without affecting the degree of entanglement of the scattered states.
We consider a composite NSNSNSNSN nanowire, composed of BSCCO Bi2Sr2CaCu2O8+x

superconducting segments (S) and normal conducting segments (N). We consider parameter
regimes where all current flow is due to tunneling currents that are facilitated by quasibound
state resonances inside the SNSNSNS structure. At certain energies, scattered pure states ap-
proach ergodicity, even though they remain pure.
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Finite width of anyons changes their braiding signatures

Kishore Iyer, Flavio Ronetti, Benoît Grémaud, Thierry Martin, Jérôme Rech, and Thibaut
Jonckheere

Aix Marseille Univ, Université de Toulon, CNRS, CPT, 163 Av de Luminy, 13009 Marseille,
France

Anyons are particles intermediate between fermions and bosons, characterized by a nontrivial
exchange phase, yielding remarkable braiding statistics. Recent experiments have shown that
anyonic braiding has observable consequences on edge transport in the fractional quantumHall
effect (FQHE). In this talk, we present transport signatures of anyonic braidingwhen the anyons
have a finite temporal width. We show that the width of the anyons, even extremely small, can
have a tremendous impact on transport properties and braiding signatures. In particular, we
find that taking the finite width into account allows us to explain recent experimental results
on FQHE at filling factor 2/5 [Ruelle et al., Phys. Rev. X 13, 011031 (2023)]. Our work
shows that the finite width of anyons crucially influences setups involving anyonic braiding,
especially for composite fractions where the exchange phase is larger than π/2.
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Correlated quantum photon states generated by vacuum fields

Jacob Emerick, Trever Harborth, and Yuri Rostovtsev

Department of Physics, University of North Texas, 1155 Union Circle, #311427, Denton, USA

This talk is to explore various techniques to manipulate populations in quantum systems by ap-
plying tailored optical pulses included even vacuum fields. The techniques are based on inter-
actions between adiabaticaly changing quantum fields with the quantum systems. The obtained
results will be beneficial to the fields of atomic and molecular physics, quantum electronics,
and nonlinear physics. In particular, these new techniques will be important for developing
quantum sensors, quantum information systems. The quantum fields created and emitted can
be used for quantum communications.

Propagation of quantum field interactingwith single two-level or three-level atoms has been
studied. Using the Gaussian quantum mode functions, we calculate evolution of the quantum
state that includes atomic and field variable. We demonstrated the phase acquired by the single
photon propagation [1,2] that can be of great importance for long quantum communications.
The results can be used for controlling quantum field propagation, and for design of optical
elements such as a quantum prism and a quantum lens.

We consider a Lambda-type three-level atom in a QED cavity. One atomic transition is
driven by a classical field and the other transition is driven by the “vacuum” field. The vacuum
field can be strongly modified by the cavity, and in particular, the “vacuum” field can have
a chirped frequency modulation that it can be a part of adiabatic rapid passage together with
classical drive field. The action of the classical and “vacuum” or quantum field can result
in the generation of the quantum fields with controllable parameters. Such QED cavity can
be used to generate strongly correlated quantum fields that can be of interest for quantum
sensing, spectroscopy at the single photon level, quantum teleportation, and other applications
for quantum information.

[1] Yuri Rostovtsev, Jacob Emerick, Anil Patnaik, “The refractive index of a single atom ex
perienced by a single photon”, Results in Optics, 2023. DOI: 10.1016/j.rio.2023.100568

[2] https://sciencefeatured.com/2024/01/24/light-particle-meets-atom-revolutionizes-communication/
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Quantum Mechanical and Optical Inspirations in Surface Gravity Water
Waves: An Analogy Exploration

Georgi Gary Rozenman

Research Laboratory of Electronics, MIT-Harvard Center for Ultracold Atoms, Department
of Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

Analogies between quantum and classical systems can be found in many areas of physics, from
optics and acoustics to condensed matter and particle physics. Surface gravity water waves,
for example, have been shown to exhibit analogies to both quantum mechanics and optics.
By exploring such analogies, we can gain new insights into the fundamental behavior of both
quantum and classical systems. While the two regimes of physics operate on vastly different
scales, they are related through the notion of wave-particle duality. This duality allows quantum
objects, such as photons and electrons, to display both wave-like and particle-like properties,
like classical systems.

In that regard, the phase of a matter wave, governed by the Schrödinger equation, plays
a crucial role in solving fundamental problems in quantum mechanics. However, it is quite
difficult to measure the full wave packet (both amplitude and phase) of matter waves. In this
research, we propose both theoretical and experimental study of quantummechanical analogies
with hydrodynamics, by measuring the propagation dynamics of surface gravity water waves,
which, under certain circumstances, obey the Schrödinger equation. We began this research
by exploring the propagation dynamics of Gaussian and Airy wave packets and successfully
observed the Kennard cubic phase for the first time. We further investigated the propagation
dynamics of solitons in linear potential, a problem in which the wave packets maintain their
temporal shape but accelerate. Then, we explored various systems such as the Talbot effect
(or Talbot carpets) and successfully showed experimentally that the Talbot effect occurs not
only in the amplitude but also in the phase. In addition, we explored the Talbot effect in the
nonlinear regime and observed for the first time the absence of fractional Talbot-effect, due to
interference of the periodic wavepackets in a nonlinear medium. Currently, we study deeper
analogies between quantum mechanics and surface waves and aim to measure scattering of
wave packets from an inverted oscillator potential, quantum decoherence, ballistic wave pack-
ets as well as other different time-dependent potentials and an analogy of a black holes in phase
space. Furthermore, we have recently discovered that our experimental setup allowsmeasuring
and studying Bohm trajectories and quantum potentials of different wave packet types, includ-
ing two/three slits and Airy slits. In addition, this approach can also lead to an experimental
observation of the Wigner distribution of the wave function or the adjunct entropy. Moreover,
we have recently shown that our system can emulate antireflection temporal coatings, dark
focusing and diffractive focusing and guiding of waves. These experiments aim to serve as a
new type of a platform for different aspects of complex optical systems fundamentals as well
as fundamental quantum phenomena.
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Optimal transport of active particles induced by substrate concentration
oscillations

J. D. Torrenegra-Rico, A. Arango-Resptrepo, and J. M. Rubi

University of Barcelona, Faculty of Physics, Diagonal 647, Barcelona, Spain

We show the existence of a stochastic resonant regime in the transport of active colloidal par-
ticles under confinement. The periodic addition of substrate to the system causes the spectral
amplification to exhibit a maximum for an optimal noise level value. The consequence of this
is that particles can travel longer distances with lower fuel consumption. The stochastic res-
onance phenomenon allows the identification of optimal scenarios for the transport of active
particles, enabling them to reach regions that are otherwise difficult to access, and may there-
fore find applications in transport in cell membranes and tissues for medical treatments and
soil remediation.

[1] J.D. Torrenegra-Rico, A. Arango-Restrepo, and J.M. Rubi, Phys. Rev. E, 108, 014134
(2023)
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Modelling non-Markovian noise in superconducting qubits

Ivan Rungger, Abhishek Agarwal, Lachlan Lindoy, Deep Lall, and Francois Jamet

National Physical Laboratory, Hampton Road, Teddington, TW11 0LW, United Kingdom

Non-Markovian noise can be a significant source of errors in superconducting qubits. It is
caused by ubiquitous effects such as quasiparticle induced charge parity fluctuations, as well
as frequency fluctuations induced by two level systems or other defects. We develop a method
based on mirrored pseudo-identity gates to characterise the non-Markovian noise in idle and
driven qubits [1]. We compare three approaches to modelling the observed noise: (i) a Marko-
vian noise model, (ii) a model including interactions with a two-level system (TLS), (iii)
a model utilising the post Markovian master equation (PMME). We show that the Marko-
vian noise model fails to capture the experimental behaviour, and that only by including the
non-Markovian components one can describe the experiments. We further present fast time-
resolved characterization techniques that allow us to indicate the physical origin of the non-
Markovian noise. We find large changes of the dominating noise contributions, such as qubit
frequency fluctuations, over both long time-scales of hours and days, and also over very short
micro-seconds time-scales.

[1] A. Agarwal, L. P. Lindoy, D. Lall, F. Jamet, I. Rungger, “Modelling non-Markovian noise
in driven superconducting qubits”, Quantum Sci. Technol. (2024).
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Quantum measurement and control of a Maxwell demon in double
quantum dots

Peter Samuelsson

Physics Department, Lund University, Professorsgatan 1, S-223 63 Lund, Sweden

In scenarios coined Maxwell’s demon, information on microscopic degrees of freedom is used
to seemingly violate the second law of thermodynamics. This has been studied in the classi-
cal as well as the quantum domain. Here we study an implementation of Maxwell’s demon
that can operate in both domains [1,2]. In particular, we investigate information-to-work con-
version over the quantum-to-classical transition. The system is analyzed within a recently
developed Quantum Fokker-Planck master equation framework for continuous measurement
and feedback control [2]. The demon measures the charge state of a double quantum dot, and
uses this information to guide electrons against a voltage bias by tuning the on-site energies
of the dots. Coherent tunneling between the dots allows for the buildup of quantum coher-
ence in the system. Under strong measurements, the coherence is suppressed, and the system
is well-described by a classical model. As the measurement strength is further increased, the
Zeno effect prohibits interdot tunneling. A Zeno-like effect is also observed for weak mea-
surements, where measurement errors lead to fluctuations in the on-site energies, dephasing
the system.

[1] B. Annby-Andersson, D. Bhattacharyya, P. Bakhshinezhad, D. Holst, G. De Sousa, C.
Jarzynski, P. Samuelsson, P. P. Potts, arXiv:2405.09376

[2] B. Annby-Andersson, P. Samuelsson, V. F. Maisi, and P. P. Potts, Phys. Rev. B 101 (2020)
165404.

[3] B. Annby-Andersson, F. Bakhshinezhad, D. Bhattacharyya, G. De Sousa, C. Jarzynski, P.
Samuelsson, P. P. Potts, Phys. Rev. Lett. 129 (2022) 050401.
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Scattering theory of thermal and thermoelectric diodes

Rafael Sánchez and José Balduque

Universidad Autónoma de Madrid, Francisco Tomás y Valiente 7, 28059 Madrid, Spain

Modern electronic devices are currently operated at the nanoscale regime, where overheat-
ing becomes a problem. Controlling the undesired heat flows in a useful manner is another
less explored way of improving its performance. For this, efficient thermal diodes need to be
designed [1]. Usual proposals rely in nonlinear scenarios [2]; here, we identify the minimal
conditions for a nanoscale device to rectify the heat and thermoelectric currents, even in the
linear regime. This is achieved for asymmetric coherent conductors that allow for some local
thermalization of the heat carriers. We quantify the amount of rectification achieved by this
mechanism in some proposed systems composed of resonant-tunneling quantum dots and com-
pare (and combine) it with the non-linear scenarios. Finally, we propose feasible experimental
realizations of this idea in an elastic conductor where the interplay between thermalization and
nonlinearities can be controlled via quantum interference [3].

[1] G. Benenti, G. Casati, C. Mejía-Monasterio and M. Peyrard, Springer International Pub-
lishing (Cham, Switzerland, 2016).

[2] B. Li, L. Wang and G. Casati, Phys. Rev. Lett., 93 (2004) 184301.
[3] J. Balduque, R. Sánchez, in preparation.
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Interacting laser-trapped circular Rydberg atoms

Yohann Machu, Andrés Durán Hernández, Gautier Creutzer, Aurore-Alice Young, Paul
Méhaignerie, Jean-Michel Raimond, Michel Brune, and Clément Sayrin

Laboratoire Kastler Brossel, Collège de France, CNRS, ENS-Univeristé PSL, Sorbonne
Université, 11 place Marcelin Berthelot, 75005 Paris, France

Circular Rydberg atoms, namely Rydberg atoms with maximal orbital momentum, have long
natural lifetimes, typically 100 times longer than their low-momentum counterparts. This
makes them well suited to the quantum simulation of the dynamics of interacting quantum
systems. Our experimental setup allows us to laser trap individual circular Rydberg atoms in
an array of hollow optical tweezers, or bottle optical beams [1].

In this talk, I will report on our recent experimental activities that demonstrate the dipole-
dipole interaction between two circular Rydberg atoms [2]. We characterize this interaction
through microwave spectroscopy and observe the coupling between spin and motional degrees
of freedom that it can induce. I will also show how we use the dipole-dipole interaction to
locally detect and manipulate circular Rydberg atoms in the array.

[1] B. Ravon et al, Phys. Rev. Lett. 131, 093401 (2023)
[2] P. Méhaignerie et al, in preparation
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Equivalence of Hamiltonians in Atom Optics

Wolfgang Schleich

Institut für Quantenphysik, Universität Ulm, Albert Einstein Allee 11, D-89081 Ulm, Germany

The linearity of quantummechanics and the resulting Hilbert structure of quantum space allows
an amazing freedom in choosing an appropriate representation to describe a given quantum
phenomena. Position, momentum or energy Eigenstates conserve and equivalent spaces to
obtain a prediction for an observable. Although, the details of this analysis may be different
in the individual representations, the final expressions for the probability for a measurement
outcome are, of course, identical.

In the present talk, we [1] show that this freedom is not restricted to the choice of represen-
tations but also extends to the very heart of quantum dynamics, that is to setting up the appropri-
ate Hamiltonian. In particular, we demonstrate this frame dependence of quantum phenomena
using the example of the phrase difference between two atom waves in the Kasevich-Chu in-
terferometer. We show that this quantity arises from different terms in the Hamiltonian. A
crucial role in this analysis is played by the canonical momentum whereas in classical physics
it cannot be observed, all of quantummechanics rest on it. In this talk we emphasise this crucial
difference.

[1] M. Zimmerman, M. A. Efremov, F. A. Narducci and W. P. Schleich, Equivalence of Hamil-
tonians in Atom Optics, Memorial Issue for Jonathan Patrick Dowling AVS Quantum, to
be published.
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Quantum geometry and semiclassical dynamics in inhomogeneous fields

Chen Xu1,2, Andreas Haller1, Suraj Hegde2, Tobias Meng2, and Thomas L Schmidt1

1Department of Physics and Materials Science, University of Luxembourg, Luxembourg
2Faculty of Physics, TU Dresden, Germany

We revisit the problem of nonequilibrium semiclassical electron transport in the presence of
inhomogeneous external perturbations. For this purpose, we study the quantum geometry of a
Bloch band structure beyond the Berry connection contribution. We provide a systematic way
of computing the geometric corrections to the semiclassical equations of motion in anN -band
system, and extend the notions of Berry phase and quantum geometric tensor to higher orders
in the inhomogeneity of the perturbation. We also demonstrate how to derive the dynamics
from a generic coupling between Bloch momentum and an inhomogeneous external field, thus
generalizing previous studies.
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NMR: From Molecules to Spectra

Peter Schmitteckert

HQS Quantum Simulations, Rintheimerstr. 23, 76131 Karlsruhe, Germany

Nuclear Magnetic Resonance (NMR) is one of the most important tools for the structure anal-
ysis of molecules and a widely used technique in chemical and pharmaceutical industry. Here
I present our approach to calculate NMR spectra starting from the SMILES description or just
the name of the molecule. To this end we first determine the 3D structure of the molecule from
which we obtain the NMR spin Hamiltonian. Finally we calculate the NMR Spectra from the
spin-spin correlation functions.

One of the main challenges in NMR simulations consists in the large variation of energy
scales involved. Typically high field proton NMR are performed at frequencies of the order of
700MHz, pulse duration are of the order of 10µs with a band width of a few kHz, while the
measured spectra have sub Hz resolution. Since the energy scales of the effective spin Hamil-
tonian correspond to sub Kelvin temperature and measurements are done at room temperature
simulations are in the infinite temperature regime, limiting the number of spins that can be
treated in a full diagonalization on standard desktop machines to 20 spins. We discuss the ap-
plication of symmetries and clustering to achieve these calculations and various approximation
schemes to extend the simulations to large systems. Finally I discuss the calculation of NMR
spectra on quantum computer and show results obtained on quantum hardware.
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Entanglement in Unruh and Hawking radiation from a quantum optical
perspective

Marlan O. Scully

Texas A&M University, College Station, TX; Princeton University, Princeton, NJ; USA

Free quantum field theory in flat space-time is often believed to be well established, holding no
surprises. However, in recent work we show that a uniformly accelerated atom in Minkowski
space-time emits entangled photon pairs into a squeezed state which mimics entanglement
betweenMinkowski modes which are dominantly in opposite causal wedges of the space-time.
Similar emission of photon pairs occurs if an atom is held above the black hole event horizon.
Namely, a ground-state atom becomes excited by emitting a “negative”-energy photon under
the horizon and then spontaneously decaying back to the ground state by emitting a positive-
energy photon outside the horizon, which propagates away from the black hole.

[1] M. Scully, A. Svidzinsky, and W. Unruh, Phys. Rev. Res. 4 (2022) 033010.
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Stochastic thermodynamics: From concepts to model-free inference

Udo Seifert

University Stuttgart, Pfaffenwaldring 57, 70550 Stuttgart, Germany

Stochastic thermodynamics provides a universal framework for analyzing nano- and micro-
sized non-equilibrium systems. Prominent examples are single molecules, molecular ma-
chines, colloidal particles in time-dependent laser traps and biochemical networks. Thermody-
namic notions likework, heat and entropy can be identified on the level of individual fluctuating
trajectories. They obey universal relations like the fluctuation theorem.

Thermodynamic inference as a general strategy uses consistency constraints derived from
stochastic thermodynamics to infer otherwise hidden properties of non-equilibrium systems.
As a paradigm for thermodynamic inference, the thermodynamic uncertainty relation discov-
ered in 2015 provides a lower bound on the entropy production through measurements of the
dispersion of any current in the system [1]. Likewise, it quantifies the cost of temporal precision
for biomolecular processes and provides a model-free bound on the thermodynamic efficiency
of molecular motors andmicroscopic heat engines. Generalizations allow us to apply it to time-
dependently driven systems like the unfolding of proteins under mechanical force [2]. Waiting
time distributions between observable events yield even better bounds on entropy production
and the topology and driving affinity of the underlying network [3,4].

[1] A. C. Barato and U. Seifert, PRL 114, 158101, 2015
[2] T. Koyuk and U. Seifert, PRL 125, 260604, 2020
[3] J. van der Meer, B. Ertel, and U. Seifert, PRX 12, 031025, 2022
[4] J. van der Meer, J. Degünther, and U. Seifert, PRL 130, 257101, 2023
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Measuring stochastic thermodynamics in mesoscopic systems using a
quantum work agent

Cheolhee Han1, Doron Cohen2, and Eran Sela1

1Tel Aviv University, 24 Dr. George Wise St., Kiryat HaUniversita, Ramat Aviv P.O. Box
39040, Tel Aviv, Israel

2Ben Gurion University, Negev, Israel

Non-equilibrium fluctuation theorems (NFTs) relate work performed on a system as its Hamil-
tonian varies with time, to equilibrium data of the initial and final states. In a classical context
the system energy can be directly measured, while a quantum implementation requires the in-
corporation of a work-agent. We demonstrate that the uncertainty principle imposes inherent
quantum limitation on the applicability of the NFT for probing non-trivial mesoscopic systems.
We work out the NFT validity regime for the simplest quantum-dot toy model, and discuss fu-
ture applications.
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On Observer-Dependent Description of Quantum State on Identical
Particles

Yutaka Shikano

Institute of Systems and Information Engineering, University of Tsukuba, Tsukuba, Ibaraki
305-8573, Japan

Center for Artificial Intelligence Research (C-AIR), University of Tsukuba, Tsukuba, Ibaraki
305-8577, Japan

Institute for Quantum Studies, Chapman University, Orange, CA 92866, USA

The setup of the Einstein-Podolsky-Rosen (EPR) paradox leads to provide the observer-depedent
description of the quantum state from quantum information perspectives. While this problem is
based on the single-particle system, the problem can be extended to the many identical particle
system. We provide the experimental proposal to clarify the quantum state description to the
identical particle. This experimental proposal is used in the three-particles Aharonov Bohm
effect.
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New view on the quantum Hall phase diagram of bilayer graphene

Udit Khanna1, Ke Huang2, Ganpathy Murthy3, Herbert Abraham Fertig4, Kenji Watanabe5,
Takashi Taniguchi6, Jun Zhu2, and Efrat Shimshoni1

1Dept. of Physics, Bar-Ilan University, Bar-Ilan University campus, Ramat Gan 52900, Israel
2Department of Physics, The Pennsylvania State University, University Park, Pennsylvania
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3Department of Physics and Astronomy, University of Kentucky, Lexington, Kentucky 40506,

USA
4Department of Physics, Indiana University, Bloomington, Indiana 47405, USA

5Research Center for Functional Materials, National Institute for Materials Science, 1-1
Namiki, Tsukuba 305-0044, Japan

6International Center for Materials Nanoarchitectonics, National Institute for Materials
Science, 1-1 Namiki, Tsukuba 305-0044, Japan

Bilayer graphene exhibits a rich phase diagram in the quantum Hall (QH) regime, arising from
the interplay of the spin, valley, and orbital degrees of freedom. In particular, at very high
magnetic fields, a perpendicular electric field (D) drives transitions between valley-unpolarized
and valley-polarized states in several QH phases. In this study [1] we explore the behavior of
these transitions as the magnetic field B is reduced, focusing on the phases in the filling-factor
range 1< u<2. We find that as B is lowered, the variation of the critical electric field (D*) with
filling factor exhibits a puzzling change of trend, from increasing to decreasing; near u=2,
D* may even vanish if B is sufficiently small. We present a theoretical model for the lattice-
scale interactions which correctly accounts for these surprising observations; contrary to earlier
studies, it involves finite-ranged terms comprising both repulsive and attractive components.
Furthermore, we (theoretically) analyze the nature of the u=2 state as a function of B and D, and
find that a valley-coherent phasemay emerge in theDD* regime. This suggests the existence of
a Kekule bond-ordered phase at low magnetic fields, similarly to the phases recently observed
in the u=0 phase through STM measurements.

[1] Udit Khanna, KeHuang, GanpathyMurthy, H.A. Fertig, KenjiWatanabe, Takashi Taniguchi,
Jun Zhu and Efrat Shimshoni, Phys. Rev. B108 (2023) L041107.
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Quantum Simulation of Markovian Open Quantum Systems

Ian Joel David1, Ilya Sinayskiy1,2, and Francesco Petruccione1,2,3
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2National Institute for Theoretical and Computational Sciences (NITheCS), Stellenbosch,

South Africa
3School of Data Science and Computational Thinking, Department of Physics, Stellenbosch

University, Stellenbosch 7604, South Africa

A simulation of quantum systems is one of the most exciting use cases for quantum computers.
The simulation of closed quantum systems, or Hamiltonian simulation, has been explored in
recent years. Novel methods have been developed, improving the widely used and well-known
Suzuki Lie Trotter product formulas. However, in many practical situations, one must consider
unavoidable interaction with the thermal environment. The success of quantum computers in
simulating physical systems has led to the development of quantum algorithms to simulate
open quantum systems in the fault-tolerant setting. However, these algorithms are limited to
the Suzuki Lie Trotter product formulas of the first and second order. In this talk, I will give an
overview of the quantum simulation of open quantum systems and focus on our recent work
of reducing the gate complexity in the simulation of an open quantum system by using two
methods that rely on randomisation.
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Non-linear excitations and low-energy effective theories of spinor gases
far from equilibrium

Ido Siovitz, Yannick Deller, Alexander Schmutz, Helmut Strobel, Markus K. Oberthaler, and
Thomas Gasenzer

Kirchhoff Institute for Physics, University of Heidelberg, Im Neuenheimer Feld 227, 69120,
Heidelberg, Germany

A system driven far from equilibrium via a parameter quench can show universal dynamics,
characterized by self-similar spatio-temporal scaling, associated with the approach to a non-
thermal fixed point. Non-linear excitations such as solitons or vortices play a key role in the
time evolution of such systems. Here we present a derived low-energy effective theory for an
ultracold spin-1 gas, in addition to outlining the range of non-linear phenomena within this
framework that impact the scaling behavior of the spinor gas. We also showcase experimental
measurements of such excitations and discuss the real-time confinement dynamics of these
excitations.
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Simultaneous symmetry breaking in spontaneous Floquet states:
Floquet-Nambu-Goldstone modes, Floquet thermodynamics, and the

time operator

Fernando Sols and Juan Ramón Muñoz de Nova

Universidad Complutense de Madrid, Plaza de las Ciencias 1, E-28040 Madrid, Spain

We study simultaneous symmetry-breaking in a spontaneous Floquet state, focusing on the spe-
cific case of an atomic condensate. We first describe the quantization of the Nambu-Goldstone
(NG) modes for a stationary state simultaneously breaking several symmetries of the Hamilto-
nian by invoking the generalized Gibbs ensemble, which enables a thermodynamical descrip-
tion of the problem. The quantization procedure involves a Berry-Gibbs connection, which
depends on the macroscopic conserved charges associated to each broken symmetry and whose
curvature is not invariant under generalized gauge transformations. We extend the formalism
to Floquet states simultaneously breaking several symmetries, where Goldstone theorem trans-
lates into the emergence of Floquet-Nambu-Goldstone (FNG) modes with zero quasi-energy.
In the case of a spontaneous Floquet state, there is a genuine temporal FNG mode arising from
the continuous time-translation symmetry breaking, whose quantum amplitude provides a rare
realization of a time operator in Quantum Mechanics. Furthermore, since they conserve en-
ergy, spontaneous Floquet states can be shown to possess a conserved Floquet charge. Both the
temporal FNG mode and the Floquet charge are distinctive features of a spontaneous Floquet
state, absent in conventional, driven systems. Nevertheless, these also admit a thermodynamic
description in terms of the Floquet enthalpy, the Legendre transform of the energy with respect
to the Floquet charge. We apply our formalism to a particular realization of spontaneous Flo-
quet state, the CES state, which breaks U(1) and time-translation symmetries, representing a
time supersolid. Using the Truncated Wigner method, we numerically compute its quantum
fluctuations, which are theoretically predicted to be dominated by the temporal FNG mode at
long times, observing a remarkable agreement between simulation and theory. Based on these
results, we propose a feasible experimental scheme to observe the temporal FNG mode of the
CES state.
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Higgs-like pair amplitude dynamics in superconductor-quantum dot
hybrids

Björn Sothmann

University Duisburg-Essen, Lotharstr. 1, 47048 Duisburg, Germany

The order parameter of a bulk superconductor is a dynamic quantity that can exhibit collective
excitations such as the Nambu-Goldstone mode and the Higgs mode. The former is an excita-
tion of the superconducting phase which is shifted to the plasma frequency by the Anderson-
Higgsmechanism. The latter is amassive excitation of the absolute value of the order parameter
with an excitation energy equal to the superconducting gap. The experimental detection of the
Higgs mode is challenging as it couples only quadratically to light and its energy is typically
in the Terahertz regime.

Here, we consider an analogue of the Higgs dynamics in bulk superconductors. To this
end, we study a single-level quantum dot tunnel-coupled to superconducting reservoirs. We
analyze the dynamics of the pair amplitude induced on the quantum dot via the proximity
effect. We focus on two different parameter regimes, namely the case of weak-tunnel coupling
to superconductors with a finite gap [1] and the case of strong coupling in the infinite-gap limit
[2]. We find that the pair amplitude exhibits a rich dynamics including coherent oscillations
due to Cooper pair tunneling and exponential decay due to quasiparticle processes.

[1] M. Kamp and B. Sothmann, Phys. Rev. B 103, 045414 (2021).
[2] M. Heckschen and B. Sothmann, Phys. Rev. B 105, 045420 (2022).
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Physical processes controlling biological neural networks
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Czech Republic

The intensive experimental and theoretical research into the nerve signalling, which lasts for
more than two hundred and thirty years, has provided many valuable pieces of knowledge but
no definite, really satisfying solution. Such an unfavorable state is due to the extraordinary
complexity of this phenomenon and enormous technical difficulties encountered by experi-
ments. At present, there are two main competing models of signal transfer in neuron networks:
Hodgkin-Huxley electric theory and Heimburg’s thermomechanical, soliton theory. Since the
major premises of both these approaches are mostly different, their reconciliation is not prob-
able. The talk will first briefly overview our efforts in improvement of our understanding of
physical processes, which control information transfer and processing in biological neural net-
works. We then introduce a scenario of the signal transmission in nerves, intentionally based
only on well turned-out physically transparent arguments. We hope it will be useful for the
efforts aiming to the improvement of the present models.

[1] J. J.Mareš, P. Hubík, V. Špička: Diffusive propagation of nervous signals and their quantum
control. Eur. Phys. J. Spec. Top. 227 (2019) 2329–2347.

[2] J. J. Mareš, V. Špička, P. Hubík: Possible role of extracellular tissue in biological neural
networks. Eur. Phys. J. Spec. Top. 230 (2021) 1089–1098.

[3] J. J. Mareš, V. Špička, P. Hubík: On physical processes controlling biological neural net-
works. Eur. Phys. J. Spec. Top. 232 (2023) 3561-3576.
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Effective mass approach to memory in non-Markovian systems

Mateusz Wiśniewski, Jerzy Łuczka, and Jakub Spiechowicz

University of Silesia, Institute of Physics, 75 Pulku Piechoty 1, Chorzow, PL-41500, Poland

Recent pioneering experiments on non-Markovian dynamics done e.g. for active matter have
demonstrated that our theoretical understanding of this challenging yet hot topic is rather in-
complete and there is a wealth of phenomena still awaiting discovery. It is related to the fact
that typically for simplification the Markovian approximation is employed and as a conse-
quence the memory is neglected. Therefore methods allowing to study memory effects are
extremely valuable. We demonstrate that a non-Markovian system described by the General-
ized Langevin Equation (GLE) for a Brownian particle of mass M can be approximated by the
memoryless Langevin equation in which the memory effects are correctly reproduced solely
via the effective mass M* of the Brownian particle which is determined only by the form of
the memory kernel. Our work lays the foundation for an impactful approach which allows to
readily study memory-related corrections to Markovian dynamics.

[1] M. Wiśniewski, J, Łuczka, J. Spiechowicz, Effective mass approach to memory in Non-
Markovian systems, Phys. Rev. E 109, 044116 (2024)
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Stability in multiscale oscillatory systems away from equilibrium

Aneta Stefanovska

Department of Physics, Lancaster University, Lancaster, United Kingdom

Oscillatory dynamics pervades the universe, appearing in systems on all scales. It can be stud-
ied within the frameworks of either autonomous or non-autonomous dynamics. Autonomous
dynamical systems serve as mathematical models for the time-evolution of the states of iso-
lated physical systems, whereas non-autonomous dynamics describes open systems subjected
to external driving with time-varying parameters (1). While autonomous dynamics can be
studied within the long-time asymptotic framework, including asymptotic stability, we will
argue that this framework can be inadequate or unsuitable when investigating open systems
and studying the parameter-dependence of their stability. We will provide a new framework
for non-autonomous oscillatory dynamics, within which we can define intermittent phenomena
such as intermittent phase synchronisation, evaluated as the stability of phase interactions (2).
We will demonstrate this framework with a coupled pair of non-autonomous phase oscillators
as well as a higher-dimensional system comprised of two interacting phase-oscillator networks.
Counterintuitively, non-autonomous external perturbation increases the stability of perturbed
oscillatory systems.

The second part of the talk will address the question how to analyse effectively time se-
ries measured from open oscillatory systems operating on multiple timescales and away from
equilibrium. We will review methods that enable explicit tracking of time-localised dynamical
behaviour, as opposed to the traditional framework for dynamics analysis focused on time-
independent dynamical systems and based on long-term statistics (3). We will show that time-
dependent oscillatory systems with only a small number of contributions may appear noise-like
when analysed according to the traditional framework using power spectral density estimation.
However, methods characteristic of the time-dependent finite-time-dynamics framework, such
as the wavelet transform, wavelet bispectrum, or wavelet phase coherence can identify the un-
derlying determinism and provide crucial information about the analysed system (3,4). We will
present several examples from physical and living systems, including the ageing brain.

[1] J M L Newman, M Lucas, A Stefanovska, in Physics of Biological Oscillators, A Ste-
fanovska, P V E McClintock (Eds), Springer, Chap 7, 111-129, 2021.

[2] J Newman, J P Scott, J Rowland Adams, A Stefanovska, Physica D 461: 134108, 2024.
[3] J Rowland Adams, J Newman, A Stefanovska, Eur. Phys. J. Spec. Top., 232: 3435–3457,

2023.
[4] S J K Barnes, J. Bjerkan, P T Clemson, J. Newman, and A. Stefanovska, Chaos 34, 2024.
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The return of the Anyons - news from the fractional quantum Hall effect

Ady Stern

Weizmann Institute of Science, Herzl str., Rehovot, Israel

The fractional quantum Hall effect, first observed some four decades ago, is believed to be a
system where Anyons - particles of fractional charges and fractional quantum statistics - exist.
In the last year, several important developments have brought the physics of Anyons back into
the limelight. In particular, Anyons were shown to be quantum particles that can interfere as
waves, and their traditional “alma mater”, the fractional quantum Hall effect, has been shown
to exist without the application of any magnetic field.

I will review some of these developments and the theory behind them, making minimal
assumptions of prior knowledge.

154



Fri, 26 July, 13:30 - 14:00, 3 session T126

Entropy augmentation through subadditive excess: a sane introduction
of irreversibility into micro-dynamics

Jürgen T. Stockburger
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Ulm, Germany

For irreversible thermodynamic processes there is a disparity between the increase of ther-
modynamic entropy and the conservation of Shannon-von Neumann entropy in the micro-
scopic dynamics. The higher value of thermodynamic entropy reflects the fact that thermo-
dynamic variables are insufficient probes for microscopic information. Instead of either defin-
ing macrostates as regions in phase space or imposing an increase of Shannon-von Neumann
entropy by coarse-graining, a third approach is developed. Information theory, in particular
the consideration of mutual information, is used to define an alternative approach leading to
increasing entropy and equilibration. The salient point can already be found (in nuce) in the
Boltzmann equation, when it is viewed through the lens of information theory rather than scat-
tering theory. Applying information theoretic tools not only to states, but to processes, an
entire class of Boltzmann-inspired effective dynamics is constructed from arbitrary (quantum
or classical) Liouville equations under the principle of entropy augmentation through subad-
ditive excess (EASE). The resulting equations display both entropy production and relaxation
towards thermal stationary states like the Boltzmann equation. While still microscopic, the
solution of these equations is within the reach of current numerical methods.
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Charge-conserving equilibration of quantum Hall edge states
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We address the experimentally relevant situation, where a non-equilibrium state is created at
the edge of a quantum Hall system by injecting charge current into a chiral edge state with the
help of a quantum point contact, quantum dots, or mesoscopic Ohmic contact. We show that the
commonly accepted picture of the full equilibration of a non-equilibrium state at finite distances
longer than a characteristic length scale contradicts to the charge conservation requirement. We
use a phenomenological transmission line model to account for the local equilibration process
and the charge and energy conserving dynamics of the collective mode. By solving this model
in the limit of long distances L from the injection point, we demonstrate that the correction
of the electron distribution function to its eventual equilibrium form scales down slowly as
1/
√
L.
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Experimental demonstration of an atomic-scale heat pump

Oren Tal
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At the limit of electronic conductor miniaturization, quantum phenomena can open the door
for attractive heat-pumping schemes. I will discuss our recent demonstration of an all-metal
atomic-scale heat pump. In this system, the combination of a many-body effect and quantum
interference yields significant Peltier cooling. We find a Seeback coefficient that is higher by
two orders of magnitude than detected in any other metallic system. The prepared atomic-
scale heat pump can serve as an experimental platform for studying thermal management in a
many-body system, with heat pumping that is significant enough for future applications.
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The transfer of excitation energy in biomolecular complexes is inherently mediated by quantum
delocalization. It is an interesting question to what extent does quantum coherence play a role
in the transfer dynamics. I will discuss under what conditions such natural systems could show
dynamic quantum coherent effects beyond the trivial quantum delocalization. In recent joint
experimental and theoretical studies [1-3], we have investigated the quantum exciton dynamics
in the Fenna-Matthews-Olson (FMO) complex and the Photosystem II Reaction Center (PSI-
IRC) by two-dimensional electronic spectroscopy in a large range of temperatures down to 20
K. Our experimental results reveal electronic coherence to occur on a time scale as long as 500
fs at 20 Kelvin for the case of FMO [2] and of about 200 fs for PSIIRC at 20 Kelvin [1]. They
complete earlier results obtained under ambient conditions where we have found that at room
temperature, electronic coherence fades out within 60 fs [3]. Yet, the new low-temperature data
allow us to capture evidence of quantum coherence at ultralow temperature and to clearly dis-
entangle electronic and vibrational dynamic coherence. The observed long-lived oscillations
are due to Raman vibrational modes on the electronic ground state.

[1] A. Jha, P.-P. Zhang, V. Tiwari, L. Chen, M. Thorwart, R.J.D. Miller, and H.-G. Duan,
Unraveling Quantum Coherences Mediating Primary Charge Transfer Processes in Photo-
system II Reaction Center, Science Adv. 10 (2024) eadk1312.

[2] Hong-Guang Duan, Ajay Jha, Lipeng Chen, Vandana Tiwari, Richard J. Cogdell, Khuram
Ashraf, Valentyn I. Prokhorenko, Michael Thorwart, and R. J. Dwayne Miller, Quantum
Coherent Energy Transport in the Fenna-Matthews-Olson Complex at Low Temperature,
Proc. Natl. Acad. Sci. 119 (2022) e2212630119.

[3] Hong-Guang Duan, Valentyn I. Prokhorenko, Richard Cogdell, Khuram Ashraf, Amy L.
Stevens, Michael Thorwart, and R. J. Dwayne Miller, Nature does not rely on long-lived
electronic quantum coherence for photosynthetic energy transfer, Proc. Natl. Acad. Sci.
114 (2017) 8493.
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Quantum transport and thermodynamics using the hierarchical
equations of motion method

Michael Thoss

University of Freiburg, Hermann-Herder-Strasse 3, 79104 Freiburg, Germany

The hierarchical equations of motion (HEOM) formalism is an accurate and efficient approach
to simulate the dynamics of open quantum systems [1]. Formulated as a density matrix scheme,
it generalizes perturbative quantum master equation methods by including higher-order con-
tributions as well as non-Markovian memory and allows for the systematic convergence of
the results. In this talk, applications of the HEOM method are discussed to quantum transport
in nanostructures as well as to quantum thermodynamics. This includes the study of charge
transport in driven quantum systems with electron-phonon interaction [2]. Furthermore, the
principle of minimal dissipation is employed to investigate thermodynamic properties such as
work, heat, and entropy production in open quantum systems [3]. In particular, the case of
strong system-environment coupling is considered.

[1] Y. Tanimura, J. Chem. Phys. 153, 020901 (2020); J. Bätge, Y. Ke, C. Kaspar, and M.
Thoss, Phys. Rev. B 103, 235413 (2021); Y. Ke, R. Borrelli, M. Thoss, J. Chem. Phys.
156, 194102 (2022).

[2] J. Bätge, Y. Wang, A. Levy, W. Dou, M. Thoss, Phys. Rev. B 108, 195412 (2023); Phys.
Rev. B 106, 075319 (2022).

[3] A. Colla and H.-P. Breuer, Phys. Rev. A 105, 052216 (2022).
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Fundamental Physics with atomic Hydrogen
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Discrepancies between theory and experiments have been fueling the development of physics.
Today, Quantum Electrodynamics (QED) is the most accurate theory and served as a blueprint
for all subsequent field theories. Physics beyond the Standard Model must exist as we know
from observations of the cosmos. It is likely to be found where no one has looked before, i.e., at
very large energies, high sensitivity, or high precision. To progress with the so-called precision
frontier, high resolution spectroscopy of atomic hydrogen and hydrogen-like systems continues
to play a decisive role because their simplicity. Testing QED means to verify the consistency
of parameters that enter this theory. Values for these parameters are extracted from as many
different measurements as possible.

The sharpest metrologically relevant line in atomic hydrogen is due to the 1S-2S transition.
Since there is no 1P state, the 2S state can neither decay nor be excited with a single photon
dipole transition, at least not in a field-free environment. Therefore the lifetime of the 2S state
is very long leading to natural line width of only 1.3Hz. The 1S-2S transition frequency has
been measured with almost 15 digits accuracy using an optical frequency comb and a cesium
atomic clock as a reference [1].

However, the largest leverage for the determination of the parameters, the Rydberg con-
stant and the proton charge radius, is currently due to the 1S-3S transition frequency that we
are investigating in our lab [2]. With another experimental setup we are conducting a series of
measurements between the metastable 2S and nP states [3]. To go further we are developing a
method to trap atomic hydrogen in an optical dipole trap that operates at the magic wavelength.
The proposed scheme avoids a cooling laser and will not be more complex than existing op-
tical lattice clocks. Besides of improving the measured transition frequencies, trapped atomic
hydrogen could eventually be the motivation to redefine the SI second in terms of the Rydberg
constant. This would remove the last remaining object in the definitions of the SI which is
otherwise based defined values of physical constants (c, h and e).

[1] C.G. Parthey et al., Phys. Rev. Lett. 107, 203001 (2011).
[2] A. Grinin et al., Science 370, 1061 (2020).
[3] A. Beyer et al., Science 358, 79 (2017).
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Spin states at the edges of a finite p-orbital helical atomic chain attached
to a ferromagnetic substrate

Yasuhiro Utsumi1, Takemitsu Kato1, Ora Entin-Wohlman2, and Amnon Aharony2

1Mie University, 1577, Kurimamachiya-cho, Tsu, 514-8507, Japan
2Tel Aviv University, Tel Aviv 6997801, Israel

The chiral-induced spin selectivity (CISS) effect is the phenomenon in which a chiral molecule
acts as a spin filter, selecting a specific spin orientation depending on its chirality. Over the
last two decades, the CISS phenomenon has been observed in various chiral molecules and
has attracted considerable attention due to its significant effect, even at room temperature,
despite chiral molecules not containing magnetic atoms [1]. While numerous theoretical pro-
posals have been made, a comprehensive understanding has not yet been established. We have
analyzed the CISS phenomenon based on a p-orbital helical atomic chain with intra-atomic
spin-orbit interaction (SOI), which serves as a toy model of helical molecules such as DNA
[2-3]. Here, we apply this model to explain an enantioselective experiment [4], which demon-
strated that molecules with specific chirality preferentially adsorb onto a magnetic substrate
with a particular orientation of magnetization.

In the case of an infinite chain, our model supports a spin-filtering state where two up spins
propagate in one direction while two down spins propagate in the opposite direction without
breaking time-reversal symmetry (TRS). For a finite chain, the presence of evanescent states
induces an enhancement of chargemodulations concentrated at the edges, although spin density
is absent due to the preservation of TRS [2]. A Zeeman field applied at the edge of the atomic
chain, mimicking the effect of a magnetic substrate, breaks theTRS and induces a finite spin
polarization. The direction of this polarization depends on the chirality of the molecule. The
change in chirality leads to a reasonable amount of energy difference, offering insight into the
enantioselective adsorption of chiral molecules on a ferromagnetic surface [2].

[1] F. Evers, et al., Adv. Mater. 2106629 (2022).
[2] Takemitsu Kato, Yasuhiro Utsumi, Ora Entin-Wohlman, Amnon Aharony; J. Chem. Phys.

159, 244101 (2023); YasuhiroUtsumi, TakemitsuKato, Ora Entin-Wohlman, AmnonAharony;
Isr. J. Chem. 62, e202200107 (2022).

[3] Y Utsumi, O Entin-Wohlman, A Aharony, Physical Review B 102 (3), 035445 (2020).
[4] Banerjee-Ghosh, et al., Science 360, 1331–1334 (2018).

161



Mon, 22 July, 10:40 - 11:10, 2 session T133

Spontaneous unitarity violation as a model for quantum state reduction

Aritro Mukherjee, Lotte Mertens, and Jasper van Wezel

University of Amsterdam, Science Park 904, Amsterdam, Netherlands

The impossibility of describing measurement in quantum mechanics while using a quantum
mechanical model for the measurement machine, remains one of its central problems. Ob-
jective collapse theories propose a solution to this problem by predicting deviations from
Schrödinger’s equation that can be tested experimentally. A class of objective theories based
on spontaneous unitarity violation was recently introduced, which complements existing pro-
posals based on stochastic modifications of Schrödinger’s equation, but also differs from them
in several aspects. Here, we contrast the stochastic dynamics encountered in both types of
models, and highlight the unique features of spontaneous unitarity violation as well as their
implications.

In particular, we will show that the physical requirements of the stochastic field being in-
dependent of the state to be measured and having non-vanishing correlations time, imply a
unique form for the measurement dynamics of an isolated two-level system. Building on this
minimal example, we show that the dynamics has a natural extension to systems with an ar-
bitrary number of basis states, that it reduces to a purely dephasing Lindblad equation (and
hence is explicitly norm-preserving and non-signalling) in the limit of vanishing correlation
time, and that Born’s rule emerges in the limit of macroscopic measurement machines, with-
out the stochastic field depending in any way on the state being measured. For each of these
results we will contrast their implementation and implications with other types of modified
Schrödinger dynamics. We will conclude with a discussion of accessible signatures distinctive
for spontaneous unitarity violation in experimental tests of quantum state reduction.
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Emergence of Constructor-Based Irreversibility in Quantum Systems

Vlatko Vedral

University of Oxford, Clarendon Laboratory, University of Oxford, Parks Road, Oxford,
United Kingdom

How irreversibility arises in a universe with time-reversal symmetric laws is a central problem
in physics. In this talk, we discuss a radically different take on the emergence of irreversibility,
adopting the recently proposed constructor theory framework. Irreversibility is expressed as
the requirement that a task is possible, while its inverse is not. We prove the compatibility of
such irreversibility with quantum theory’s time-reversal symmetric laws, using a dynamical
model based on the universal quantum homogenizer.
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Critical Behavior and Collective Modes at the Superfluid Transition in
Amorphous Systems

Thomas Vojta1, Martin Puschmann1, Pulloor Kuttanikkad Vishnu2, and Rajesh Narayanan2

1Department of Physics, Missouri University of Science and Technology, Rolla, MO 65409,
USA

2Department of Physics, Indian Institute of Technology Madras, Chennai 600036, India.

We investigate the critical behavior and the dynamics of the amplitude (Higgs) mode close
to the superfluid-insulator quantum phase transition in an amorphous system (i.e., a system
subject to topological randomness). In particular, we map the two-dimensional Bose-Hubbard
Hamiltonian defined on a random Voronoi-Delaunay lattice onto a (2+1)-dimensional layered
classical XY model with correlated topological disorder. We study the resulting model by
laying recourse to classical Monte Carlo simulations. We specifically focus on the scalar sus-
ceptibility of the order parameter to study the dynamics of the amplitude mode. To do so, we
harness the maximum entropymethod to perform the analytic continuation of the scalar suscep-
tibility to real frequencies. Our analysis shows that the amplitude mode remains delocalized in
the presence of such topological disorder, quite at odds with its behavior in generic disordered
systems, where the randomness localizes the Higgs mode [1]. Furthermore, we show that the
critical behavior of the topologically disordered system is identical to that of its translationally
invariant counterpart, consistent with a modified Harris criterion [2]. This suggests that the lo-
calization of the collective excitations in the presence of disorder is tied to the critical behavior
of the quantum phase transition rather than a simple Anderson-localization-type interference
mechanism [3].

[1] M. Puschmann, J. Crewse, J.A. Hoyos and T. Vojta, Phys. Rev. Lett. 125 (2020) 027002
[2] H. Barghathi and T. Vojta, Phys. Rev. Lett. 113 (2014) 120602
[3] P.K. Vishnu, M. Puschmann, R. Narayanan, and T. Vojta, arXiv:2402.13757 (2024)
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A scalable quantum key distribution network based on time-bin
entanglement - reloaded

Maximilian Tippmann, Jakob Kaltwasser, Maximilian Mengler, and Thomas Walther

TU Darmstadt, Institute for Applied Physics, Schlossgartenstr. 7, Darmstadt, Germany

With the upcoming rise of quantum computers, most commonly used cryptography schemes
in day-to-day communications will in time turn insecure. One way to preserve security is the
development of quantum key distribution (QKD) and deployment of QKD-systems in large
networks. For that, robust and scalable systems are needed.

We contribute to that goal with the construction and extension of a star-shaped QKD net-
work utilizing the entanglement based BBM92 protocol. Adapting to the needs of a metropoli-
tan network, we followed a fiber-based approach and chose time and phase as the bases of
entanglement as opposed to polarization, which would be subject to varying birefringence in
the fibers, e.g. due to vibrations or thermal instabilities [1].

Here, we report on the progress in various aspects of our QKD network. Specifically, in this
contribution we address the scalability and cost of the system by simplifying the source setup,
reducing the number of necessary detectors per party by implementing detector time multi-
plexing (DTM) [2] and physically separating two parties completing a key exchange including
error correction.

[1] E. Fitzke, L. Bialowons, T. Dolejsky, M. Tippmann, O. Nikiforov, T. Walther, F. Wissel,
and M. Gunkel, PRX Quantum 3 (2022) 020341.

[2] J. Kaltwasser, J. Seip, E. Fitzke, M. Tippmann, and T. Walther, PRA 109 012618.
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Beyond the first law: Peculiarly quantum conservation laws in
thermodynamics

Nicole Yunger Halpern

National Institute of Standards and Technology, 100 Bureau Dr, Gaithersburg, MD 20899,
USA

Joint Center for Quantum Information and Computer Science (QuICS), University of
Maryland, 4254 Stadium Dr., Suite 3100 A, College Park, USA

Institute for Physical Science and Technology, University of Maryland, 4115 Atlantic
Building (Bldg #224), College Park, MD 20742, USA

Starting in undergraduate statistical physics, we study small systems that thermalize by ex-
changing quantities with large environments. Such thermalization helps define time’s arrow,
and the exchanged quantities–heat, particles, electric charge, etc.–are conserved globally. If
quantum, the quantities are represented by Hermitian operators. We often assume implicitly
that the operators commute with each other–for instance, in derivations of the thermal state’s
form. Yet operators’ ability to not commute underlies quantum phenomena such as uncertainty
principles. What happens if thermodynamic conserved quantities fail to commute with each
other? This question, mostly overlooked for decades, came to light recently at the intersec-
tion of quantum thermodynamics and information theory [1]. Noncommutation of conserved
thermodynamic quantities has been found to enhance entanglement [2], decrease entropy-
production rates, alter the eigenstate thermalization hypothesis [3], and more. This growing
subfield illustrates how 21st-century quantum information science is extending 19th-century
thermodynamics.

[1] Majidy, Braasch, Lasek, Upadhyaya, Kalev, and NYH, Nat. Rev. Phys. (2023).
https://www.nature.com/articles/s42254-023-00641-9

[2] Majidy, Lasek, Huse, and NYH, Phys. Rev. B 107 045102 (2023).
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.107.045102

[3] Murthy, Babakhani, Iniguez, Srednicki, and NYH, Phys. Rev. Lett. 130, 140402 (2023).
https://doi.org/10.1103/PhysRevLett.130.140402
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Generalized Pechukas-Yukawa formalism for quantum systems with
discrete energy spectra

Alexandre Zagoskin

Loughborough University, Epinal Way, Loughborough, United Kingdom

The success of a perturbation theory expansion is determined by the appropriate choice of the
zero-order approximation. The Pechukas-Yukawa formalism provides a promising alternative
approach to the description of perturbed quantum systems with discrete energy spectra. It im-
plicitly uses the matrix elements of the Hamiltonian in the basis of exact instantaneous eigen-
states rather than the eigenstates of the unperturbed Hamiltonian. In this formalism, the evolu-
tion of the energy spectrum due to the perturbation is reduced to the Hamiltonian dynamics of
a 1D classical gas of particles with cubic repulsion (a modified Calogero-Sutherland model).
We develop the kinetic theory of this gas (BBGKY chain of equations for the probability dis-
tribution functions), which serves as the basis for the equations for the density matrix of the
underlying quantum system. The approach provides a good basis for a perturbative treatment
of the evolution of the density matrix of a quantum system in the presence of a time-dependent
perturbation, and gives an insight into the evolution of large quantum systems.
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Quantum convolutional neural networks for the recognition of
many-body topological phases of matter

P. Zapletal1,2, L. Sander2, M. K. Hoffmann2, N. A. McMahon2, and M. J. Hartmann2

1Department of Physics, University of Basel, Basel, Switzerland
2Department of Physics, University of Erlangen-Nürnberg (FAU), Erlangen, Germany

Existing noisy intermediate-scale quantum computers can perform computations that are chal-
lenging for classical computers. However, quantum computing hardware and quantum algo-
rithms need to be further developed to enable the exploitation of quantum computers in areas
such as the simulation of many-body systems and machine learning. One of the major chal-
lenges in developing scalable quantum computers is characterizing the noisy quantum data
produced by near-term quantum hardware. With increasing system size, standard characteriza-
tion techniques using direct measurements and classical post-processing become prohibitively
demanding due to large measurement counts and computational efforts.

Directly processing quantum data on quantum processors can substantially reducemeasure-
ment costs. Quantum neural networks based on parametrized quantum circuits, measurements
and feed-forward can process large amounts of quantum data, to detect non-local quantum cor-
relations with reduced measurement and computational efforts [1]. Characterizing non-local
correlations is crucial in condensedmatter physics for classifying quantum phases of matter and
understanding new strongly correlated materials such as high-temperature superconductors.

A key requirement for employing quantum neural networks to characterize noisy quantum
data produced by near-term quantum hardware is tolerance to errors due to decoherence and
gate infidelities. In Ref. [2], we construct quantum convolutional neural networks (QCNNs)
capable of recognizing symmetry-protected topological phases of many-body Hamiltonians
in the presence of incoherent errors. These networks are designed to mimic renormalization-
group flow and quantum error correction. We realize the error-tolerant QCNNs on a 7-qubit
superconducting quantum processor [3]. The QCNNs reduce sample complexity exponentially
with system size compared to direct Pauli measurements.

In a follow-up project, we generalize the QCNNs to detect intrinsic topological order in
two-dimensional systems. Furthermore, we demonstrate that QCNNs can autonomously iden-
tify characteristics of topological phases via unsupervised learning.

[1] I. Cong, S. Choi, and M. D. Lukin, Nat. Phys. 15 (2019) 1273.
[2] P. Zapletal, N. A. McMahon, and M. J. Hartmann, arXiv:2307.03711 (2023).
[3] J. Herrmann et al., Nat. Commun. 13 (2022) 4144.
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Loss-induced quantum information jet in an infinite temperature
Hubbard chain

Gergely Zaránd1,2, Patrik Penc1,2,4, Pascu Moca1,2,4, Örs Legeza3,5, Tomaz Prosen6,7, and
Miklós Werner3

1Department of Theoretical Physics, Institute of Physics, Budapest University of Technology
and Economics, Muegyetem rkp. 3., H-1111 Budapest, Hungary

2HUN-REN—BME Quantum Dynamics and Correlations Research Group, Budapest
University of Technology and Economics, Muegyetem rkp. 3., H-1111 Budapest, Hungary
3Strongly Correlated Systems ’Lendulet’ Research Group, HUN-REN Wigner Research

Centre for Physics, P.O. Box 49, 1525 Budapest, Hungary
4Department of Physics, University of Oradea, 410087, Oradea, Romania

5Institute for Advanced Study,Technical University of Munich, Germany, Lichtenbergstrasse
2a, 85748 Garching, Germany

6Department of Physics, Faculty of Mathematics and Physics, University of Ljubljana,
Jadranska 19, SI-1000 Ljubljana, Slovenia

7Institute for Mathematics, Physics, and Mechanics, Jadranska 19, SI-1000 Ljubljana,
Slovenia

Information propagation in the one-dimensional infinite temperature Hubbard model with a
dissipative particle sink at the end of a semi-infinite chain is studied. In the strongly inter-
acting limit, the two-site mutual information and the operator entanglement entropy exhibit a
rich structure with two propagating information fronts and superimposed interference fringes.
A classical reversible cellular automaton model quantitatively captures the transport and the
slow, classical part of the correlations, but fails to describe the rapidly propagating information
jet. The fast quantum jet resembles coherent free particle propagation, with the accompanying
long-ranged interference fringes that are exponentially damped by short-ranged spin correla-
tions in the many-body background. We identify the carrier of the fast front as a coherently
moving spinless fermion, propagating on an infinite temperature spin texture [1].

[1] P. Pencz, C. P. Moca, O. Legeza, T. Prosen, G. Zarand,andM.A.Werner, arXiv:2402.19390
[cond-mat.str-el].
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Quantum computing with continuous quantum systems

Sebastian Luhn, Freyja Ullinger, and Matthias Zimmermann

German Aerospace Center, Institute of Quantum Technologies, Wilhelm-Runge Straße 10,
89081 Ulm, Germany

Continuous-variable quantum computers [1,2] encode information and perform calculations
with the help of continuous degrees of freedom, such as e.g. position ormomentum. Despite the
enormous resources available in a continous quantum system, typical encodings for quantum
computation only exist for single qubits as, for instance, the Gottesman-Kitaev-Preskill (GKP)-
states [3].

In this talk, we present an encoding scheme for two-qubit operations in a single continous
quantum system. We introduce elementary logical gates which are characterized by continuous
transformations, such as displacement, rotation and shearing. The action of these operations
on the respective states is illustrated in phase space. With a representation-free theory we then
analyze the implementation of the resulting gates by taking into account current experimental
limitations. Finally, we discuss several challenges for the identification of states and operations
when encoding more than two qubits within a single continous quantum system.

[1] S. Lloyd and S.L. Braunstein, Phys. Rev. Lett. 82 (1999) 1784.
[2] S.L. Braunstein and P. van Loock, Rev. Mod. Phys. 77 (2005) 513.
[3] D. Gottesman, A. Kitaev and J. Preskill, Phys. Rev. A 64 (2001) 012310.
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Simulation and Experiments with the cloud-accessible ultracold-matter
hardware Oqtant

Dana Z Anderson, Noah Fitch, and Victor Colussi

Inflection & University of Colorado, 3030 Sterling Circle, Boulder, 80027 USA

This presentation introduces a cloud-accessible 87Rb-based ultracold atom platform, Oqtant,
made available by Infleqtion. The platform provides a programmable means of producing and
then manipulating ultracold matter using painted optical potentials. Experiments typically be-
gin with the production of a Bose-Einstein condensate, then proceed by manipulating atomic
potential through the distribution of laser light. The programming is done through Python pro-
gramming. Oqtant is accompanied by simulation software that allows one to simulate dynamics
on a classical computer, and then with the flip of a (software) switch, run the corresponding
experiment. In addition to its educational value, Oqtant allows non-specialists to carry out
meaningful ultracold matter experiments. We discuss present and possible future capabilities.
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Nonlinear hydrodynamics on a chip: wave breaking and multisoliton
fission in a superfluid waveflume

Christopher G Baker, Walter W Wasserman, Matthew T Reeves, Raymond A Harrison, Igor
Marinkovic, Glen I Harris, and Warwick P Bowen

ARC Centre of Excellence for Engineered Quantum Systems, School of Mathematics and
Physics, University of Queensland, St Lucia, QLD 4072, Australia

In this poster I will present research interfacing cavity optomechanics and superfluid physics
for the study of nonlinear wave phenomena.

Building upon our previous work in superfluid optomechanics [1], I will present a novel
sensor architecture formed by covering nanofabricated silicon photonic crystal beams with a
thin superfluid helium-4 film. This creates an optically addressable quasi-one-dimensional
wave tank containing a few femtoliters of superfluid helium, upon which waves can be gener-
ated, propagate and be readout.

Superfluid helium’s characteristics present a unique opportunity for the study of nonlinear
wave propagation. Indeed, thanks to superfluid helium’s vanishing viscosity, the depth of the
film h can readily be made as small as a few nanometers without wave attenuation–something
impossible to do with classical fluids. Our platform thus enables us to generate waves whose
aspect ratio (defined as the wavelength over depth λ/h) exceeds 10,000:1, two orders of mag-
nitude larger than that achievable in the world’s largest wave tanks and exceeding that of the
most extreme terrestrial phenomena such as tsunamis. This, combined with our recently devel-
oped ability to engineer strong fountain pressure forces [2], now allows us to combine within
a single device high spatial and temporal resolution along with strong actuation capabilities.

Leveraging these unique characteristics, I will show how our superfluid wave tank enables
us to generate and measure (within a sub-millimetre-sized device in a laboratory setting) a rich
variety of superfluid nonlinear wave phenomena for the first time, including wavebreaking,
multisoliton fission and optomechanical dissipative solitons [3] - opening up the way for the
study of extreme regimes of nonlinear hydrodynamics on a chip.

[1] X. He et al., Nature Physics 16, 4 (2020); Y. P. Sachkou et al., Science 366, 1480 (2019),
G. Harris et al, Nature Physics 12, 8 (2016) ; W. W. Wasserman et al., Opt. Express 30,
30822 (2022) ; C. Baker et al., New J. Phys 18, 123025 (2016)

[2] A. Sawadsky et al., Science Advances 9, eade3591 (2023)
[3] J. Zhang et al., Optomechanical Dissipative Solitons, Nature 600, 75 (2021)
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Thermoelectricity in superconducting nanotechnologies

Alessandro Braggio

Istituto Nanoscienze CNR, NEST, Scuola Normale Superiore Pisa, Piazza San Silvestro 12,
Pisa 56127, Italy

Thermoelectricity is a basic example of a thermodynamic engine which transforms thermal
gradients into electrical power. However, many quantum machines and quantum thermody-
namic electronic circuits[1] are realized with hybrid superconducting platforms which are ex-
pected with limited thermoelectrical properties, due to the particle-hole symmetry. However,
thermoelectricity may be also generated in these systems [2,3], flux vortex systems[4] or, non-
locally, due to helical properties of the topological edge states[5] or even to the emergence of
Bogoliubov-Fermi points[6]. However, we have shown that photon-assisted tunnelling could
even impact in some measure on the thermoelectricity[7]. In this contribution, we will explore
how previous examples could be influenced by Coulomb blockade[8], time-dependent drivings
or other interactions with the circuit’s electrical environment.

[1] J. P. Pekola, Nature Phys. 11 (2015) 118.
[2] G. Germanese, F. Paolucci, G. Marchegiani, A. Braggio, F. Giazotto Nature Nanotech. 17

(2022) 1084.
[3] C. Guarcello, A. Braggio, F. Giazotto, R. Citro Phys. Rev. B 108 (2023) L100511.
[4] A. N. Singh, B. Bhandari, A. Braggio, F. Giazotto, A. Jordan unpublished
[5] G. Blasi, F. Taddei, L. Arrachea, M. Carrega, A. Braggio Phys. Rev. Lett. 124 (2020),

227701.
[6] J. H. Mateos, L. Tosi, A. Braggio, F. Taddei, L. Arrachea arXiv preprint arXiv:2404.07734.
[7] A. Hijano, F. S. Bergeret, F. Giazotto, A. Braggio Phys. Rev. Applied 19 (2023) 044024.
[8] S. Battisti, G. De Simoni, L. Chirolli, A. Braggio, F. Giazotto Phys. Rev. Research 6 (2024)

L012022
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Asymptotic Charge Induced Decoherence in QED and Quantum Gravity

Daine L Danielson1, Gautam Satishchandran2, and Robert M Wald1

1Enrico Fermi Institute, Kadanoff Center for Theoretical Physics, and Department of
Physics, The University of Chicago, Chicago, IL 60637, USA

2Princeton Gravity Initiative, Princeton University, Princeton, NJ 08544, USA

In QED and (linearized) quantum gravity, we show that any localized charge will eventually
decohere in the momentum basis in an asymptotically flat spacetime. This places an upper
bound on the size of any coherent quantum superposition in space, and also generates an en-
hanced rate of wavepacket spreading. We estimate the size of these effects, which arise because
any massive (or charged) particle necessarily radiates soft, entangling gravitons/photons to null
infinity as it evolves. In the limit of infinite time–such as in QED scattering theory–this soft ra-
diation gives rise to superselection in the electron momentum basis, with the result that almost
all scattering states exhibit total delocalization of the charges. It is an experimental fact that this
does not obstruct accurate predictions for collider experiments, where the central-momentum
dependence of scattering cross sections can still be calculated. Nevertheless, in regimes where
quantum coherence of charged particles becomes important, this total loss of coherence in tra-
ditional scattering theory is a fundamental obstacle to realistic predictions. In QED scattering,
realistic physics only survives within a small class of carefully dressed states. In (nonlinear)
quantum gravity, the conclusion is different, and suggests that valid physical states in quantum-
gravitational scattering theory can only be described in terms of relational observables, e.g. by
the introduction of extended objects.
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Superconducting proximity coupling in thin films of magnetic topological
insulators.

Daniele Di Miceli, Julian Legendre, and Thomas Schmidt

University of Luxembourg, Department of Physics and Materials Science, 2, place de
l’Université, L-4365 Esch-sur-Alzette, Luxembourg

Inducing superconducting correlations in magnetic topological insulators (MTIs) has attracted
a lot of research interest in recent years [1]-[2], being a promising way to realize topological
superconductors with non-abelian anyons [3]. In principle, an effective pairing can be achieved
straightforwardly by placing a topologically-nontrivial MTI in proximity to an ordinary s-wave
superconductor. However, several challenges need to be overcome to observe the simultaneous
coexistence of magnetism, topology and superconductivity.
Here, we investigate the proximity effect produced by an s-wave superconductor grown on top
of a thin film of MTI material. Using the Green’s function formalism, we derive and solve
the quantum mechanically Gor’kov equations for the MTI-SC heterostructure in presence of
translational invariance on theMTI plane. We analyze how the induced SC correlations depend
on out-of-plane coordinate and magnetization, showing that p-wave superconductivity can be
achieved.

[1] A. Uday et al., arXiv preprint arXiv:2307.08578, (2023).
[2] H. Yi et al., arXiv preprint arXiv:2312.04353, (2023).
[3] X-L Qi and S-C Zhang, Rev. Mod. Phys. 83(4), 1057 (2011).
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Open-loop quantum control of small-size networks for high-order
cumulants and cross-correlations sensing

Giuseppe A. Falci

University of Catania, Via Santa Sofia 64, Catania, Italy
INFN, Sezione di Catania

Quantum control techniques represent one of the most efficient tools to attain high-fidelity
quantum operations and a convenient approach for quantum sensing and quantum noise spec-
troscopy. In this work, we investigate dynamical decoupling while processing an entangling
two-qubit gate based on an Ising-xx interaction, each qubit being affected by pure dephasing
classical correlated 1/f -noises. To evaluate the gate error, we used the Magnus expansion in-
troducing generalized filter functions that describe decoupling while processing and allow us to
derive an approximate analytic expression as a hierarchy of nested integrals of noise cumulants.
The error is separated in contributions of Gaussian and non-Gaussian noise, the corresponding
generalized filter functions being calculated up to the fourth order. By exploiting the properties
of selected pulse sequences, we show that it is possible to extract the second-order statistics
(spectrum and cross-spectrum) and to highlight non-Gaussian features contained in the fourth-
order cumulant. We discuss the applicability of these results to state-of-the-art small networks
based on solid-state platforms.

[1] Antonio D’Arrigo, Giulia Piccitto, Giuseppe Falci, Elisabetta Paladino, arXiv:2401.05766
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Fractional Charges and Triply Degenerate States of Fermion Zero Modes
on the Domain Wall of the Quantum Dot

Ikuzo Kanazawa

Department of Physics,Tokyo Gakugei University, Nukuikitamachi 4-1-1,Koganeishi, Tokyo
184-8501, Japan

Recent relationdship between condensed matter physics such as topological insulators and el-
ementary particle physics is remarkable. The effective topological field in field-theoretical
formula captures ther topological effects, including the quantization of the Hall conductance,
the fractional charge, and statistics of quasiparticles. Kanazawa has indicated the importance
of the hole-induced domain-wall in magnetoresistance in diluted magnetic semiconduictors
[1,2]. In addition, Kanazawa and coworkers [3,4] have proposed that there might be emergent
quasiparticles with fractional electronic charge such as dyon on the domain wall between topo-
logical insulators and spin ice compounds through theWitten effect [5] and interaction between
the Dirac fermions and excited magnetic monopoles. Recently Kanazawa and Maeda [6] have
discussed quark-like fermions of triply degenerate states of fermion zero mode on the quantum
dot. In this study, we have discussed the anomalous excitations such as fractional charges on
the quantum dot, extending the theoretical formula [7,8].

[1] I. Kanazawa, Phys. Lett. A355 (2006)460
[2] I. Kanazawa, Physica E40 (2007)277
[3] T. Sasaki, E. Imai, and I. Kanazawa, J. Phys. Conf. Ser. 568 (2014)052029
[4] I. Kanazawa and T. Sasaki, Phys. Proc. 75 (2015)967
[5] E. Witten, Phys. Lett. B86 (1979)283
[6] I. Kanazawa and R. Maeda, J. Low Temp. Phys. 191 (2018)84
[7] H. Fukaya et al., Phys. Rev. D96 (2017)125004
[8] K. Yonekura, JHEP 05 (2019)062
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Negative Wigner function by decaying interaction from equilibrium

Michal Kolář and Radim Filip

Palacký University Olomouc, 17. listopadu 1192/12, Olomouc, 771 46, Czech Republic

Bosonic systems with negative Wigner function superposition states are fundamentally wit-
nessing nonlinear quantum dynamics beyond linearized systems and, recently, have become
essential resources of quantum technology with many applications. Typically, they appear due
to sophisticated combination of external drives, nonlinear control, measurements or strong non-
linear dissipation of subsystems to an environment. Here, we propose a conceptually different
and more autonomous way to obtain such states, avoiding these ingredients, using purely sud-
den interaction decay in the paradigmatic interacting qubit-oscillator system weakly coupled
to bath at thermal equilibrium in a low-temperature limit. We demonstrate simultaneously de-
tectable unconditional negative Wigner function and quantum coherence and their qualitative
enhancement employing more qubits, similarly as in [1].

[1] M. Kolář and R. Filip, arXiv:2211.08851v2 [quant-ph].
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Bosonic phonon pairing causes a bulk-boundary duality

Jun Hee Lee

UNIST (Ulsan National Institute of Science and Technology), 50 UNIST-gil, Eonyang-eup,
Ulju-gun, Ulsan, 44919, Republic of Korea

Since the publishing of our seminary theory, “Scale-free ferroelectricity induced by flat phonon
bands in HfO2” [1], we have delved into the origins of unconventional ferroelectricity in HfO2

beyond the flat phonon bands. Finally, we discovered that a bound phonon pair is responsible
for the undiminished strength of the ferroelectricity even at the sub-nm scales.

While fermionic particles such as electrons are known to pair and induce observable ef-
fects such as superconductivity, bosonic entities such as phonons rarely exhibit pairing. How-
ever, in this phenomenon, all phonons in HfO2 are paired, with each phonon is bound with
its band-partner. Unlike the single phonons in conventional ferroelectricity that easily scatter
at physical boundaries such as domain walls, the paired phonons bond with each other and
successfully reach the domain wall’s centre without losing their integrity. As a result, the con-
densed phonons and the structure of the bulk are fully retained at the domain wall, rendering
the wall virtually indistinguishable from the bulk.

1 Hyun Jae Lee et al., Science 1343 (2020) 369.
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Exploring phononlike interactions in one-dimensional Bose-Fermi
mixtures

Axel Gagge1, Themistoklis Mavrogordatos1,2, and Jonas Larson1

1Department of Physics, Stockholm University, SE-106 91 Stockholm, Sweden
2ICFO - The Institute of Photonic Sciences, Avinguda Carl Friedrich Gauss, 3, 08860

Castelldefels, Barcelona, Spain

We investigate a cold atomic Bose-Fermi (BF) mixture confined in an optical lattice potential
solely affecting the bosons with the objective of simulating the physical behavior of electrons
in a dynamic background. We do so by assigning tractable degrees of freedom to the lattice,
which renders its description dynamic and enables the simulation of some analog of phonon-
like interactions. In mixtures of bosons and spin-polarized fermions, it is well known that an
attractive BF interaction leads to a so-called pairing phase in the strongly correlated regime
[1]. This phase collapses if the interaction becomes too strong, resulting in clumping of the
atoms and breaking of translational invariance. At the same time, deep optical lattices on BF
mixtures render their description amenable to the BF Hubbard model, since an insulating phase
of composite fermions is formed [2].

In ourwork, the bosons reside in the deep superfluid regime and inherit the periodicity of the
optical lattice, subsequently serving as a dynamic potential for the polarized fermions. Owing
to the atom-phonon interaction between the fermions and the condensate, the coupled system
exhibits a Berezinskii-Kosterlitz-Thouless transition from a Luttinger liquid to a Peierls phase.
However, under sufficiently strong BF interaction, the Peierls phase loses stability, leading
to either a collapsed or a separated phase. We find that the primary function of the optical
lattice is to stabilize the Peierls phase. Furthermore, the presence of a confining harmonic trap
induces a diverse physical behavior, surpassing what is observed for either bosons or fermions
individually trapped. Notably, under attractive BF interaction, the insulating phase may adopt
a fermionic wedding-cake-like configuration, reflecting the dynamic nature of the underlying
lattice potential. Conversely, for repulsive interaction, the trap destabilizes the Peierls phase,
causing the two species to separate [3].

[1] M. A. Cazalilla and A. F. Ho, Phys. Rev. Lett. 91, 150403 (2003); T. Miyakawa, H.
Yabu, and T. Suzuki, Peierls instability, Phys. Rev. A 70, 013612 (2004); M. Rizzi and A.
Imambekov, Phys. Rev. A 77, 023621 (2008).

[2] M. Lewenstein, L. Santos, M. A. Baranov, and H. Fehrmann, Phys. Rev. Lett. 92, 050401
(2004); L. Pollet, M. Troyer, K. van Houcke, and S. M. A. Rombouts, Phys. Rev. Lett. 96,
190402 (2006).

[3] A. Gagge, Th. K. Mavrogordatos, and J. Larson, Phys. Rev. Research 6, 013138 (2024).
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Quantum Coherent Transfer Function for Generic Pulse Storage and
Retrival

Billie V DeLuca, Milo Hyde, and Anil K Patnaik

Air Force Institute of Technology, AFIT/ENP, 2950 Hobson Way, Wright-Patterson AFB, USA

Challenges in storage of quantum information is one of the bottlenecks for realizing the quan-
tum network [1]. In last few decades, electromagnetically induced transparency (EIT) based
light storage and retrieval has been demonstrated as the potential technique for quantum infor-
mation storage, except for the stringent limitations of the delay-bandwidth product [2]. Most
of the optical storage studies have been limited to storing Sech, Gaussian or other well-known
regular pulse shapes [3]. We demonstrated that an analytical framework based on a Fourier-
domain coherent transfer function for arbitrary pulse shapes and derived a generalized expres-
sion for the retrieved light pulse from EIT storage in a three-level Λ system. We implemented
Fourier algebra to separate the effect of storage from the arbitrary shape of the pulse being
stored, deriving a generalized formula for arbitrary pulse shape [4].

In this poster, we will demonstrate that the Fourier transfer function could be considered
as the quantum coherent transfer function that resonantly imparts its effect on the incoming
“signal” (light) pulse and, thus, we can deconvolve the output pulse from the transfer function
to gain information on the signal pulse. This result will be significantly enhancing the ability
to retrieve the critical information content of the signal, particularly in the quantum domain.

[1] A. K. Patnaik, Proc. SPIE PC12016, Optical and Quantum Sensing and Precision Metrol-
ogy II, PC1201638 ( 2022).

[2] R. W. Boyd and D. Gauthier, “Slow and Fast Light,” in Progress in Optics, 43, 2002.
[3] A. K. Patnaik, F. Kien, K. Hakuta, Phys. Rev. A 69 (2004) 035803.
[4] B. V. DeLuca and A. K. Patnaik, European Physical Journal – Special Topics 232 (2023)

3369.
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Nanomechanically-induced nonequilibrium quantum phase transition in
a Bose-Einstein condensate

Milan Radonjić1,2, Leon Mixa1,3, Axel Pelster4, and Michael Thorwart1,3

1I. Institute of Theoretical Physics, University of Hamburg, Notkestraße 9-11, 22607
Hamburg, Germany

2Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, 11080 Belgrade,
Serbia

3The Hamburg Center for Ultrafast Imaging, Luruper Chaussee 149, 22761 Hamburg,
Germany

4Physics Department and Research Center OPTIMAS, University Kaiserslautern-Landau,
Erwin-Schrödinger Str. 46, 67663 Kaiserslautern, Germany

We report a nonequilibrium quantum phase transition (NQPT) in a hybrid quantummany-body
system consisting of a vibrational mode of a damped nanomembrane interacting optomechan-
ically with a cavity, whose output light couples to two internal states of an ultracold Bose gas
held in an external quasi-one-dimensional box potential [1]. For small effective membrane-
atom couplings, the system is in a homogeneous Bose-Einstein condensate (BEC) steady state
with no membrane displacement. Depending on the transition frequency between the two in-
ternal atomic states, either one or both internal states are occupied. By increasing the atom-
membrane couplings, the system transitions to a symmetry-broken self-organized BEC phase,
which is characterized by a significantly displaced membrane steady state and density wave-
like BEC profiles. This NQPT can be both discontinuous and continuous for a certain interval
of transition frequencies, and is purely discontinuous outside this interval.

[1] M. Radonjić, L. Mixa, A. Pelster, and M. Thorwart, arXiv:2401.18015 (2024).
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The refractive index of a single three-level atom experienced by a
quantum field

Trever Harborth, Jacob Emerick, and Yuri Rostovtsev

Department of Physics, University of North Texas, 1155 Union Circle, #311427, Denton, USA

The refractive index of a system is often considered as the collective response of a medium
to an electromagnetic field. However, even when light targets a single atom, it undergoes
dispersion. By studying the propagation of a single photon interacting with a two-level atom,
we can examine the dispersion behavior of the photon wave packet and further analyze the
dispersion experienced by the single photon [1,2]. These findings are critical for advancing
long-distance quantum communications.

Moreover, the question of the refractive index of a single atom arises when the atom inter-
acts with a quantum field consisting of multi-photon states of radiation. Surprisingly, there is
no difference when the quantum field interacts with a single two-level atom. However, when
the atom has more levels (e.g., three levels in Lambda or Ladder configurations), the dispersion
for the quantum field differs compared to a two-level atom. In our poster, we will present the
applications arising from the new findings on the dispersion of three-level atoms, which are
important for advancing quantum information manipulation and improving quantum commu-
nications.

[1] Yuri Rostovtsev, Jacob Emerick, Anil Patnaik, “The refractive index of a single atom ex-
perienced by a single photon”, Results in Optics, 2023. DOI: 10.1016/j.rio.2023.100568

[2] https://sciencefeatured.com/2024/01/24/light-particle-meets-atom-revolutionizes-communication/
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Toward a coherent ultracold chemistry: controlling ultracold collisions of
NaLi molecules

Georgi Gary Rozenman

Research Laboratory of Electronics, MIT-Harvard Center for Ultracold Atoms, Department
of Physics, Massachusetts Institute of Technology, Cambridge, MA 02139, USA

Ultracold NaLi molecules represent a fascinating frontier in the study of quantum chemistry
and physics. These molecules, cooled to temperatures near absolute zero, exhibit behavior
that transcends classical understanding, allowing us to explore the quantum mechanical na-
ture of matter. With their distinctive blend of sodium (Na) and lithium (Li) atoms, ultracold
NaLi molecules serve as an ideal platform for probing the interactions and dynamics at ul-
tralow temperatures. Among the myriad ultracold molecules, NaLi stands out due to its unique
characteristics. It exhibits a notably small van der Waals radius, leading to diminished cross
sections for inelastic collisions despite its high reactivity. Achieving control over chemical
reactions at the quantum level through external fields remains a key ambition in modern chem-
istry. This ambition fuels the ongoing search for Feshbach resonances within molecular frame-
works. Nonetheless, the existence of such resonances in many systems may be hampered by
the brief lifetimes of collisional complexes or a crowded state density, making it difficult to
identify distinct resonances. To date, the observation of molecule-molecule resonances has
been limited, with a singular detection in collisions involving triplet NaLi molecules. When it
comes to atom-molecule interactions, resonances have been identified solely in NaLi + Na and
NaK + K collisions. In this presentation, I will delve into our investigation of Feshbach reso-
nances encountered with NaLi. We uncovered a complex array of 25 resonances during NaLi +
Na collisions, decipherable through cutting-edge quantum-chemical calculations. These find-
ings are associated with collisional complexes measuring 30 to 40 Bohr radii, emerging from
the interplay of spin-rotation and spin-spin couplings, alongside anisotropic atom-molecule
interactions. Our studies on the inelastic collisions involving NaLi molecules present a puz-
zle, suggesting that even highly reactive molecules lacking a reaction barrier may form stable,
long-lived collisional complexes.
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Autonomous demon with coupled qutrits

Irene A. Picatoste2 and Rafael Sánchez1

1Universidad Autónoma de Madrid, Francisco Tomás y Valiente 7, 28059 Madrid, Spain
2Institute of Physics, University of Freiburg, Hermann-Herder-Straße 3, D-79104 Freiburg,

Germany

Few-level systems coupled to thermal baths provide useful models for quantum thermody-
namics and the role of heat currents in quantum information settings. Useful operations such
as cooling or thermal masers have been proposed in autonomous three-level systems. In this
work, we propose the coherent coupling of two qutrits as a simultaneous refrigerator and heat
pump of two reservoirs forming a system. This occurs thanks to the coupling to two other
reservoirs which are out of equilibrium but do not inject heat in the system. We explore the
thermodynamic performance of such operation and discuss whether it can be distinguished
from the action of a Maxwell demon via measurements of current fluctuations limited to the
working substance [1].

[1] I. A. Picatoste and R. Sánchez, arXiv:2403.11160
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Automatic generation of spin and spin-bath Hamiltonians

Peter Schmitteckert

HQS Quantum Simulations, Rintheimerstr. 23, 76131 Karlsruhe, Germany

Magnetism and spin physics is a true quantum mechanical effect and its description usually
requires multi reference methods and can be hidden in the standard description of moelcules
in quantum chemistry. Here we present a twofold approach to the description of spin physics
in molecules and solid state physics for details see [1, 2]. First, we present a method that
identifies the single-particle basis in which a given subset of the orbitals are equivalent with
spin degrees of freedom for models and materials which feature significant spin physics. We
introduce a metric for the spin-like character of a linear combinations of orbitals of which the
optimization yields the optimal spin-like configurations. Second we demonstrate a generalized
Schrieffer-Wolff transformation method to extract the effective Hamiltonian projected on the
subspace of the Hilbert space in which the charge degree of freedom of electrons occupying the
previously identified orbitals is negligible. The method then yields an effective spin or spin-
bathHamiltonian description for the system. This generalized Schrieffer-Wolff transformations
is applicable to a wide range of Hamiltonians and has already been successfully employed with
a selection of quantum chemistry Hamiltonians of molecules.

[1] A method to derive material-specific spin-bath model descriptions of materials displaying
prevalent spin physics (for simulation on NISQ devices); Benedikt M. Schoenauer, Nicklas
Enenkel, Florian G. Eich, Michael Marthaler, Sebastian Zanker, and Peter Schmitteckert
https://quantumsimulations.de/publications/white-paper-hqs-spin-mapper

[2] Understanding Radicals via Orbital Parities; Reza G. Shirazi, Benedikt M. Schoenauer,
Peter Schmitteckert, Michael Marthaler, and Vladimir V. Rybkin, arXiv:2404.18787
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Thermodynamic Property of a CMOS Device beyond Landauer Limit

Daigo Yoshino and Yasuhiro Tokura

University of Tsukuba, 1-1-1 Tennodai, Tsukuba, 305-8571, Japan

Understanding the thermodynamic properties of computation is not only physically interesting
but also holds significant practical implications. In 1961, Rolf Landauer from IBM introduced
the Landauer principle, establishing a lower bound for the dissipation of energy required to reli-
ably erasing one bit of information. The bound is expressed as kBT ln 2, where kB is the Boltz-
mann constant, and T is the temperature of a thermal reservoir. This value is approximately
3.0×10−21 J at room temperature. Although extremely small, achieving this limit is feasible
through the quasi-static erasure process of memory. However, practical implementation may
result in increased energy dissipation. Beyond serving as mere memory systems, computers
execute complex mathematical operations through logic circuits composed of numerous logic
gates. Hence, discussing the thermodynamic properties of this system is interesting. Recent
advancements in nonequilibrium statistical mechanics have unveiled instances of dissipation
surpassing the Landauer bound in practical applications. In addition to memory systems, the
thermodynamic analysis of more complex computers, such as logic circuits, Brownian comput-
ers, and models proposed in computer science, has become possible. However, existing studies
are limited to ideal models and settings. For physically implemented computers, only a few
studies have analyzed the relationship between computational processes and their thermody-
namic properties. This study focuses on a specific logic gate and analyzes the thermodynamic
properties in terms of the extended Landauer bound [1]. NAND gates, comprising CMOS
transistors operating in sub-threshold regions, exhibit additional dissipation due to dynamic
changes in the logical states encoded in the output voltage. These findings have been quanti-
tatively revealed. The Landauer bound stems from logical irreversibility and the inability to
accurately infer the input from the output state after computation. This reduces the number of
logical states (M) to be realized before and after the computation, thus increasing the corre-
sponding entropy (H), up to ln 2 in the case of a 1-bit complete information erasure. In this
study, alongside the dissipation associated with this logical irreversibility, an additional dissi-
pation, contingent on the initial system distribution, was identified through an investigation of
the Kullback-Leibler divergence evaluated with Gillespie algorithm. While no difference was
observed in the former dissipation under varying input voltage conditions, the latter exhibited
greater dissipation under certain conditions. We interpret this factor as a consequence of logic
state flipping.

[1] D. Yoshino and Y. Tokura, J. Phys. Soc. Jpn. 92, 124004 (2023), arXiv: 2308.15738.
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Network analysis for the steady-state thermodynamic uncertainty
relation

Yasuhiro Utsumi

Mie University, 1577, Kurimamachiya-cho, Tsu, 514-8507, Japan

We perform network analysis of a system described by the master equation to estimate the
lower bound of the steady-state current noise, starting from the level 2.5 large deviation func-
tion and using the graph theory approach. When the transition rates are uniform, and the sys-
tem is driven to a non-equilibrium steady state by unidirectional transitions, we derive a noise
lower bound, which accounts for fluctuations of sojourn times at all states and is expressed
using mesh currents. This bound is applied to the uncertainty in the signal-to-noise ratio of the
fluctuating computation time of a schematic Brownian computation plus reset process [1,2]
described by a graph containing one cycle. Unlike the mixed and pseudo-entropy bounds that
increase logarithmically with the length of the intended computation path, this bound depends
on the number of extraneous predecessors and thus captures the logical irreversibility [3].

[1] Y Utsumi, Y Ito, D Golubev, F Peper, “Computation time and thermodynamic uncertainty
relation of Brownian circuits”, arXiv:2205.10735.

[2] YUtsumi, DGolubev, F Peper, “Thermodynamic cost of Brownian computers in the stochas-
tic thermodynamics of resetting”, Eur. Phys. J. Spec. Top. 232, 3259–3265 (2023).

[3] Y. Utsumi, “Network analysis for the steady-state thermodynamic uncertainty relation”,
arXiv:2405.03611
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A Universal Framework for Quantum Dissipation: Minimally Extended
State Space and Exact Time-Local Dynamics

Meng Xu1, Vasilii Vadimov2, Malte Krug1, Jürgen T. Stockburger1, and Joachim Ankerhold1

1Institute for complex quantum systems, Ulm University, Albert-Einstein-Allee 11, D-89069
Ulm, Germany

2QCD Labs, QTF Centre of Excellence, Department of Applied Physics, Aalto University,
P.O. Box 15100, FI-00076 Aalto, Finland

With the impressive advances towards quantum technological realizations, the need for highly
accurate, versatile, and computationally efficient approaches to simulate the dynamics of open
quantum systems has triggered compelling activities. A particular challenge is to consistently
account for subtle quantum correlations between system and surrounding such as retarded
reservoir feedback (non-Markovianity) as well as system-reservoir hybridization. Hence, for
schemes that go beyond the conventional Markov approximation a variety of methods across
different sub-disciplines has been developed such as hierarchical equations ofmotion, Lindblad-
pseudomode formulas, Chain-mapping approaches, phase space Fokker-Planck equations,
stochastic unravelings, and quantum master equations. This diversity, while indicative of the
field’s relevance, has inadvertently led to a ‘fragmentation’ that hinders a cohesive advance-
ment and application to current problems for complex systems.

How are different approaches related to each other? What are their strengths and limita-
tions? A systematic overview and concise discussion is highly wanted. Here, we make use of
a unified framework which very conveniently allows to link different schemes and, this way,
may also catalyze further progress. In line with the state of the art, this framework is formu-
lated not in fully reduced space of the system but in extended state space which in a minimal
fashion includes effective reservoir modes. This in turn offers a comprehensive understanding
of existing methods, elucidating their physical interpretations, interconnections, and applica-
bility.

[1] M.Xu,et al, Phys.Rev.Lett. 129 (2022) 230601
[2] M.Xu,et al, arXiv:2307.16790 (2023)
[3] V.Vadimov, et al, arXiv:2310.15802 (2023)
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Full counting statistics and Kardar-Parisi-Zhang scaling in infinite
temperature quantum spin chains

Angelo Valli1,2, Pascu Moca1,2,3, Tomaz Prosen4, and Gergely Zaránd1,2

1Department of Theoretical Physics, Institute of Physics, Budapest University of Technology
and Economics, Muegyetem rkp. 3., H-1111 Budapest, Hungary

2HUN-REN—BME Quantum Dynamics and Correlations Research Group, Budapest
University of Technology and Economics, Muegyetem rkp. 3., H-1111 Budapest, Hungary

3Department of Physics, University of Oradea, 410087, Oradea, Romania
4Department of Physics, Faculty of Mathematics and Physics, University of Ljubljana,

Jadranska 19, SI-1000 Ljubljana, Slovenia

We investigate the spin-transfer statistics in one-dimensional anisotropic Heisenberg (XXZ)
spin models. We introduce a novel tensor-network approach, with which we extract high-order
cumulants directly from the generating function at unprecedented long times. We can validate
our approach against quantum trajectory simulations - which give access to the full distribution
but are limited to shorter times - allowing us to compare cumulant up to the sixth order for S=1/2
and S=1 spin chains [1]. S=1/2 spin chains are integrable, and at the isotropic point (∆=1) the
variance of the spin transfer is characterized by an algebraic growth in time with a superdif-
fusive z=3/2 exponent as for a Kardar-Parisi-Zhang (KPZ) universal scaling. Fluctuations are
weakly non-Gaussian but incompatible with a Baik-Rains distribution, in agreement with re-
cent Google experiments [2] and with theoretical predictions for classical magnets [3]. In the
easy-plane regime ( ∆<1) transport is ballistic with asymptotically Gaussian distribution. In
the XX limit (i.e.,∆=0), our simulations are verified by fermionizing the spin chain. Remark-
ably, in the diffusive easy-axis regime (∆>1), we find distinctively non-Gaussian fluctuations,
and cumulants consistent with those obtained from Mainardi-Wright family distributions [3].
For non-integrable S=1 spin chains, we find a distinctively different scenario. Spin transfer is
the easy-plane regime displays a ballistic-to-diffusive crossover for S=1, while at the isotropic
point, a resilient KPZ scaling is observed, suggesting near-integrability. The dynamical expo-
nent drifts possibly towards a diffusive regime with z=2 - although we cannot rule out a z=5/3
Fibonacci-ratio exponent [4].

[1] A. Valli et al., in preparation.
[2] E. Rosenberg et al, Google Quantum AI, Science 384, 48-53 (2024).
[3] Krajnik et al. Phys. Rev. Lett. 132, 017101 (2024).
[4] Popkov et al. PNAS 112, 12645 (2015).
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Quantum Computing and Mobility (QCMobility)

Matthias Zimmermann5 and the QCMobility-Team1,2,3,4,5

1German Aerospace Center, Institute of Air Transport, Blohmstraße 20, 21079 Hamburg,
Germany

2German Aerospace Center, Institute of Transport Research, Rudower Chaussee 7, 12489
Berlin, Germany

3German Aerospace Center, Institute of Transportation Systems, Lilienthalplatz 7, 38108
Braunschweig, Germany

4German Aerospace Center, Institute of Systems Engineering for Future Mobility, Escherweg
2, 26121 Oldenburg, Germany

5German Aerospace Center, Institute of Quantum Technologies, Wilhelm-Runge Straße 10,
89081 Ulm, Germany

Mobility is currently undergoing major changes: new technologies and intelligent transport
systems are creating challenges in short time that are not entirely foreseeable. In addition,
climate change requires energy efficiency, for instance, in the control of routes and traffic
flows, in demand-orientated transport or in the logistics sector.

In this poster we provide an overview of the project QCMobility, which explores how
these topics might be attacked with the help of quantum computers in the future. The problems
selected in QCMobility are issues that are already highly relevant today and will become even
more important in the future due to more flexible or highly automated transport systems. Here,
quantum computing could provide novel concepts for solving multidimensional optimisation
problems. The use of these methods must be trialled in the near future in order to support a
transformation in the field of mobility.
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Exciton-Phonon Effects in the Coherently Driven Two Quantum
Dots-Photonic Microcavity System Showing Cooperative Two-photon

Lasing

Lavakumar Addepalli and P. K. Pathak

Indian Institute of Technology Mandi, Kamand, Mandi, 175005, India

We show cooperative two-photon lasing in the coherently driven quantum dots coupled to
single mode photonic crystal cavity system. We study the effect of exciton-phonon interaction
present in the system in non-perturbative approach by making a polaron transformation[1] and
shown results for T=5K and 20K. Here, we consider two separate quantum dots (QDs) coupled
to a single mode photonic-crystal (PhC) cavity. The Hamiltonian for the system in rotating
frame of cavity frequency is given by,

H = h̄∆1σ
+
1 σ

−
1 + h̄∆2σ

+
2 σ

−
2 + h̄(g1σ

+
1 a+ g2σ

+
2 a+H.C) +Hph.

where, the detuning ∆i = ωi − ωc, ωi, ωc are the transition frequency between ground
state |gi⟩ and excitonic state |ei⟩ for ith QD, cavity mode frequency respectively. The lowering
and raising operators for QDs are given by σ+

i = |ei⟩⟨gi|, σ−
i = |gi⟩⟨ei| and gi is the exciton-

cavity mode coupling constant, a is cavity field operator. The last term in Hamiltonian, H,
represents the exciton and longitudinal acoustic phonon interaction , Hph = h̄Σkωkb

†
kbk +

h̄Σiλ
i
k|ei⟩⟨ei|(bk + b†k). Here, bk(b

†
k) is the annihilation(creation) operator of kth phonon-bath

mode of frequency ωk. Here, λi
k is the coupling strength of exciton |ei⟩ to kth mode of the

phonon bath. We perform polaron transformation for the Hamiltonian, H usingH ′ = eSHe−S ,
where S = Σiσ

+
i σi−Σk

λ
ei
k

ωk
(b†k−bk). Similar methods used to treat exciton-phonon interaction

effect in other works [2]. We derive the time-convolutionless master equation for the system
treating the phonon bath interaction terms after polaron transformation perturbatively using
Born-Markov approximation. We have also included the incoherent processes present in the
system such as spontaneous emission of excitons (γi), pure dephasing, (γ′

i) and cavity decay
(κ) phenomena.

ρ̇s = − i
h̄
[Hs, ρs]− Lphρs − κ

2
L[a]ρs − Σi=1,2(

γi
2
L[σ−

i ] +
γ′
i

2
L[σ+

i σ
−
i ])ρs.

Here L[Ô] represents Lindblad super operator. Lph corresponds to phonon induced pro-
cesses. We further make approximations, ∆i >> gi, ηi to obtain a simplified master equation
(SME). We use this SME to write the density matrix elements rate equations and by using
Scully-Lamb theory [3], performing trace over collective QD states, the rate equation for prob-
ability of having ‘n’ photons in the cavity mode is obtained. Thereby, single and multi-photon
emission and absorption rates are caluculated numerically.

[1] Xu, D., & Cao, J. (2016). Frontiers of Physics, 11, 1-17.
[2] Roy, C., & Hughes, S. Physical Review X, 1(2), 021009 (2011).
[3] M. Sargent, M. Scully, and W. Lamb, Laser physics, Addison-Wesley Reading, Mas-

sachusetts (1974).
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Experimentally probing Landauer’s principle in the quantum
many-body regime

Stefan Aimet1, Mohammadamin Tajik2, João Sabino2, Gabrielle Tournaire1,3, Spyros
Sotiriadis1,4, Giacomo Guarnieri1,5, Philipp Schüttelkopf2, Jörg Schmiedmayer2, and Jens

Eisert1

1Dahlem Centre for Complex Quantum Systems, Freie Universität Berlin, 14195 Berlin,
Germany

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

3Department of Physics and Astronomy, and Stewart Blusson Quantum Matter Institute,
University of British Columbia, V6T1Z1 Vancouver, Canada

4Institute of Theoretical and Computational Physics, University of Crete, 71003 Heraklion,
Greece

5Dipartimento di Fisica, Università di Pavia, 27100 Pavia, Italy

Landauer’s principle establishes a bridge between information theory and thermodynamics by
fundamentally relating the erasure of a single bit of information to a minimum amount of heat
dissipation. While extensively explored in the context of few-body quantum systems, the ques-
tion arises whether this insight can be extended and potentially leveraged in complex quantum
many-body systems, where thermodynamics emerges as an effective coarse-grained descrip-
tion. This talk aims to present the first experimental measurement of Landauer’s principle in
a quantum field simulator consisting of two coupled one-dimensional ultra-cold Bose gases.
We characterized (generalized) entropy production along a global mass quench from a Klein-
Gordon to a Luttinger liquid model. Additionally, we may briefly discuss theoretical work on
the quantum thermodynamics of local quantum quenches in the many-body domain.
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Coherent ergotropy in thermalized intra-system couplings

Mohammad B. Arjmandi, Michal Kolář, and Radim Filip

Palacky University, 17. listopadu 12, Olomouc 779 00, Czech Republic

In this study, we delve into the interplay between ergotropy, the extractable energy by uni-
tary operations and thermodynamic work input. Focusing initially on a single two-level sys-
tem (TLS), we establish a direct correspondence between work input, required for changing
the TLS transition frequency, and its ergotropy, assuming the state of system is pure. How-
ever, presence of mixedness breaks the correspondence between the extractable energy and
the injected one (work), the latter being consistently larger than the former. Expanding our
investigation to a two-TLS thermal state governed by a model with proper interaction which
allows for local coherence (and coherent ergotropy, in turn) generation, as explored by some
of us [1], we uncover a non-trivial relation between the work input needed to manipulate the
frequency of one of the subsystems and its ergotropy. This reveals a mechanism whereby the
work done on the system is partially converted into extractable energy, particularly in a sce-
nario where the ergotropy originates only from coherence and not population inversion. We
compare these results to a similar two-TLS thermal state under a model with xx interaction
(transverse Ising model) which lacks the local coherence generation feature. Here, we identify
a loss-loss scenario, wherein the injected work remains inaccessible as it can not be transformed
to a useful form of energy, i.e. ergotropy. Our research illuminates the relation between impor-
tant energy-transformation concepts in quantum systems. By elucidating these relationships,
we contribute to a deeper understanding of the energy-transformation properties of quantum
systems, offering insights into energy storage or transfer processes and their implications for
quantum technologies

[1] M. Kolář, & R. Filip, arXiv preprint arXiv:2211.08851 (2022).
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Tunable anomalous diffusion of ultracold Fermi gases in time-dependent
disorder: From localization to Fermi-accelerated superdiffusion

Sian Barbosa1, Maximilian Kiefer-Emmanouilidis1,2,3, Felix Lang1, Jennifer Koch1, and
Artur Widera1

1University of Kaiserslautern-Landau, Erwin-Schrödinger-Straße 46, 67655 Kaiserslautern,
Germany

2Department of Computer Science, RPTU Kaiserslautern-Landau, 67663 Kaiserslautern,
Germany

3Embedded Intelligence, German Research Centre for Artificial Intelligence, 67663
Kaiserslautern, Germany

Transport through disorder has been actively studied for the last decades. The majority of
these studies, e.g. of Anderson localization, assume a static disorder potential. However,
time dependence can strongly accelerate dynamics, and the interplay between localization ef-
fects and acceleration could have strong impact on diffusion properties of quantum matter. I
will present the results of our experimental investigation of the dynamics of ultracold, spin-
polarized fermionic lithium atoms when exposed to an optical speckle potential that can be
frozen or continuously varying in both space and time. Depending on the disorder’s strength
and rate of change, we observe several distinct regimes of tunable anomalous diffusion, rang-
ing from weak localization and subdiffusion to superdiffusion. Especially for strong disorder,
where the expansion shows effects of localization, an intermediate regime is present in which
quantum interference appears to counteract acceleration. Our system connects the phenomena
of Anderson localization with second-order Fermi acceleration and paves the way to experi-
mentally investigate Fermi acceleration when entering the regime of quantum transport.

197



P5

Resolution of Discrete Quantum Clock-Time Observable
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Time is perhaps the most enigmatic concept in physics [1]. Indeed, we still lack an acceptable
explanation for the observed preferred direction of time, and a universally-accepted quantum
treatment of time as an observable [2 - 4].

The recently introduced Quantum Theory of Time (QTT) [5] describes the evolution of
a quantum state over time as a variable, undergoing virtual displacement, with translations
generated by the Hamiltonian. The theory attributes the differences between the spatial and
temporal dimensions to the violation of the time reversal symmetry, known as T-violation. If
there is no T-violation present, the spatially-averaged time is fixed at one value and so there
is no time evolution. However, with T-violation in the system, time is represented as fluc-
tuating at every point in space about a spatially-averaged time that corresponds to the usual
time evolution. Although QTT describes the change in the state of clock, it has not yet been
applied directly to an operator that represents observable time, i.e. clock-time. The aim of this
work is to investigate how the expectation value of a clock-time observable changes in time
and determine the expected statistics of a clock, within QTT.

For consistency with QTT, any time observable needs to have a canonically conjugate re-
lationship with the Hamiltonian, due to the fact that the Hamiltonian is the generator of trans-
lations in time. We examine the complement of the Hamiltonian, Pegg’s Age operator [4], as a
basis for defining the time observable. In QTT, a clock is represented as a composite system en-
tangled with a T-violating background field. Pegg defined the Age to represent time associated
with changes in an arbitrary system. Age can be utilised in QTT to define the time associ-
ated with a clock-time observable. Here we apply the Age operator to explore the time-energy
uncertainty relation for clock-time and the potential correlation of clock-time with temporal
fluctuations in the T-violating background field. We further examine the relationship of the
observable to conventional studies of time in quantum mechanics such as the time associated
with flight measurement [6].

[1] C. Rovelli, The Order of Time, Penguin Books Limited (2017).
[2] A. S. Eddington, The Nature of the Physical World, 276-81, Nature 137, 255 (1927).
[3] W. Pauli,Die allgemeinen prinzipien der wellenmechanik, Springer, Berlin, p.84, 190 (1990).
[4] D.T. Pegg,Complement of the Hamiltonian, Phys. Rev. A. 58. 10.1103/PhysRevA.58.4307

(1998).
[5] J. A. Vaccaro, Quantum asymmetry between time and space, Proc. R. Soc. A. 472, 2185

(2016).
[6] D.J. Lum, Ultrafast time-of-flight 3D LiDAR, Nat. Photonics 14, 2–4 (2020).

198



P6

Quantum Phase Transitions in periodically quenched systems

Jesús Casado-Pascual1, Álvaro Sáiz2,3, Jamil Khalouf-Rivera3,4,5, José Miguel Arias2,6, and
Pedro Pérez-Fernández3,6

1Física Teórica, Universidad de Sevilla, Apartado de Correos 1065, Sevilla 41080, Spain
2Departamento de Física Atómica, Molecular y Nuclear, Facultad de Física, Universidad de

Sevilla, Apartado 1065, E-41080 Sevilla, Spain
3Departamento de Física Aplicada III, Escuela Técnica Superior de Ingeniería, Universidad

de Sevilla, E-41092 Sevilla, Spain
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6Instituto Carlos I de Física Teórica y Computacional, Universidad de Granada,
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Quantum phase transitions encompass a variety of phenomena that occur in quantum systems
exhibiting several possible symmetries. Traditionally, these transitions are explored by contin-
uously varying a control parameter that connects two different symmetry configurations. Here
we propose an alternative approach where the control parameter undergoes abrupt and time-
periodic jumps between only two values [1]. This approach yields results surprisingly similar to
those obtained by the traditional one and may prove experimentally useful in situations where
accessing the control parameter is challenging.

[1] Á. Sáiz, J. Khalouf-Rivera, J. M. Arias, P. Pérez-Fernández, and J. Casado-Pascual, Quan-
tum 8 (2024) 1365.
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Quantum ratchet with Lindblad rate equations
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04360, C.U., Coyoaán, 04510 Ciudad de México, México and Tecnológico de Monterrey,

School of Engineering and Sciences, Ciudad de México 14380, México

A quantum random walk model is established on a one-dimensional periodic lattice that fluc-
tuates between two possible states [1]. This model is defined by Lindblad rate equations that
incorporate the transition rates between the two lattice states. Leveraging the system’s symme-
tries, the particle velocity can be described using a finite set of equations, even though the state
space is of infinite dimension. These equations yield an analytical expression for the velocity
in the long-time limit, which is employed to analyze the characteristics of directed motion.
Notably, the velocity can exhibit multiple inversions, and to achieve directed motion, distinct,
nonzero transition rates between lattice states are required.

[1] L. O. Castaños-Cervantes and J. Casado-Pascual, Phys. Rev. E 109 (2024) 054128.
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Electronic Transport in Quantum-Chaotic Nanostructures
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In the exploration ofmesoscopic two-dimensional (2D) nanostructures, we employ Landauer-
Büttiker approach to gain insights into and control over the electrical properties of chaotic
quantum transport systems [1,2]. On the classical side, it is widely acknowledged that dynam-
ics is difficult to predict due to chaos, for instance stemming from impurities in a nanostructure.
However, in mesoscopic systems, we can push the limit further by employing quantum coher-
ence for our benefit. A striking visual manifestation of quantum mechanical suppression of
classical chaos is a Quantum Scar [3], where the probability density of an eigenstate con-
densates in the vicinity of an unstable classical periodic orbit. Our transport setup consists of
a 2D quantum dot of an arbitrary shape [4], strongly coupled to finite-width leads [2]. The
system is also exposed to an external uniform magnetic field. The computational framework
enables calculations of transmission, conductivity, and currents in multi-terminal 2D transport
devices. Additional tools facilitate the computation of the local density of states, showcasing
possibilities to exploit quantum scars, for example, the so-called bouncing-ball states [5], in the
control of quantum transport. This approach enables a multitude of applications in quantum
electronics.

[1] See, e.g., M. Ventra, Electrical Transport in Nanoscale Systems, Cambridge University
Press, Cambridge (2008). G. Stefanucci, NoneequilibriumMany-Body Theory of Quantum
Systems: a Modern Introduction, Cambridge University Press (2013).

[2] R. Duda, J, Keski-Rahkonen, J. Solanpää, and E. Räsänen, Comp. Phys. Commun. 270,
108141 (2022).

[3] E. J. Heller, Phys. Rev. Lett. 53, 1515 (1984); P. J. J. Luukko, B. Drury, A. Klales, L.
Kaplan, E. J. Heller, and E. Räsänen, Sci. Rep. 6, 37656 (2016). J. Keski-Rahkonen, A.
Ruhanen, E. J. Heller, and E. Räsänen, Phys. Rev. Lett. 123, 214101 (2019).

[4] P. J. J. Luukko and E. Räsänen, Comp. Phys. Commun. 184, 769 (2013).
[5] S. Selinummi, F. Chalangari, J. Keski-Rahkonen, and E. Räsänen, submitted (2024).

201



P9
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In the pursuit of ultra-efficient nanoelectronic devices for the next generation of non-volatile
memories, ferroelectric materials have emerged as a focal point of extensive research and in-
terest. This heightened attention stems from their distinct properties, including rapid response
speed, non-volatility, and low power consumption [1, 2].

Traditionally, polarization switching in ferroelectric devices has relied on static electric
fields. However, achieving a stable switching through single light pulses remains a challenge.
Yet, such an accomplishment holds the promise of offering unique advantages, including ul-
trafast operation, non-contact switching, and retention-loss suppression. In conventional fer-
roelectric perovskites, such as LiNbO3, BaTiO3 and PbTiO3, only a transient switching under
single THz pulses has been theoretically demonstrated [3, 4, 5]. This can be attributed to the
dominance of appearing depolarization fields in the switched domains [6] and inter-domain
phonon interactions, resulting in the destabilization of the reversed state.

In our research, we are exploring ferroelectric systems and mechanisms capable of achiev-
ing permanent switching in response to single THz pulse perturbations. We propose that light
pulse-driven ferroelectric switching can substantially improve the switching properties and
pave the path for commercialization of the ferroelectric memories.

[1] Hyun Jae Lee et al., Science 369 (2020) 1343.
[2] Yuan Zhang et al., Adv. Sci. 8 (2021) 2102488.
[3] Roman Mankowsky et al., Phys. Rev. Lett. 118 (2017) 197601.
[4] Petr Zhilyaev et al., ACS Omega 9 (2024) 4594.
[5] Petr Zhilyaev et al., MTLA 27 (2023) 101681.
[6] Veniamin A. Abalmasov, Phys. Rev. B 101 (2020) 014102.
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Universal Approach to Dynamics of Finite and Extended Atomistic
Systems in the Phase Space

Lu Han1, Adam Sykulski2, and Lev Kantorovich1
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In our work, we propose and construct the theoretical framework for nonadiabatic dynamics
under general non-equilibrium conditions based on the stochastic hierarchy of equations of
motion (EoM) for various dynamical moments, combinations of positions and momenta. In
principle, it unifies the thermalization and real-time evolution for finite atomic systems along
the Konstantinov-Perel’s contour, i.e. both electrons and nuclei are tackled under the same
quantum-mechanical footing.

[1] L. K. Dash, H. Ness, and R. W. Godby. Nonequilibrium electronic structure of interacting
single-molecule nanojunctions: Vertex corrections and polarization effects for the electron-
vibration coupling. J. Chem. Phys.132 (2010) 104113

[2] Hong-Yi Fan. Operator ordering in quantum optics theory and the development of Dirac’s
symbolic method. J. Opt. B: Quantum Semiclass. 5 (2003) 147

[3] Per Hedegrd. Quantum diffusion in a metallic environment. Phys. Rev. B 35(1987) 6127.
[4] L. Kantorovich. Nonadiabatic dynamics of electrons and atoms under nonequilibrium con-

ditions. Phys. Rev. B 98(2018) 14307
[5] Jing-Tao Lü, Mads Brandbyge, Per Hedegård, Tchavdar N. Todorov, and Daniel Dun-

das. Current-induced atomic dynamics, instabilities, and Raman signals: Quasiclassical
langevin equation approach. Phys. Rev. B 85 (2012) 245444
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Most quantum computation architectures rely on a single specific type of two-qubit gate to form
a universal gate set. However, having flexible native entanglement gates can help to reduce
circuit complexity, which is highly relevant for the performance of NISQ devices. Here, we
propose a scheme to implement a continuous fermionic simulation gate (fSim gate) for super-
conducting qubits. We simultaneously apply two parametric drives with different frequencies
targeting two different transitions. iSWAP-type and CPhase-type of operations can be realized
at the same time in one single gate round with tunable angles controlled by drive amplitudes
and frequencies. We give analytical formulas of effective coupling strengths covering from dis-
persive regime to strong drive regime. Our study opens up new possibilities for more versatile
gate schemes.

[1] Foxen, Brooks, et al. “Demonstrating a continuous set of two-qubit gates for near-term
quantum algorithms.” Physical Review Letters 125.12 (2020): 120504.

[2] Reagor, Matthew, et al. “Demonstration of universal parametric entangling gates on amulti-
qubit lattice.” Science Advances 4.2 (2018): eaao3603.
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Entropy flow in CR-gate
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Cross-resonance gate is a two-qubit gate performed by driving one of the qubits (control) at the
frequency of the other (target). We study such a sytem in the presence of external reservoirs
[1]. In our model each qubit is coupled to a reservoir, where each reservoir is at a different tem-
perature. The qubits also interact with each other and hence evolve to become entangled. We
calculate the entropy flow through the reservoirs and see how it is affected by the entanglement
between the qubits [2]. We use Keldysh formalism to calculate this entropy flow [3]. Obtaining
such a relation makes it feasible to control the entropy flow within a system by controlling the
entanglement between qubits.

[1] Mohammad H. Ansari, Yuli V. Nazarov, Phys. Rev. B 91, 104303(2015)
[2] Mohammad H. Ansari, Alwin van Steensel, Yuli V.Nazarov, Entropy 2019, 21(9), 854

(2019)
[3] M.H. Ansari, Y.V. Nazarov, Journal of Experimental and Theoretical Physics 122, 3(2016)
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In the Aharonov-Bohm (AB) effect, quantum interference is observed for a charged particle
even when there is no local overlap with the external magnetic field. Here we argue that the
quantum electrodynamic approach provides a microscopic picture that can solve this “locality
problem”. In particular, the interaction between a charge and a distant magnetic flux is medi-
ated by virtual photons. We show the gauge invariance of the local phase shift induced by an
external magnetic flux [1], which is in sharp contrast to the standard semiclassical result.

In addition, the effect of virtual photons in the interference is manifested by a change in
their spectrum. When a vacuum is confined between two ideal conducting plates, the photons
acquire effective mass and satisfy the 2D Proca equation. This results in a short-range interac-
tion between the charge and the magnetic flux, and the AB effect is exponentially reduced at
a large distance between the two bodies [2]. On the other hand, a semiclassical description of
this short-range AB effect is also possible. This raises an interesting question about the reality
of virtual photons.

[1] K. Kang, “Gauge invariance of the local phase in the Aharonov-Bohm interference: Quan-
tum electrodynamic approach”, Europhys. Lett. 140, 46001 (2022).

[2] K. Kang, “Aharonov-Bohm effect mediated by massive photons”, arXiv:2403.03495.
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The standard method for diagnosing obstructive sleep apnea (OSA), full-night polysomnogra-
phy (PSG), requires multiple sensors attached to the body, potentially disturbing sleep. Carbon
dioxide, at 4% of exhaled airflow, has a distinct infrared absorption wavelength (4.26 µm), en-
abling clearer analysis of breathing and sleep via infrared optical gas imaging [1]. This study
aimed to monitor respiration and diagnose sleep disorders using an infrared gas imaging cam-
era with a quantum detector, assessing its suitability for OSA diagnosis. Data from PSG and
infrared imaging were collected from 50 volunteers concurrently. Respiratory signals were
extracted from infrared images using automated algorithms, and compared with PSG results.
Respiratory events detected by infrared imaging strongly correlated with PSG findings. Re-
ceiver operating characteristic analysis supported the appropriateness of infrared imaging for
OSA diagnosis. It accurately detected sleep-related respiratory events, suggesting its potential
as an OSA screening tool.

[1] Sean M Caples et al, Use of polysomnography and home sleep apnea tests for the longi-
tudinal management of obstructive sleep apnea in adults: an American Academy of Sleep
Medicine clinical guidance statement, J Clin Sleep Med. 17(6), 1287 (2021)

[2] V. Romaniello et al A sensitivity study of the 4.8 µm carbon dioxide absorption band in the
mwir spectral range, Remote Sensing. 12(1), 172 (2020)
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After a discover of topology in condensedmatter physics, tremendous research has beenworked
to find topological material in electronic system which Dirac point or Weyl point is inherited.
The interest has not been restricted in Fermionic system but extended to Bosonic system spon-
taneously for its exotic potential in application.

While Dirac states are required to have time reversal symmetry (TRS) and inversion sym-
metry (I) simultaneously, Weyl points are required not to respect one of them. As phonon is a
bosonic particle, TRS is always be protected whereas inversion symmetry would be replaced by
other crystalline symmetries. Based on a data driven discovery work in topological phononic
material with crystalline symmetry analysis, it could be noted that materials with topological
phonon would be easily found. Interestingly, however, ferroelectric material deserves to have
further attention due to its external controllability and we find nonsymmorphic ferreoelctric
materials could be provocative for its usage in memory industry.

Utilizing nonsymmorphic symmetry in ferroelectric materials, it is expected to facilitate
topological states possessingWeyl points in ferroelectric, which is attractive candidate in mem-
ory device industry [1]. We also present strain engineering to maximally activate topological
states.

[1] H.J.Lee et al., Science 369 (2020), 1343.
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Modern techniques can restrict the motion of an electron gas to a two-dimensional plane, say
in GaAs-AlGaAs heterojunctions, without posing any conceptual challenges. However, con-
fining such a low-dimensional system whose linear dimension is comparable to or less than
the cyclotron radius to a finite volume introduces new energy scales in the problem and leads
to modifications in the Landau susceptibility. Explicit spin-orbit coupling (SOC), albeit small
compared to other involved characteristic energies, via Rashba [1] or Dresselhaus [2] inter-
actions produces a splitting of the otherwise degenerate energy bands around the Fermi level.
This may significantly affect the thermodynamic [3] and the transport properties [4] of low-
dimensional systems. We study the weak-field magnetic susceptibility of two-dimensional
electron gas under isotropic parabolic, anisotropic, and Gaussian confinements. The asymmet-
ric (anisotropic) confinement, in semiconductor quantum dot structures, restricts the motion of
the charge carriers. They are quite popular in the field of elliptical quantum dots. In semicon-
ductors, impurity is considered very important in maneuvering the system’s properties. Gaus-
sian confinement potential is a pure mathematical representation of such impurity potentials.
We found that susceptibility strongly depends on the boundary confinement and removal of
the boundary results in a singularity. We show that a field-dependent susceptibility emerges
when the confinement is Gaussian, in contrast to the canonical case of a field-independent sus-
ceptibility. We also show that the weak-field susceptibility is independent of the anisotropy
parameter as well as the spin-orbit coupling for the anisotropic confinement model. For all the
other models, the susceptibility vanishes for large spin-orbit coupling [5]. We also found the
de-Haas van Alphen oscillations of the magnetic susceptibility, at very low temperatures and
very strong magnetic fields, depend significantly on the depth and the range of the confining
potential for Gaussian confinement [6].

[1] E.I. Rashba, Sov. Phys. Solid State 2 (1960) 1109.
[2] G. Dresselhaus, Phys. Rev. 100 (1955) 580.
[3] L. E. Diaz-Sanchez et al., Phys. Rev. Lett. 99 (2007) 165504; F. Gao et al., Physica E 40

(2008) 1454; J. Lian et al., Phys. Rev. A 86 (2012) 063620.
[4] M. A. Manya et al., Phys. Rev. B 105 (2022) 165421.
[5] Jishad Kumar, Tapio Ala-Nissila, in preparation
[6] Jishad Kumar, Tapio Ala-Nissila, in preparation.
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Two-dimensional magnetic materials are considered as promising candidates for developing
next-generation spintronic devices by providing the possibility of scaling down to nanometers.
However, a low Curie temperature is a crucial problem for practical applications, being inti-
mately related to weak interlayer exchange coupling. We recently reported a chemical way of
intercalation to raise the Curie temperature dramatically [1].

The Heisenberg model of istropinc spins impedes long-range ordering in a 2D lattice above
0 K according to the Mermin-Wagner theorem. 2D magnet at finite temperature has been
enabled by presence of spin gap like magnetic anisotropy. It is also possible to introduce the
spin gap through interlayer exchanging coupling via magnetic atoms intercalated as in our
study. Here we study thermodynamic behavior of spins across the Curie temperature with and
without intercalation.

[1] S. Mishra, I. K. Park , S. Javaid, S. H. Shin, and G. Lee, ChemRxiv. (2024);
doi:10.26434/chemrxiv-2024-2p6x0
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We studymanifestations of quantum coherence and quantum criticallity in thework distribution
function (WDF) of many-body systems. We consider general processes whose drive couples
to a conserved charge in a sybsystem. In the sudden limit we find exact relations between
moments of the WDF and charge coherence in the initial state. While the first two moments
are captured by the charge susceptibility, charge coherence affects the third moment ⟨W3⟩. We
then study the crossover to the adiabatic limit in solvable models and near quantum critical
points. We demonstrate our results in quantum dots (QDs), where the WDF allows to directly
measure the Kondo binding energy.
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We theoretically investigate the escape rate occurring via quantum tunneling in a system af-
fected by tailored dissipation. Specifically, we study the environmental assisted quantum
tunneling of the superconducting phase in a current-biased Josephson junction. We consider
Ohmic resistors inducing dissipation both in the phase and in the charge of the quantum cir-
cuit. We find that the charge dissipation leads to an enhancement of the quantum escape rate.
This effect appears already in the low Ohmic regime and also occurs in the presence of phase
dissipation that favors localization [1]. We further discuss the influence of temperature on the
observed effect and possible technological applications.

[1] D. Maile, J. Ankerhold, S. Andergassen, W. Belzig, and G. Rastelli, Phys. Rev. B 106,
045408 (2022)
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Quantum reservoir computing combines the inherent dynamics of many-body quantum sys-
tems with classical learning techniques. Notably, this approach differs from variational quan-
tum algorithms on noisy systems, which are susceptible to the well-known barren plateaus
phenomenon. Here, we introduce a strongly interacting spin model on random regular graphs
as the quantum component, and investigate the interplay of static disorder, graph connectivity,
learnability, and memory capacity. We address linear and non-linear tasks such as delayed
decision making, logical multitasking, and the reconstruction of entangled states, and discuss
optimal learning and memory performance regimes in terms of various encoding schemes, in-
teractions, localization, and the many-body structure of the static Hamiltonian.
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We study the temporal evolution of quantum mechanical fermionic particles exhibiting one
bound state within a one-dimensional attractive square-well potential in a heat bath of bosonic
particles. For this open quantum system we formulate the non-equilibrium Kadanoff-Baym
equations for the system particles by taking the interactions to be elastic 2-2 scatterings with the
heat-bath particles. The corresponding spatially imhomogeneous integro-differential equations
for the one-particle Greens’s function are solved numerically. We demonstrate how the system
particles equilibrate and thermalize with the heat bath and how the off-diagonal elements of
the density matrix, expressed in the one-particle energy eigenbasis, decohere, so that only the
diagonal entries, i.e. the occupation numbers, survive. In addition, the time evolution of the
(retarded) Green’s function also determines the spectral properties of the various one-particle
quantum states.

[1] A. Caldeira and A. Leggett, Physica A: Statistical Mechanics and its Applications 121, 587
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Quantum Reinforcement Learning in the presence of Thermal
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2Departamento de Física Atómica, Molecular y Nuclear, Universidad de Sevilla, 41080
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A study of the effect of thermal dissipation on quantum reinforcement learning is performed.
For this purpose, a nondissipative quantum reinforcement learning protocol is adapted to the
presence of thermal dissipation. Analytical calculations as well as numerical simulations are
carried out, obtaining evidence that dissipation does not significantly degrade the performance
of the quantum reinforcement learning protocol for sufficiently low temperatures, in some cases
even being beneficial. Quantum reinforcement learning under realistic experimental conditions
of thermal dissipation opens an avenue for the realization of quantum agents to be able to
interact with a changing environment, as well as adapt to it, with many plausible applications
inside quantum technologies and machine learning [1-2].

[1] M. L. Olivera-Atencio, L. Lamata, M. Morillo and J. Casado-Pascual, Phys. Rev E 108
(2023) 014128.

[2] M. L. Olivera-Atencio, L. Lamata and J. Casado-Pascual, Adv Quantum Technol. (2023)
2300247.
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Static and dynamics spin states in quantum mechanical solenoid
structures
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We have used the real-time time-dependent Kohn-Sham equations, within adiabatic local den-
sity approximation, to reveal various Berry-curvature characteristics of solid states. We demon-
strate that the quantum anomalous Hall conductivity and the quantum spin Hall conductivity
of real-material bulk topological insulators can be directly obtained in the real-time profile.
We now extend our study to nonlinear optical responses associated with spin-orbit dynam-
ics. We particularly focus on the structures with the built-in geometrical chirality. When such
a chiral structure is exposed to an axial magnetic field, the consequent charge dynamics ex-
hibits sharply analogious responses as the axial anomaly of high-energy physics of massless
fermions. We discuss the limitation and utility of local spin density approximation for the
exchange-correlation magnetic field in the aforementioned spin-orbit dynamics.

[1] D. Shin, PNAS 116(2019) 4135

216



P24

Ab initio molecular dynamics of Rydberg-type electronic excited state
dynamics in small sodium water clusters

Roxana-Diana Pasca1 and Attila Bende2
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Ab initio molecular dynamics calculations on a time scale of 20 picoseconds were performed
for Rydberg-type excited states of Na (H2O)n (n = 1, .., 5) mixed clusters considering the
TDDFT method, including the ωB2PLYP double-hybrid exchange-correlation functional and
def2-TZVPD basis set. Fluctuations of the charge and the sodium-oxygen atomic distances
predict that, the 3s1 electron of the sodium atom are transferred from the delocalised Rydberg
orbitals to the Rydberg orbitals around the water molecules and the sodium atom becomes
positively charged with around 0.6e after the first 10 ps. On the other hand, some of the water
molecules can move away up to 5 Å from the sodium with a significant negative charge on
them. It has been shown that non-radiative relaxation cannot be excluded, they can mostly
occur for cases n >= 4. The results confirm that the adiabatic photo-ionisation can occur on the
basis of cluster disintegration.
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Telling different unravelings apart via non-linear quantum-trajectory
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Eloy Piñol Jimenez1, Themistoklis Mavrogordatos1, Dustin Keys2, Romain Veyron1, Piotr
Sierant1, Miguel Ángel García March3, Samuele Grandi1, Morgan Mitchell1,4, Jan Wehr2,

and Maciej Lewenstein1,4

1ICFO - The Institute of Photonic Sciences, Avinguda Carl Friedrich Gauss 3, Castelldefels
08860, Spain
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The Gorini-Kossakowski-Sudarshan-Lindblad master equation (ME) [1] governs the density
matrix of open quantum systems (OQSs). When an OQS is subjected to weak continuous
measurement, its state evolves as a stochastic quantum trajectory, whose statistical average
solves the ME [2]. The ensemble of such trajectories is termed an unraveling of the ME.
We propose a method to operationally distinguish unravelings produced by the same ME in
different measurement scenarios, using nonlinear averages of observables over trajectories.
We apply the method to the paradigmatic quantum nonlinear system of resonance fluorescence
in a two-level atom [3]. We compare the Poisson-type unraveling, induced by direct detection
of photons scattered from the two-level emitter, and the Wiener-type unraveling, induced by
phase-sensitive detection of the emitted field. We show that a quantum-trajectory-averaged
variance is able to distinguish these measurement scenarios [4]. We evaluate the performance
of the method, which can be readily extended to more complex OQSs, under a range of realistic
experimental conditions.

[1] G. Lindblad, Communications in Mathematical Physics 48 (1976) 119.
[2] T. A. Brun, A simple model of quantum trajectories, Am. J. Phys. 70, (2001), pp. 719–737.
[3] H. Carmichael, Statistical Methods in Quantum Optics 1, Springer (1999), Chap. 2.
[4] E. Piñol et al., Telling different unravelings apart via nonlinear quantum-trajectory aver-

ages, arXiv:2312.03452 (2024).
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Open Quantum Systems with Kadanoff-Baym- and Lindblad equations
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Germany

OpenQuantum Systems are widely used to describe the density matrix of one particle or a chain
of interacting particles, which are surrounded by a thermal heat bath. Usually this heat bath is
assumed to be coupled as proposed in the Caldeira-Leggett model, in a Markovian approxima-
tion with weak coupling and Ohmic environment. Nevertheless, the question of thermalization
and a variety of assumptions that are made in this ansatz are not fully understood yet. However,
Lindblad dynamics are frequently discussed in heavy ion physics (Quarkonia) and recently be-
come of interest in quantum computer applications (Schwinger model).

We want to pave the way for another application of Lindblad dynamics, the description of
non-relativistic bound states, as for example the deuteron, by using the already well under-
stood techniques on a quantum mechanical level, and adapting them to a one dimensional
non-relativistic bound state framework. Furthermore, we discuss limitations and subtleties of
the application of Lindblad dynamics in heavy ion physics. Here we will argue, using Keldysh-
Schwinger techniques, that collisions in the language of second quantization can only be mod-
elled if further terms are added to the Lindbladian. However, this contradicts the ansatz of
Caldeira and Leggett concerning the (weak) linear coupling and requires to rethink, what the
actual frameworks are.
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Detector tuned overlap Catastrophe in quantum dots
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Anderson overlap catastrophe (AOC) is a well-known many-body effect that arises when a lo-
cal potential of a Fermi-sea is abruptly changed. The AOC physics is expected to play a key
role in the prototypical experimental setup of a charge detector that is electrostatically cou-
pled to a mesoscopic system, in the form of measurement back action (MBA). In quantum dot
structures, that are highly tunable mesoscopic systems, AOC physics is yet not experimentally
explored with the much desired tunability. Moreover, the MBA effects that are observed in
experiments are often interpreted using approximate phenomenological theories, which fail to
properly account for the non-perturbative aspects associated with AOC. We demonstrate that
a standard quantum-dot detector can be employed as a highly tunable probe of the AOC. We
show that, signatures of AOC are present in the MBA effects observed in existing experiments,
and give explicit predictions allowing to tune and pinpoint their non-perturbative aspects. A
key ingredient of our analysis is an exact numerical solution of the MBA, that we developed
based on the techniques used to understand the famous X-ray edge problem. We also show
that the popular phenomenological theory used to account for MBA, referred to as P(E) the-
ory, is a perturbative limit of our exact theory. Our approach serves as an effective theoretical
framework to study complex MBA effects in experiments.
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Detecting single gravitons with quantum sensing
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The quantization of gravity is widely believed to result in gravitons - particles of discrete en-
ergy that form gravitational waves. But their detection has so far been considered impossible.
Here we show that signatures of single gravitons can be observed in laboratory experiments.
We show that stimulated and spontaneous singlegraviton processes can become relevant for
massive quantum acoustic resonators and that stimulated absorption can be resolved through
continuous sensing of quantum jumps. We analyze the feasibility of observing the exchange
of single energy quanta between matter and gravitational waves. Our results show that single
graviton signatures are within reach of experiments. In analogy to the discovery of the photo-
electric effect for photons, such signatures can provide the first experimental evidence of the
quantization of gravity.

[1] F. Dyson, International journal of modern physics. A, Particles and fields, gravitation,
cosmology 28, 1330041 (2013)

[2] T. Rothman and S. Boughn, Foundations of Physics 36, 1801 (2006)
[3] S. Boughn and T. Rothman, Classical and quantum gravity 23, 5839 (2006)
[4] L. P. Grishchuk, Phys. Rev. D 45, 2601 (1992)
[5] W. E. Lamb Jr and M. O. Scully, in Polarization, Matter, Radiation (Presses Universitaires,

Paris, 1968) pp. 363–369
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Optomechanical analogues of spacetime superpositions

Germain Tobar1, Joshua Foo3, Sofia Qvarfort2, and Magdalena Zych1

1Stockholm University, Roslagstullsbacken 21, Stockholm, Sweden
2Nordita, KTH Royal Institute of Technology and Stockholm University, Hannes Alfvéns väg

12, SE-106 91 Stockholm, Sweden
3Department of Physics, Stevens Institute of Technology, Hoboken, New Jersey 07030, USA

We develop of an experimental proposal to simulate the model for spacetime superpositions
proposed by Foo, Arabaci, Zych, and Mann in Phys. Rev. Lett. 129, 181301 (2022) , using an
optomechnical experiment. The idea is to create a superposition of boundary conditions, which
is the core feature of the proposed quantum gravitational model, in a laboratory experiment.
This project will in particular explore what scenarios can be implemented by preparing one
mirror of an optical cavity in a spatial superposition reffered to as an optomechanical cat-state
- that would in turn create a superposition of cavity sizes.
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Dynamics of a quantum interacting system - Global approach extended
beyond the Born-Markov and secular approximations-
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Open quantum interacting systems are prototypical in various fields such as quantum optics,
quantum transport and quantum thermodynamics. The role of interaction between the subsys-
tems in obtaining a master equation has been repeatedly discussed to describe a reasonable
stationary state for the total relevant system [1-4]. A recent study on quantum thermodynam-
ics[5] showing the necessity of the interaction to keep the thermodynamics 2nd law attracts
renewed interest, called the global approach. However, the approach has been frequently dis-
cussed under the Born-Markov and secular approximations.

In this presentation, we show how the choices of the following points in deriving master
equations affect the dynamics :

(1) interaction between the subsystems ( global or local approach),

(2) the rapid oscillating terms in the dissipator (with or without the secular approximation),

(3) the finiteness of the correlation time of the environmental system (with or without Born-
Markov approximation),

taking a model of energy transport under a local dissipation[6].

[1] D. F. Walls, Z. Phys. A: Hadrons Nucl. 234 (1970) 231.
[2] J. D. Cresser„ J. Mod. Opt. 39 (1992) 2187.
[3] M. J. Henrich, M. Michel, M. Hartmann, G. Mahler, and J. Gemmer, Phys. Rev. E 72

(2005) 026104.
[4] M. Scala, B. Militello, A. Messina, J. Piilo, and S. Maniscalco, Phys. Rev. A 75 (2007)

01381.
[5] A. Levy and R. Kosloff, Europhys. Lett. 107 (2014) 20004.
[6] C. Uchiyama, Phys. Rev. A 108 (2023) 042212.
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In heat transport through nanostructures, quantum effects play an important role. There, in-
triguing phenomena can emerge from the properties of a quantum system and heat baths. For
instance, in 1983, Pendry predicted the quantization of thermal conductance [1] and then it has
been observed in various systems involving phonons and photons. As triggered by this seminal
work, quantum heat transport serves as a tool for understanding fundamental physics as well
as applications for quantum thermal devices.

The superconducting quantum circuit is an ideal platform for the observation of controllable
heat current at extremely low temperatures (sub-kelvin temperature range). The Josephson
junction is the main building block of the superconducting circuits, and its non-linearity in-
duces the nontrivial transport property. Although the properties of an isolated Josephson junc-
tion have been understood well, when it is coupled to a dissipative environment, its properties
change drastically. Schmid predicted that the Josephson junction shunted by a resistor under-
goes a quantum phase transition at zero temperature [2]. When the shunted resistance is smaller
than the resistance quantum, RQ = h/(2e)2 ≈ 6.45 kΩ, the Josephson junction behaves super-
conducting. In contrast, when the resistance exceeds the critical value, the Josephson junction
becomes insulating. Recently, thanks to the technological development of superconducting
circuits, the Schmid transition has been investigated from the viewpoint of heat transport and
questioned for the existence of the insulating phase [3].

In this poster, we present our recent theoretical work on heat transport across the Josephson
junction, which exhibits the Schmid transition [4]. We first derive the relation between the
linear thermal conductance and the admittance of the superconducting circuit at finite frequency
and temperature. After that, we evaluate the thermal conductance in the context of the Schmid
transition. Our non-perturbative results provide a signature of the Schmid transition in the
temperature dependence of the thermal conductance both in the superconducting and insulating
sides.

[1] J. B. Pendry, J. Phys. A: Math. Gen. 16 (1983) 2161.
[2] A. Schmid, Phys. Rev. Lett. 51 (1983) 1506.
[3] D. Subero et al., Nat. Commun. 14 (2023) 7924.
[4] T. Yamamoto, L. I. Glazman, and M. Houzet, arXiv:2403.13552.
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We investigate general NH systems, using the linear combination of unitaries (LCU) in the
scheme of duality quantum computing[1] and the unitary expansion (UE) techniques. We uti-
lize the linear combination of unitaries technique for nonunitary dynamics on a single qubit to
give explicit decompositions of the necessary unitaries, and simulate arbitrary time-dependent
single-qubit nonunitary operator F(t) using duality quantum algorithm. We find that the success
probability is not only decided by F(t) and the initial state, but also is inversely proportional
to the dimensions of the used ancillary Hilbert subspace. In a general case, the simulation
can be achieved in both eight- and six-dimensional Hilbert spaces. In phase matching condi-
tions, F(t) can be simulated by only two qubits. We illustrate our method by simulating typical
non-Hermitian systems and single-qubit measurements. We investigate a novel NH quantum
system of PT-arbitrary-phase, pseudo-Hermitian- ϕ-symmetric and τ -anti-pseudo-Hermitian.
We optimize the quantum circuits and calculate the success probabilities.

[1] G.-L. Long, Commun. Theor. Phys. 45 (2006) 825–843.
[2] C. Zheng, Sci. Rep., 11 (2021) 3960.
[3] C. Zheng, EPL, 136 (2021) 30002.
[4] C. Zheng, Chinese Physics B 31 (2022) 10.
[5] C. Zheng, Entropy 24 (2022) 867.
[6] C. Zheng, et al, Entropy 22 (2020) 812.
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Entropy, which is indispensable in classical and quantum channels, is one of the most important
cornerstones in information theory. Non-Hermitian (NH) quantum systems attract research in-
terest increasingly in recent years, among which the PT-symmetric, P-pseudo-Hermitian and
their anti-symmetric counterpart systems are focused much more. Many meaningful results
and interesting phenomena will appear when we investigate the entropy in quantum systems
with NH Hamiltonians. In our work, on the one hand, we extend the application of entropy to
distinguish time-evolutions of different classes and phases of typical NH systems. In a general
case, we show how to distinguish all the eight phases of the above NH systems step by step. On
the other hand, we investigate how to describe the Rényi entropy for NH systems more appro-
priately. We obtain a concisely and generalized form of α-Rényi entropy, which we extend the
unified order- α from finite positive real numbers to zero and infinity. Applied it to anyonic-
PT symmetric systems, we reveal the continuous change of information dynamics patterns that
originates from the continuity of anyonic-PT symmetry. By exploring the mathematics and
physical meaning of the negative entropy in open quantum systems, we connect negative non-
Hermitian quantum Rényi entropy and negative quantum conditional entropy, paving the way
to rigorously investigate negative entropy in open quantum systems.

[1] D. Li and C. Zheng, Entropy 24 (2022) 1563.
[2] C. Zheng and D. Li, Sci. Rep. 12 (2022) 2824.
[3] A. Sergi and K.G. Zloshchastiev, Int. J. Mod. Phys. B 27 (2013) 1345053.
[4] A. Rényi, Proc. Symp. Math. Stat. Probab. 10 (1961) 547–561.
[5] M. Müller-Lennert, F. Dupuis, O. Szehr, S. Fehr, and M. Tomamichel, J. Math. Phys. 54

(2013) 122203.
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Conference Site Buildings

Pyramida Hotel

Pyramida Hotel was built in 1980 in the neo-functionalist style with an interesting star-like
ground plan and pyramid-like outer shape. Last renovation of the hotel took place in 2021-
2022. The hotel offers a wide selection of conference services. The hotel offers a wide selection
of conference services.

Pyramida Hotel is situated in the residential area of Prague called Břevnov near the Prague
Castle and the historical centre of Prague - see map Prague Center. It is, in the same time, near
the Prague international airport - about 20 minutes by car. From the Pyramida Hotel you can
reach easily many historical and important places of Prague by trams which have their stops
nearly in front of the Pyramida Hotel: Prague Castle within 5 minutes, Lesser Town is about
10 minutes by tram, Charles Bridge area, too, Old Town and New Town centers (in the vicinity
of Old Town Square and Wenceslas Square) within 20 minutes ride.

Wallenstein Palace

Wallenstein Palace (Valdštejnský palác) is situated in the very center of the Lesser Town in
close vicinity of the Lesser Town Square and the Charles Bridge. The origin of the settlement
in the Lesser Town is directly linked to Prague Castle, which was founded around 880 AD.
The oldest settlement of the future city named Prague was concentrated just to places below
the castle. In this area the second town of Prague was later formed: the space between the river
of Vltava and Prague Castle was fortified in the 13th century and the Lesser Town was founded
in 1257 by the Czech King Přemysl Otakar II.

The Wallenstein Palace was built from 1624 to 1630 as a seat of the Imperial Generalissimo,
Admiral of the Atlantic Ocean and the Baltic Sea, Albrecht Eusebius of Valdstein (Wallen-
stein) who was one of the most important figures of the Thirty Year’s War. Apart from being
famous as a very influential soldier (Commander-in-Chief of the Imperial Army), Wallenstein
is also known for his belief in the influence of the stars. It is a very interesting experience
to read personal characterization of Wallenstein in the horoscope written for him personally
by Johannes Kepler. This link is not the only one which connects Wallenstein Palace with
astronomy and physics: inside the Palace there is the astronomical-astrological corridor with
allegories of seven planets, the leading architect who designed the Wallenstein Palace and its
Sala Terrena in the huge Baroque garden was Italian Giovanni Battisto Pieronni, a student of
Galileo Galilei. When designing the huge palace complex of the Wallenstein Palace, Pieronni
(together with two other Italian architects A. Spezza and N. Sebregondi) combined elements of
the Late Renaissance with those of the Early Baroque. He also hired the most renowned artists
to participate on the art works and decoration of the palace. This resulted in the first Baroque
palace complex in Prague which became a really representative and up to date as for fashion
seat of Albrecht Wallenstein. By this palace the idea of Wallenstein to express his power and
glory by building a magnificent palace whose size and decoration even surpassed those of the
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Prague Castle, was fulfilled.

To imagine the size of the Wallenstein Palace consider the fact that Wallenstein purchased
twenty three houses, three gardens and the municipal brick-kiln to gain the place for his palace.
The palace complex has a perimeter of almost 750 meters. It is completely separated from the
outside world by walls and concentrated around a landscaped garden and five courtyards. The
huge garden is famous for its monumental Baroque Sala Terrena with three open arches as well
as for a number of bronze statues of ancient gods by Adriano de Vries. As for the palace rooms,
the most famous place there is the Main Hall. This hall reaches to the height of two floors and
its dimensions are further enlarged optically by mirror windows.

The Wallenstein Palace is nowadays the seat of the Senate of the Parliament of the Czech
Republic.

How to get there:
The entrance to the Wallenstein Palace is from the Wallenstein Square which you can reach
within five minutes walk either from tram and underground station Malostranská or from tram
station on the Lesser Town Square (Malostranské náměstí) - see map ‘Prague Castle and Wal-
lenstein Palace neighborhood’.
Special tram will depart from the Pyramida Hotel to the Malostranská station on Monday af-
ternoon to facilitate FQMT’24 participants transfer. Exact departure time will be announced
during the Conference.
Stops Malostranská or Malostranské náměstí can also be reached from the Pyramida Hotel by
tram No. 22 (23) - 5th or 6th stop.
Alternatively, you can get to the Wallenstein Palace directly from the Pyramida Hotel within
30-40 minutes of a nice walk - see maps ‘Pyramida Hotel - access and nearest neighborhood’
and ‘Prague Castle and Wallenstein Palace neighborhood’.

Church of Our Lady before Týn

The Church of Our Lady before Týn (Týn Church) is located in Prague’s Old Town near the
Old Town Square. Its construction took place from the middle of the 14th century to the first
decades of the 16th century. It is one of the most artistically important churches in Prague,
both in terms of architecture and its preserved interior furnishings. Its western facade facing
the square is one of the most famous landmarks of Prague.

The Church of Our Lady before Týn really features rare works of art: e.g. the Gothic Passion
motifs on the north portal, the altar paintings by the Baroque painter Karel Škréta, the unique
Renaissance tombstone of the astronomer Tycho de Brahe, and the rare organ. The Týn organ
was built in 1673 by Johann Heinrich Mundt. It is the oldest working organ in Prague; thanks
to sensitive reconstruction it has been preserved in its original Baroque form. Their authentic
sound can be heard on numerous recordings and in the classical music concerts that are held in
Týn Cathedral.

How to get there:
The Church of Our Lady before Týn is situated in the Prague Old Town and its entrance can
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be reached from the Old Town Square (see also map ‘Prague Center’).

Special tramwill depart from the Pyramida Hotel to a suitable tram stop to facilitate FQMT’24
participants transfer.
The church can also be reached from the Pyramida Hotel by public transport and a 15-20
minute walk. First take tram No. 22 or 23 to the Malostranská stop. From this stop, you can
cross the Vltava River on the Mánes Bridge in 6-8 minutes on foot. At the end of the bridge
you will reach the Jan Palach Square (Náměstí Jana Palacha). Alternatively, you can cross
the river by tram No. 2 or No. 18 or by metro (line A) (from Malostranská to Staroměstská
stations). On the right hand side of the Jan Palach Square, continue along Kaprova Street
(roughly perpendicular to the river) to the Old Town Square (Staroměstské náměstí). When
you reach the central part of the square (within about 8-10 minutes), you can easily identify
the Church of Our Lady before Týn with two almost identical tall Gothic towers and behind a
group of two houses. The entrance to the church is in one of these houses - you will be guided
from the area in front of the houses.

Břevnov Monastery

The BřevnovMonastery (Břevnovský klášter) was founded as the first monastery in Bohemia
by Prince Boleslav II and Saint Adalbert (Vojtěch) of the Slavnik dynasty, Bishop of Prague
already in 993 AD. Themonastery was built amidst forests, at the source of the Brusnice stream
and on a road leading westwards from Prague. For centuries there was only a small settlement
around the monastery which was later on surrounded by farms. This Benedictine monastery,
however, played the decisive role for the spreading of culture and art in Czech Lands.

The oldest parts of the monastery date back to the 10th century. In 1964 the Pre-Romanesque
crypt (open nowadays to the public) of the original 10th century church was discovered below
the choir of the present St. Margaret Church. Neither the Romanesque nor the Gothic buildings
of the monastery survived. From the 15th century on, the monastery was in a state of poverty
for three centuries. During 18th century it was largely rebuilt in the Baroque style.

Most of the Monastery’s present day buildings are dated from 1708 to 1745 and were built in
Baroque style by Christoph Dientzenhofer. The same architect also erected the Church of St.
Margaret, which is considered to be one of the most remarkable works of Czech Baroque archi-
tecture. The presbytery of the church was built by Christoph’s son, Kilian Ignaz Dientzenhofer,
architect of many important Baroque churches and palaces of Prague. The altarpieces are the
work of Peter Brandl, one of the best Czech painters of high Baroque era.

The interiors of the Břevnov Monastery are decorated by valuable paintings; e.g. in the former
ceremonial hall of themonastery, nowadays called TheresianHall, there is a ceiling painting the
Miracle of the Blessed Gunther painted by Kosmas Damian Asam of Bavaria in 1727. This is
one of the best preserved ceiling paintings in Prague. The entrance to the monastery is through
the ornamented main gateway built by Kilian Ignaz Dientzenhofer in 1740 and decorated with
a statue of St. Benedictine. The main building of the monastery complex can be reached then
by crossing a large courtyard.

Behind the monastery is situated its large Baroque garden. At its gate is a nice Baroque pavilion
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called Vojtěška with a chapel above a well which marks the spot where Prince Boleslav and
Bishop Vojtěch are supposed to have met and decided to build the Břevnov Monastery.

How to get there:
Special tram will depart from the Pyramida Hotel to the Břevnovský klášter stop on Friday
afternoon to facilitate FQMT’24 participants transfer. Exact departure time will be announced
during the Conference.
For those who will use an individual transfer, (see also map ‘Pyramida Hotel neighborhood’):
The best way from the Pyramida Hotel is to use tram No. 22 or No. 25 (starting up along the
Bělohorská street) and reach the Břevnovský klášter stop (4th stop, about 5 minutes). From
this stop walk right with respect to the direction in which the tram arrived, cross a wide road
(Patočkova street). From here you will see the monastery entrance within about 100 m dis-
tance.
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