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Preface
FQMT’26 is a follow­up to the ten 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, FQMT’22, and FQMT’24). For the details of
their programs and the history of the FQMTconferences see thewwwpages https://fqmt.fzu.cz/.

The FQMT’26 conference will be mainly focused on Non­equilibrium and Many­body
phenomena; Physics of information; Foundations of quantum physics; and Open quantum,
Mesoscopic, Biological, and Gravitational systems.

Recent advances in technologies have led to an enormous boost in the possibility to create
new, well­defined structures, including, e.g., neural networks or organoids, measurements,
simulations, sensors, imaging and observation techniques at microscopic, mesoscopic and
macroscopic scales. At the same time, various methods allow us to investigate not only equilib­
rium 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
subtle details of the dynamics of systems yields new versions of old questions and creates new
challenges in many fields of physics.

The present FQMT’26 program will thus be concentrated on a better understanding of the
behavior of quantum systems out of equilibrium, on conceptual and experimental challenges
of non­equilibrium statistical physics, quantummany body physics, quantum thermodynamics,
quantum optics, physics of quantum information, biophysics, foundations of quantummechan­
ics, and quantum field theory. Subjects from astrophysics, gravitation or cosmology related to
the above scope will also be included. 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 non­equilibrium quantum systems, physics of quantum information
and manifestation of quantum effects in biological systems.

Special session on foundations of quantum physics to be held on Monday afternoon will
be dedicated to the memory of Luis de la Peña, an exceptional Mexican theoretical physicist,
who was regularly attending the FQMT conferences. Luis passed away 17 May 2026.

The second special session on Thursday evening will be dedicated to the memory of An­
thony J. Leggett, an exceptional British­American theoretical physicist. Tony (as hewas known
by his friends) served repeatedly on the FQMT scientific committee, participated at the very
first FQMT conference in 2004 and delivered on this occasion the very first of many FQMT
conferences public lectures. Tony passed away 8 March 2026.

Following the tradition of the FQMT conferences, FQMT’26 will bring together a unique
combination of both young and experienced scientists across a broad disciplinary spectrum
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 FQMT’26 topics as defined above,
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’26 is to create a bridge between
the fields of non­equilibrium 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 28)
there will be two public lectures accompanied by a concert. The evening will start with a lecture
by Philippe Grangier “Quantum Mechanics: from Fundamental Principles to Technological
Revolutions”. To expand a similar successful arrangement from FQMT’24, the second part of
the evening will be devoted to jazz music: first, in the lecture by Bob Montgomery and Allen
M. Hermann “How Jazz Musicians Use Improvisation in Communicating with Each Other and
with the Audience” and then in the jazz concert of Allen M. Hermann and his Czech musician
friends.

On Thursday (July 30) evening, there will be the next exceptional lecture “Macroscopic
quantum phenomena and related matters: A brief history and the Nobel Prize in Physics 2025”
by Amir O. Caldeira. The public lecture will be introduced by a talk “Remembering Tony
Leggett” by Fernando Sols and followed by the concert of classical music.

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’26
program will altogether feature one concert of jazz music and three concerts of classical music
performed by world­class musicians; two of them will be held in exceptionally outstanding
venues of the city, in the St. Nicholas Church, the most famous Baroque church in Prague and
in the beautiful Baroque church of the BřevnovMonastery. Both the scientific program and the
musical program are intended as a complement to one another, where scientists and musicians
are encouraged to mingle and share their knowledge and experience.

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’26 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’26
Dr. Václav Špička
Institute of Physics, Czech Academy of Sciences
Cukrovarnická 10, CZ­162 00 Praha 6, Czech Republic
E­mail: fqmt@fzu.cz
Phone: (+420) 220 318 446
Mobile: +420 777 326 724
WWW: https://fqmt.fzu.cz/26/

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

Conference sites
The FQMT’26 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 6­Břevnov, phone: +420 233 102 111

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

Concert will take place at:
St. Nicholas Church at the Lesser Town
address: Staroměstské náměstí, Praha 1­Staré Město

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

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 x­rays
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 public lectures,
jazz concert and one of the classical concerts 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’26 participants, e.g., study room on
the first floor.

Posters
Poster session will be held on Thursday July 30, from 4:50 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 27

• Public lecture: Pyramida Hotel Lecture Hall A, Tuesday July 28
This early evening lecture will be given by Philippe Grangier.

• Public lecture: Pyramida Hotel Lecture Hall A, Tuesday July 28
This evening lecture will be given by Bob Montgomery and Allen M. Hermann.

• Jazz concert: Pyramida Hotel Lecture Hall A, Tuesday July 28

• Classical concert: St. Nicholas Church at Lesser Town, Wednesday July 29
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• Public lecture: Pyramida Hotel Lecture Hall A, Thursday July 30
The evening lecture will be given by Amir O. Caldeira.

• Classical concert: Pyramida Hotel Lecture Hall A, Thursday July 30

• Conference dinner: Břevnov Monastery, Friday July 31

• Classical music concert: St. Margaret Church of the Břevnov Monastery, Friday July 31

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 27 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 Břevnov Monastery.
Price: 75 EUR per person ­ tickets for this dinner will be available during the registration.
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PROGRAM

Sunday, 26 July 2026

17:00 – 21:00 Registration and welcome refreshment
Location: Pyramida Hotel ­ Lobby
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Monday, 27 July 2026

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

(chairperson: Václav Špička)

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

(chairperson: Uri Peskin)

08:20 – 08:50 Peter Hänggi: Quantum Brownian Motion: Facts, de­
batable issues and unsolved issues

08:50 – 09:20 Udo Seifert: Entropy production and its model­free in­
ference

09:20 – 09:50 Ronnie Kosloff: Quantum thermodynamics, Quantum
control, Quantum gates for open systems

09:50 – 10:10 Coffee break

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

(chairperson: Eric Akkermans)

10:10 – 10:40 Yuval Gefen: Quantum Cooling through Measurements
10:40 – 11:10 Jens Eisert: Probing thermodynamics and entangle­

ment with bosonic quantum simulators
11:10 – 11:40 Franco Nori:

online
A few recent results on superconducting
qubits: (1) one photon simultaneously ex­
citing two qubits; (2) strong coupling be­
tween a single photon and a two­photon
Fock state; and (3) Thouless pumping

11:40 – 12:10 Mohammad Ansari: Information Transport in Classical­
Quantum Hybrid System

12:10 – 13:00 Lunch

13:00 – 15:10 3 session ­ A parallel: Many body systems out of equilibrium
Location: Pyramida Hotel Lecture Hall A

(chairperson: Riku Tuovinen)

13:00 – 13:30 Branislav K. Nikolic: Driven­dissipative quantum spin systems:
Fate of their entanglement and the origins
of the classical Landau­Lifshitz equation

13:30 – 14:00 Michael Galperin: Green’s function methods for open molec­
ular systems

14:00 – 14:30 Jordan Horowitz: The geometry of nonequilibrium response
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14:30 – 14:50 Gabriele De Chiara: Nonclassical energy­change distribution
as a witness of non­Markovian quantum
dynamics

14:50 – 15:10 David Edward Bruschi: Toward Algebraic Quantum Control

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

(chairperson: Jens Eisert)

13:00 – 13:30 Saar Rahav: Information engines with self­propelling
particles

13:30 – 14:00 Alberto Imparato: Information engine fueled by first­
passage times

14:00 – 14:30 Henning Kirchberg: Optimizing Energy Conversion in
Feedback­Controlled Nano Processes:
Harnessing Time­Dependent Information

14:30 – 14:50 Soroush Khademi: Post­processed estimation of quantum
evolution

14:50 – 15:10 Jose Este Jaloveckas: Conditional Dynamics of a Dual­Rail
Qubit with Asymmetric Erasure Rates

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

(chairperson: Ernst Rasel)

13:00 – 13:30 Dana Z. Anderson: The Mechanics of Maxwell Matter Waves
13:30 – 14:00 Volker Deckert: Scale Effects in Plasmon­Enhanced Ra­

man Spectroscopy
14:00 – 14:30 Walter Pfeiffer: Impact of surface scattering on photoelec­

tron escape times
14:30 – 14:50 Fabio Pistolesi: Quantum Rabi Model in the slow Oscilla­

tor Regime
14:50 – 15:10 Thomas L. Schmidt: Fabry­Perot interferometry with stochas­

tic anyonic sources

15:10 – 15:30 Coffee break

15:30 – 18:00 4 session: Foundations of quantum physics, dedicated to the
memory of Luis de la Peña

Location: Pyramida Hotel Lecture Hall A
(chairperson: Theo Nieuwenhuizen)

15:30 – 16:00 Ana María Cetto: The vacuum electromagnetic field as the
source of atomic stability

16:00 – 16:30 Gregor Weihs: Quantum light sources for foundational
tests and quantum communication
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16:30 – 17:00 Marco Genovese: Single pair measurement of CHSH, neg­
ative probabilities and testing relativis­
tic independence through weak measure­
ments.

17:00 – 17:30 Philippe Grangier: Contextual unification of classical and
quantum physics

17:30 – 18:00 Hervé Zwirn: Are Events Absolute?

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, 28 July 2026

07:50 – 09:50 1 session: Quantum computing
Location: Pyramida Hotel Lecture Hall A

(chairperson: Mohammad Ansari)

07:50 – 08:20 Jian­wei Pan:
online

Quantum Network: quantum communica­
tion, computation, and metrology

08:20 – 08:50 Ralf Schuetzhold: Quantum Zeno effect versus adiabatic
quantum computing and quantum anneal­
ing

08:50 – 09:20 Alexia Auffèves: An energetic constraint for qubit­qubit
entanglement

09:20 – 09:50 Eric Akkermans: Topological sum rule for geometric
phases of quantum gates

09:50 – 10:10 Coffee break

10:10 – 12:10 2 session: Quantum thermodynamics, engines
Location: Pyramida Hotel Lecture Hall A

(chairperson: Ronnie Kosloff)

10:10 – 10:40 Gershon Kurizki: From Nonlinear to Linear Control of
Quantum Information and Thermody­
namics

10:40 – 11:10 Eric Lutz: Combining energy efficiency and quan­
tum advantage in cyclic machines

11:10 – 11:40 Mikko Möttönen: Autonomous Quantum Heat Engine
11:40 – 12:10 Oren Tal: Molecular Archimedean Screw: A torque

transfer molecular machine

12:10 – 13:00 Lunch

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

(chairperson: Oren Tal)

13:00 – 13:30 Linda Reichl: Entanglement Propagation in quantum
dots

13:30 – 14:00 Leo Kouwenhoven: Experiments on Kitaev chains in
nanowires

14:00 – 14:30 Alexandre Zagoskin: Dissipative and nondissipative quantum
circuit elements

14:30 – 14:50 Alessandro Braggio: Quantum bipolar thermoelectricity
14:50 – 15:10 Efrat Shimshoni: Striped Spin Density Wave in a

Graphene/Black Phosphorous Het­
erostructure
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13:00 – 15:10 3 session ­ B parallel: Quantum thermodynamics and transport
Location: Pyramida Hotel Lecture Hall B

(chairperson: Saar Rahav)

13:00 – 13:30 Mauro Antezza: Kapitza­like Modulation of Near­Field
Radiative Heat Transfer

13:30 – 14:00 Doron Cohen: Quantum measurement of work in meso­
scopic systems

14:00 – 14:20 Carsten Henkel: Mesoscopic models for electromagnetic
fluctuations in and near conducting me­
dia

14:20 – 14:40 Mateusz Wiśniewski: Fast directed transport via energy recu­
peration in non­Markovian media

13:00 – 15:10 3 session ­ C parallel: Quantum many body systems
Location: Pyramida Hotel Lecture Hall C

(chairperson: Stefan Nimmrichter)

13:00 – 13:30 Nir Navon: Emergence of Fermi’s Golden Rule in a
Quantum Many­body System

13:30 – 14:00 Frédéric Chevy: AC transport in ultracold Fermi gases.
14:00 – 14:30 Joseph Maciejko: Topological Landau theory
14:30 – 14:50 Alexander Shnirman: Emergence of multiple zero modes bound

to vortices in extended topological
Josephson junctions

14:50 – 15:10 Peter D. Keefe:
online

Phun with Phase Transions of the Quan­
tum Mechanical Kind

15:10 – 15:30 Coffee break

15:30 – 17:00 4 session: Information, classical and quantum dynamics
Location: Pyramida Hotel Lecture Hall A

(chairperson: Doron Cohen)

15:30 – 16:00 Igor M. Sokolov: Langevin equations with multiplicative
noise: The mathematics, physics, and
thermodynamics of interpretation.

16:00 – 16:30 Thiago Rodrigues de
Oliveira:

Emergence of Classicality from Equili­
bration in Isolated Quantum Systems

16:30 – 17:00 Tapio Ala­Nissilä: TheMagic in QuantumMachine Learning

18:15 – 22:00 Evening session: Public lectures of Philippe Grangier and Allen
Hermann followed by jazz concert

Location: Pyramida Hotel Lecture Hall A
(chairperson: Václav Špička)

18:15 – 18:30 Opening address
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18:30 – 19:20 Public lecture:
18:30 – 19:20 Philippe Grangier: Quantum Mechanics: from Fundamen­

tal Principles to Technological Revolu­
tions

19:20 – 19:30 Discussion after the lecture of Philippe Grangier

19:30 – 19:45 Break
19:45 – 20:35 Public lecture:
19:45 – 20:35 Allen Hermann: How Jazz Musicians Use Improvisation

in Communicating with Each Other and
with the Audience

20:35 – 20:45 Disscusion after the lecture of Allen Hermann

20:45 – 21:00 Break
21:00 – 22:00 Jazz concert
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Wednesday, 29 July 2026

07:50 – 09:50 1 session: Quantum optics, superfluids out of equilibrium
Location: Pyramida Hotel Lecture Hall A

(chairperson: Nir Navon)

07:50 – 08:20 Ortwin Hess: OpenQuantumDynamics andDissipative
State Selection in Nanoplasmonic Cavi­
ties

08:20 – 08:50 Ernst Maria Rasel: Interferometry with Bose­Einstein con­
densates in extended free fall

08:50 – 09:20 Vanderlei S Bagnato: Stages of the relaxation for a far­from­
equilibrium trapped superfluid

09:20 – 09:50 Peter McClintock: Creation of quantised vortices at amoving
surface in superfluid 4He

09:50 – 10:10 Coffee break

10:10 – 12:10 2 session: Quantum systems out of equilibrium
Location: Pyramida Hotel Lecture Hall A

(chairperson: Jürgen Stockburger)

10:10 – 10:40 Mark Dykman: TheMany Faces of QuantumFluctuations
in Driven Vibrational Systems

10:40 – 11:10 Joachim Ankerhold: Dynamics of Open Quantum Systems Re­
visited: From Non­Markovianity to Effi­
cient Many­body Simulations

11:10 – 11:40 Michael Thoss: Quantum dynamics and thermodynamics
using the hierarchical equations of motion
method

11:40 – 12:10 Uri Peskin: Boltzmann subspaces and temperatures in
systems driven far from equilibrium

12:10 – 13:00 Lunch

13:00 – 14:40 3 session ­ A parallel: Quantum dynamics, spin systems
Location: Pyramida Hotel Lecture Hall A

(chairperson: Alexander Shnirman)

13:00 – 13:30 Christoph Bruder: Nonreciprocal synchronization of active
quantum spins

13:30 – 14:00 Thierry Martin: Anyon braiding, Fractional Charge, scal­
ing dimension, and statistical angle in the
fractional quantum Hall effect

14:00 – 14:20 Ephraim Shahmoon: Quantum states and phases underlying
collective dissipation phenomena
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14:20 – 14:40 David Gelbwaser­
Klimovsky:
online

Physical requirements for anomalous
thermalization (Mpemba effect)

13:00 – 14:40 3 session ­ B parallel: Biophysics
Location: Pyramida Hotel Lecture Hall B

(chairperson: Peter Schmitteckert)

13:00 – 13:30 Stefan Klumpp: Stochastic dynamics of molecular motors
and filaments

13:30 – 14:00 Thomas Vojta: Reflected fractional Brownian motion as
model of serotonergic axons in the brain

14:00 – 14:20 Václav Špička: Formation of action potential in neuron
and the quantum diffusion of somatic ions

14:20 – 14:40 Lev Mourokh: Vitacrystallography: X­ray diffraction of
biological tissues for cancer detection

13:00 – 14:40 3 session ­ C parallel: Quantum information
Location: Pyramida Hotel Lecture Hall C

(chairperson: Henning Kirchberg)

13:00 – 13:30 Eliahu Cohen: Information Flow in Quantum Algo­
rithms: Structure and Optimization

13:30 – 14:00 Matthias Zimmermann: Advanced Quantum Networks ­ Future
Applications and Technology Demonstra­
tions

14:00 – 14:20 Sergii Strelchuk:
online

The Power of Power­of­SWAP: Postse­
lected QuantumComputation with the Ex­
change Interaction

14:20 – 14:40 Sergey N. Shevchenko:
online

Quantum capacitances and resistances of
electron boxes and transistors

14:40 – 15:00 Coffee break

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

(chairperson: Thomas Vojta)

15:00 – 15:30 Ofer Biham: First return processes on random net­
works

15:30 – 16:00 Eytan Katzav: Structural Phase Transitions in Evolving
Networks Under Different Node­Deletion
Mechanisms

16:00 – 16:30 Ivan Rungger: pyTTN: A tree tensor network based open­
source toolbox for open and closed system
quantum dynamics simulations and its ap­
plication in quantum algorithms
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16:30 – 16:50 George E. A. Matsas:
online

A gravitational self­decoherence model
and a gentle recovery of the classical
world

15:00 – 17:10 4 session ­ B parallel: Foundations of quantum physics
Location: Pyramida Hotel Lecture Hall B

(chairperson: Gregor Weihs)

15:00 – 15:30 Gianluca Rastelli : Magnetically Levitated Systems Ap­
proaching the Quantum Regime

15:30 – 16:00 Yutaka Shikano: Judea Pearl Meets Yakir Aharonov in
Wheeler’s Delayed­Choice Experiment

16:00 – 16:30 Stefan Gerlich: A New Frontier in Matter­Wave Interfer­
ometry: From Large Metal Clusters to
Biomolecules

16:30 – 16:50 Masanao Ozawa: Value Reproducibility and Intersubjectiv­
ity of Quantum Measurements based on
Quantum Perfect Correlations

16:50 – 17:10 Lorenzo Maccone: Tight Entropic Uncertainty Relations

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

(chairperson: Konstantin Beyer)

15:00 – 15:30 Denys I Bondar: Alchemy as an optical problem: Theory
and Experiments

15:30 – 16:00 Julia Liebert: Operational impact of quantum resources
in chemical dynamics

16:00 – 16:30 Daniel M Dantchev: Contradictory predictions for the Casimir
force under Dirichlet­Neumann boundary
conditions: Gaussian versus mean­field
model

16:30 – 16:50 Jiří J. Mareš: Note on the so­called “big G puzzle”
16:50 – 17:10 Dalibor Štys: Point information gain entropy density,

and an ideal image from light microscopy

17:10 – 19:00 Free time and transfer to the Church of Saint Nicholas
19:00 – 20:00 Concert of classical music

Location: Church of Saint Nicholas
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Thursday, 30 July 2026

07:50 – 09:50 1 session: General physics
Location: Pyramida Hotel Lecture Hall A

(chairperson: Ralf Schuetzhold)

07:50 – 08:20 Ron Folman: Experiments at the interface of general
relativity and quantum mechanics

08:20 – 08:50 Joan Alfina Vaccaro: The quantum theory of time: Emergence
of Lorentz invariance

08:50 – 09:20 Bei­Lok Hu: Vacuum Viscosity
09:20 – 09:50 Michael Prouza: Sources, Frequency Bands, and Instru­

ments: An Overview of Existing and
Planned Gravitational­Wave Detectors
with a Focus on the Einstein Telescope

09:50 – 10:10 Coffee break

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

(chairperson: John Bush)

10:10 – 10:40 Georgi Gary Rozenman: Aharonov­Bohm, Kennard Phase, and
Three­Slit Dynamics in Pilot­Wave Hy­
drodynamics

10:40 – 11:10 Stefan Nimmrichter: Electron­enabled Nanoparticle Diffrac­
tion

11:10 – 11:40 Nadav Katz: Measuring in the dark ­ classical and
quantum results

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

Quantum Jumps in Amplitude Bistability:
Tracking a Coherent and Invertible State
Localization

10:10 – 12:10 2 session ­ B parallel: Many body systems, dynamics, spins
Location: Pyramida Hotel Lecture Hall B

(chairperson: Branislav Nikolic)

10:10 – 10:40 Jaroslav Fabian: Correlations and spins in 2D materials
10:40 – 11:10 David Santiago Quevedo: Out­of­equilibrium stochastic dynamics

in power­law viscoelastic and non­Ohmic
thermal environments

11:10 – 11:40 Elisabetta Paladino: Circuit Quantum Electrodynamics with
two­dimensional material­based Joseph­
son Junctions

11:40 – 12:10 Yasuhiro Utsumi: Network analysis for steady­state current
fluctuations in the presence of finite affin­
ity
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10:10 – 12:10 2 session ­ C parallel: Quantum optics and dynamics
Location: Pyramida Hotel Lecture Hall C

(chairperson: Fabio Pistolesi)

10:10 – 10:40 Peter Samuelsson: Lindblad master equation for deep strong
coupling regime of the quantum Rabi
model

10:40 – 11:10 Paolo Piergentili:
online

Radio frequency to optical transducer
based on a soft­clamped membrane

11:10 – 11:40 Ievgen Arkhipov: Controlling Chiral State Dynamics
in Multiqubit and Multimode Non­
Hermitian Systems

11:40 – 12:10 Oleh V. Ivakhneko:
online

Fast Nonadiabatic Gates for Quantum
Signal Processing via Landau­Zener­
Stückelberg­Majorana interferometry

12:10 – 13:00 Lunch

13:00 – 14:30 3 session: Quantum optics, cold atoms
Location: Pyramida Hotel Lecture Hall A

(chairperson: Dana Anderson)

13:00 – 13:30 Aephraim Matthew Stein­
berg:

The Private Lives of Photons: Asking par­
ticles where they spent the night

13:30 – 14:00 Frank A. Narducci:
online

Sensitivity functions and phase scaling in
light­pulse atom interferometers

14:00 – 14:30 Jeremy R Armstrong: Finite Size Effects in LHY Droplets

14:30 – 14:50 Coffee break

14:50 – 16:50 4 session: General physics
Location: Pyramida Hotel Lecture Hall A

(chairperson: Joachim Ankerhold)

14:50 – 15:20 Andrew N. Jordan: Thermodynamics of Quantum Measure­
ment: Making tunneling particles and
vacuum fluctuations work

15:20 – 15:50 Shmuel Gurvitz: Time Delay in Tunneling Current and the
Tunneling Time

15:50 – 16:20 Eran Sela: Arrow of Time as an Order Parameter for
Measurement­Induced Phase Transitions

16:20 – 16:50 Fernando Sols: Hawking time crystals

16:50 – 18:40 Poster session and refreshment
Location: Pyramida hotel ­ first floor
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18:40 – 19:00 Free time

19:00 – 22:10 Evening session: Public lecture of Amir Caldeira and concert,
dedicated to the memory of Anthony J. Leggett

Location: Pyramida Hotel Lecture Hall A
(chairperson: Václav Špička)

19:00 – 19:10 Opening address
19:10 – 19:40 Fernando Sols: Remembering Tony Leggett
19:40 – 20:30 Public lecture:
19:40 – 20:30 Amir Ordacgi Caldeira: Macroscopic quantum phenomena and

related matters: A brief history and the
Nobel Prize in Physics 2025

20:30 – 20:40 Discussion after the lecture of Amir Caldeira

20:40 – 21:00 Break
21:00 – 22:10 Concert of classical music
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Friday, 31 July 2026

07:50 – 09:50 1 session: Biophysics
Location: Pyramida Hotel Lecture Hall A

(chairperson: Lev Mourokh)

07:50 – 08:20 Robert Hamilton Austin: Robert Dicke, Dicke Superfluoresence,
Hopfield Polaritons and Amide­I Pro­
tein alpha Helix Coherent 4­Wave Mixing
Gratings

08:20 – 08:50 Miguel Rubi: Molecular entropic forces and scaling
laws in chaperone­driven nanofilament
unbundling

08:50 – 09:20 Ralf Eichhorn: An artificial motor protein that walks
along a DNA track

09:20 – 09:50 Marc Tornow: What enables efficient long­range charge
transport across protein layers?

09:50 – 10:10 Coffee break

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

(chairperson: Ralf Eichhorn)

10:10 – 10:40 Peter Schmitteckert: NMR: From Strong­Correlation to Life
Sciences

10:40 – 11:10 Philip Hemmer: Toward entangled spins in nanodiamonds
for biosensing

11:10 – 11:40 Mirko Rossini: Charge transfer through DNA ­ A new
perspective from Human Genetics

11:40 – 12:10 Sabine Tornow: When Does a Quantum System Return?
Topology, Dark States, and Noise in Mon­
itored Dynamics

10:10 – 12:10 2 session ­ B parallel: Many body systems, dynamics, spins
Location: Pyramida Hotel Lecture Hall B

(chairperson: Linda Reichl)

10:10 – 10:40 Eugene Sukhorukov: Suppression of quantized heat flow by the
dielectric response of a compressible strip
at the quantum Hall edge

10:40 – 11:10 Cheolhee Han: Probing the structure of topological en­
tanglement via selective partitioning

11:10 – 11:40 Björn Sothmann: Single­spin flip dynamics in the Ising
model

11:40 – 12:10 Baptiste Lorent: Directionality emergence in 2D and 3D
quantum random Lorentz gases
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10:10 – 12:10 2 session ­ C parallel: Quantum computing
Location: Pyramida Hotel Lecture Hall C

(chairperson: Soroush Khademi)

10:10 – 10:40 Fabrizio Piacentini: Universal protection of quantum states
from decoherence

10:40 – 11:10 S. V. Polyakov: Phase stabilization for next­generation
long­distance quantum networks

11:10 – 11:40 Walter Hahn: Random layers for quantum optimal con­
trol with exponential expressivity

11:40 – 12:10 Evgenii Narimanov: Hyperbolic Quantum Processor

12:10 – 13:00 Lunch

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

(chairperson: Gianluca Rastelli)

13:00 – 13:30 Lajos Diósi: Theorem on vonNeumann entropy conjec­
tured from physics of irreversibility

13:30 – 14:00 Jonte R Hance: The Quantum Plumber’s Problem (or
Quantum Advantage in Interaction­Free
Interferometric Which­Path Discrimina­
tion)

14:00 – 14:30 Tjerk Oosterkamp: Time dilatations for collapse of massive
superpositions: An experimentalists view

14:30 – 14:50 Coffee break

14:50 – 16:50 4 session: Classical and quantum dynamics
Location: Pyramida Hotel Lecture Hall A

(chairperson: Branislav Nikolic)

14:50 – 15:20 Lea F Santos: Dissipation as a Resource: From Tran­
sient to Steady­State Chaos

15:20 – 15:50 Jorge G Hirsch: Superradiance, Chaos, and Thermaliza­
tion in Atom­Photon Systems

15:50 – 16:20 Riku Tuovinen: Nonequilibrium Transport and Thermo­
electricity in Open Quantum Systems

16:20 – 16:50 Jürgen T. Stockburger: Entropy augmentation in irreversible dy­
namics: A journey from epistemology to
numerical simulation.

16:50 – 18:00 Free time and transfer to Břevnov monastery
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18:00 – 23:00 Guided tour, conference dinner and concert
Location: Břevnov Monastery

18:00 – 18:30 Guided tour through Břevnov monastery
18:30 – 18:50 Welcome
18:50 – 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, 1 August 2026

08:20 – 09:50 1 session: General physics
Location: Pyramida Hotel Lecture Hall A

(chairperson: Saar Rahav)

08:20 – 08:50 John W. M. Bush: Pilot­wave hydrodynamics
08:50 – 09:20 Kuan­Hsun Chiang: Superconducting circuits as a platform for

experiments on open quantum systems
09:20 – 09:50 Victor Flambaum:

online
Nuclear clocks and search for new physics

09:50 – 10:10 Coffee break

10:10 – 12:10 2 session: Quantum systems out of equilibrium
Location: Pyramida Hotel Lecture Hall A

(chairperson: Sabine Tornow )

10:10 – 10:40 E.K.U. Gross:
online

Interplay of current­induced forces and
electronic friction in nanoscale junctions
far from equilibrium

10:40 – 11:10 Konstantin Beyer: From Non­Markovianity to the Quantum­
ness of Gravitational Dynamics

11:10 – 11:40 Pawel Danielewicz: Deblurring of Nuclear Collisions
11:40 – 12:10 Declan Mulhall: Simple Quantum­Chaotic toy system

mimic a range of real nuclear phenom­
ena.

12:10 – 13:00 Lunch

13:00 – 15:30 3 session: Quantum physics and gravity
Location: Pyramida Hotel Lecture Hall A

(chairperson: Andrew Jordan)

13:00 – 13:30 Marlan Scully:
online

Quantum optics in curved spacetime:
Surprises and insights

13:30 – 14:00 James Freericks: Revisiting the classical­quantum corre­
spondence

14:00 – 14:30 Hartmut Abele: Gravity Resonance Spectroscopy
14:30 – 15:00 Theo M. Nieuwenhuizen: Nonlocality in General Relativity: Amiss­

ing link in Einstein’s quest for a unified
field theory
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15:00 – 15:30 Closing remarks
Location: Pyramida Hotel Lecture Hall A

(chairperson: Peter Keefe)
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Public Lectures
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Thu, 30 July, 19:40 - 20:30, Public lecture L1

Macroscopic quantum phenomena and related matters: A brief history
and the Nobel Prize in Physics 2025

Amir Ordacgi Caldeira

Universidade Estadual de Campinas, Rua Sergio Buarque de Holanda 777, Cidade
Universitária, Campinas, 13083­859, Brazil

It is my intention in this talk to present a chronological overview of the development of the
basic ideas of what is nowadays called macroscopic quantum phenomena, show where to find
and study them.

I shall approach the problem by introducing a few quantummechanical phenomena through
very simple examples accessible to a lay audience. Next I will extend them to mesoscopic su­
perconducting devices ­ the SQUIDs and CBJJs ­ which act as “giant atoms”, where effects
such as the quantization of energy, and quantum mechanical tunneling of a macroscopic vari­
able take place. I shall further discuss the implications of these quantum phenomena, and the
unavoidable influences to which they are subject such as, for example, the presence of dis­
sipative effects. Actually, these systems have become the paradigm of the area of quantum
dissipation.

Then, I shall present the experimental results which indisputably prove the existence of
macroscopic quantum phenomena in superconducting devices, namely the pioneering mea­
surements of J. Clarke, M. Devoret, and J. Martinis in the mid 1980s for which they were
awarded the Nobel Prize in Physics in 2025.

Finally, I shall mention other possible examples of these phenomena in condensed matter
physics, their potential applications, and even impact on the foundations of quantum mechan­
ics.
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Tue, 28 July, 18:30 - 19:20, Public lecture L2

Quantum Mechanics: from Fundamental Principles to Technological
Revolutions

Philippe Grangier

Institut d’Optique / CNRS, Université Paris­Saclay, Palaiseau, France

In this talk I will present experimental properties of quantum light, as an illustration of the fun­
damental rules of quantum mechanics: superposition, interferences, and entanglement. Em­
phasis will be given to experimental tests of Bell’s inequalities, that lead to the 2022Nobel Prize
in physics attributed to Aspect, Clauser and Zeilinger. This result opened the way to Quantum
Technologies, and as an example I will present and discuss quantum simulators based on arrays
of interacting trapped single atoms.
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Tue, 28 July, 19:45 - 20:35, Public lecture L3

How Jazz Musicians Use Improvisation in Communicating with Each
Other and with the Audience

Bob Montgomery and Allen Hermann

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

This presentation explores how jazz musicians use improvisation to communicate with each
other and with the audience. Unlike orchestral music, which is written in advance, jazz im­
provisation involves creating music spontaneously. The presenters demonstrate this process
through short solos supported by a rhythm section consisting of piano, bass, and drums. Soloists
create melodies that fit the chords and rhythm being played, forming a musical “story” that lis­
teners can follow and remember.

The presentation also explains how musicians choose notes that sound consistent with the
musical background, introducing basic ideas of Western scales and chords. Audience members
are invited to participate by singing melodies that fit the music heard from the rhythm section,
allowing them to experience musical improvisation firsthand.

As the session progresses, the musicians perform longer and more complex improvisa­
tions to demonstrate musical conversation and interaction. The presenters also show how jazz
musicians use hand signals and brief verbal cues to guide performances and strengthen commu­
nication during improvisation. Overall, the presentation highlights improvisation as a creative
and interactive form of communication between musicians and audiences.
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Sat, 1 August, 14:00 - 14:30, 3 session T1

Gravity Resonance Spectroscopy

Hartmut Abele

TU Wien, Atominstitut, Stadionallee, Wien, Austria
ILL, Grenoble

University of Vienna

We present a resonant spectroscopy technique that induces transitions between the quantum
states of a reflected neutron in the Earth’s gravitational field. This technique has applications
ranging from studying gravitation and related cosmological problems, such as dark matter and
dark energy, to developing quantum computers. The object of study is a quantum mechanical
wave packet of an ultra­cold neutron. The new method extends Purcell, Rabi, and Ramsey
techniques to neutron quantum states in the Earth’s gravitational field. This technique is called
Gravity Resonance Spectroscopy (GRS), similar toMagnetic Resonance Spectroscopy (MRS).
In this technique, a neutron is placed on a reflecting mirror in the Earth’s gravitational poten­
tial, and transitions between gravitational quantum states are induced by applying mechanical
oscillations to the mirror at the proper transition frequency. In the MRS technique, an atom,
molecule, or nucleus with a magnetic moment is placed in an outer magnetic field, and tran­
sitions between magnetic Zeeman splittings are induced by applying proper radiofrequency
oscillations. We observe resonant transitions between several of the lowest quantum states
for the first time. GRS’s strength lies in its independence from electromagnetic interactions.
Using neutrons as test particles bypasses the electromagnetic background induced by van der
Waals forces and other polarizability effects, providing a sensitivity several orders of magni­
tude higher than that of atoms.
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Tue, 28 July, 9:20 - 9:50, 1 session T2

Topological sum rule for geometric phases of quantum gates

Eric Akkermans1, Nadav Orion1, Nirron Miller2, and Boris Rotstein1

1Department of Physics, Technion­Israel Institute of Technology, Technion, Haifa, Israel
2Department of Physics, The University of Texas, Austin, Texas 78712

We establish a topological sum rule, νU = 1
2π

∑
n γn = 2mνH , connecting the geometric

phases accumulated by a two­qubit system over a complete basis of initial states to the winding
number νH classifying its Hamiltonian. Implementations of the same gate from different topo­
logical classes must distribute these phases differently, making their distinction measurable
through the Wootters concurrence. As a corollary, nontrivial topology is a necessary condition
for entanglement: only Hamiltonians with access to νH ̸= 0 can generate it.

This research was funded by the Israel Science Foundation Grant No. 772/21 and the Pazy
Foundation.
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Tue, 28 July, 16:30 - 17:00, 4 session T3

The Magic in Quantum Machine Learning

Tapio Ala­Nissilä

Department of Applied Physics, Aalto University, P.O. Box 15600, FIN­00250 Espoo, Finland
Interdisciplinary Centre for Mathematical Modelling and Department of Mathematical
Sciences, Loughborough University, Loughborough, Leicestershire LE11 3TU, United

Kingdom

The boundary between classically simulable and computationally superior quantum systems
is fundamental to identifying true quantum advantage. In this talk, we will first discuss our
recent work based on interacting non­Hermitian spin system defined on random graphs [1].
We show that the onset of the first exceptional point ­ marking the real­to­complex spectral
transition ­ also corresponds to an abrupt change in the system’s learning capacity. We further
demonstrate that this transition is controllable via local disorder and spin interactions strength,
thereby defining a tunable learnability threshold. Within the learning phase, the system exhibits
the key features required for memory­dependent reservoir computing. We further examine a
class of tunable N­qubit random circuit models with a combination of Clifford and nonstabi­
lizing gates [2]. We establish a direct correspondence between the reservoir’s performance on
temporal processing tasks and its entanglement spectrum statistics and long­range nonstabilizer
resource content. Our offer a general strategy for designing powerful and trainable quantum
machine learning systems and clarify the physical resources underpinning quantum computa­
tional advantage.

This work was supported by the European Union and the European Innovation Council
through the Horizon Europe project QRC­4­ESP (Grant Agreement No. 101129663), and EU
Horizon Europe Quest project (No. 10116088), and the Academy of Finland through its QTF
Center of Excellence program (Project No. 312298).

[1] Moein N. Ivaki, Austin J. Szuminsky, Achilleas Lazarides, Alexandre Zagoskin, Gerard
McCaul, Tapio Ala­Nissila, arXiv:2506.07676.

[2] Moein N. Ivaki, Matias Karjula, Tapio Ala­Nissila, arXiv:2510.18623.
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Mon, 27 July, 13:00 - 13:30, 3 session - C parallel T4

The Mechanics of Maxwell Matter Waves

Dana Z. Anderson1 and Katarzyna Krzyzanowska2

1Infleqtion and the JILA Institute at the University of Colorado, Boulder, USA
2Materials Physics and Applications Division, Los Alamos National Laboratory, USA

The understanding of circuits that involve ultracold atoms for sensing and other practical pur­
poses is very much a topic of quantum thermodynamics since, by definition, ultracold atoms
are governed by the laws of quantummechanics, while useful circuit behavior is a consequence
of a system that is in non­thermal equilibrium. The purpose of a circuit is generally to generate
and manipulate signals – that is, for example, time­varying currents that are some way mean­
ingful information bearers for the tasks at hand. Such signals explicitly involve, of course, AC
currents. The physics of alternating matter currents and associated matter waves is far richer
than one might expect from conceptually generalizing familiar single particle and many­body
treatments of matter waves. In earlier work we have shown that a gauge field treatment of
identical interacting through neutral particles (such as neutral atoms) leads to a set of matter­
wave duals to Maxwell’s equations. These, in turn lead to matter­wave duals to electromag­
netic waves which we refer to as “Maxwell matter waves” or simply as “AC matter waves”.
The objective of this talk is two­fold: first to present the mechanics of Maxwell matter waves
through a set of standard wave­propagation problems such as reflection from a potential step
and transmission through potential barriers. The behavior of Maxwell matter waves proves to
be dramatically different from the de Broglie (DC) waves described by Schrödinger’s equa­
tions. For example, AC matter waves will propagate through a barrier with high transmission
even when the corresponding particle energy is far less than the potential energy height of the
barrier. Likewise, a low­particle­energy AC matter wave will have transmission through a step
where a de Broglie wave is reflected with unit probability. The difference between AC and DC
is due to the temporal coherence of the former, which itself of the reflection of the fact that a
single­mode AC wave is characterized by two quantum numbers: the particle energy and the
oscillation frequency, rather than just the particle energy as the case with a de Broglie wave.
The other objective of this talk is to draw the connection between DC and AC, that is, between
solutions of the time­independent Schrödinger equation and solutions to the matter wave duals
to Maxwell’s equations. We show that DC matter waves are comprised of a superposition of
AC waves having a spectrum of oscillation frequencies. It is not the case that a DC wave cor­
responds to the limit in which the frequency of an AC wave goes to zero. Rather, an AC wave
corresponds to the limit in which the spectral width of a DC wave becomes zero. Finally, I will
give a brief peak at, and description of, how AC matter waves can be generated.
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Wed, 29 July, 10:40 - 11:10, 2 session T5

Dynamics of Open Quantum Systems Revisited: From
Non­Markovianity to Efficient Many­body Simulations

Meng Xu, Jürgen T Stockburger, and Joachim Ankerhold

Institute for Complex Quantum Systems, Ulm University, Albert­Einstein­Allee 11, 89069
Ulm, Germany

Recent advances in quantum technologies have triggered the need for highly accurate, versa­
tile, and computationally efficient simulation techniques for the dynamics of open quantum
systems. Long­lived system­reservoir correlation effects and the necessity for high precision
beyond the Born­Markov approximation form particular challenges. Approaches to meet these
challenges have been introduced, originating from different fields, such as hierarchical equa­
tions of motion, Lindblad­pseudomode formulas, chain­mapping approaches, quantum Brow­
nian motion master equations, stochastic unravelings, and refined quantum master equations.

This diversity, while indicative of the field’s relevance, has inadvertently led to a frag­
mentation that hinders cohesive advances and their effective cross­community application to
current problems for complex systems. How are different approaches related to each other?
What are their strengths and limitations? Here we give a systematic overview and concise
discussion addressing these questions. We make use of a unified framework [1] 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 formulated not in a fully reduced space of the
system but in an extended state space which in a minimal fashion includes effective reservoir
modes. This in turn offers on the one hand a comprehensive understanding of an entire class of
existing methods and on the other hand a very efficient and versatile platform for many­body
simulations with long­time stability [2­5].

[1] Meng Xu, V. Vadimov, J. T. Stockburger, and J. Ankerhold, Rev. Mod. Phys., Colloquium,
in press, doi.org/10.1103/w3nw­hbjc

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

[3] Meng Xu, J. T. Stockburger, and J. Ankerhold, J. Chem. Phys. 161, 124105 (2024)
[4] K. Nakamura and J. Ankerhold, Phys. Rev. Res. 6, 033215 (2024)
[5] K. Nakamura and J. Ankerhold, Phys. Rev. Res., in press, arXiv:2510.05872v1
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Mon, 27 July, 11:40 - 12:10, 2 session T6

Information Transport in Classical­Quantum Hybrid System

Mohammad Ansari

Forschungszentrum Jülich, Wilhelm­Johnen­Straße, 52428 Jülich, Germany

Key performance measures in quantum technology, such as fidelity, entanglement, and en­
tropy, are intrinsically nonlinear and therefore cannot generally be represented by standard
operator observables. Their time­dependent flow across a quantum device is consequently be­
yond the reach of conventional open­system descriptions. Multi­density­matrix extensions of
the Keldysh formalism have recently enabled consistent calculations of Rényi and von Neu­
mann entropy flows into a probe heat bath coupled to a quantum system mediating energy
transport among reservoirs. These studies revealed a strong suppression of entropy flow rela­
tive to standard open­system predictions, but were restricted to the hierarchy in which the probe
is the weakest­coupled reservoir. Here, we extend the formalism beyond this limit, treating
regimes where all system­bath couplings remain perturbative but the probe is no longer sin­
gled out as the weakest element. This brings entropy­flow theory closer to realistic hybrid
quantum­classical architectures. By deriving a generalized­density­matrix master equation,
we show that quantum­classical hybridization suppresses entropy flow and creates a thermo­
dynamic bottleneck. Our results provide a consistent thermodynamic framework for nonlin­
ear information measures in quantum devices and offer practical guidance for resource­aware
quantum­hardware design.
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Tue, 28 July, 13:00 - 13:30, 3 session - B parallel T7

Kapitza­like Modulation of Near­Field Radiative Heat Transfer

Mauro Antezza

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

Institut Universitaire de France, 1 rue Descartes, Paris Cedex 05 F­75231, France

We introduce [1] a Kapitza­like mechanism for the near­field radiative heat transfer and show
that fast modulation of any parameter controlling the flux, such as the vacuum gap or a ma­
terial response, produces a quadratic, time­averaged correction in the slow thermal dynamics.
This correction splits into a frequency­independent static term and a low­pass dynamical term,
yielding sizable modulation­induced temperature shifts andmodified effective thermal conduc­
tances that can stabilize or destabilize the steady state. Applying the theory to gap modulation
between SiC slabs, we derive analytical scaling laws and predict temperature shifts that are
fully measurable with existing experimental platforms. Our results establish a thermal ana­
logue of the Kapitza mechanism and provide a general route for controlling radiative heat flow
in micro­ and nanoscale platforms.

[1] Mauro Antezza, submitted (2025)
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Thu, 30 July, 11:10 - 11:40, 2 session - C parallel T8

Controlling Chiral State Dynamics in Multiqubit and Multimode
Non­Hermitian Systems

Ievgen Arkhipov

Palacky University, 17. listopadu 50A, Olomouc, Czech Republic

Non­Hermitian systems host exceptional points and other spectral singularities that give rise
to novel topological and dynamical effects, including both asymmetric and symmetric state­
switching regimes. However, the complex spectra of these systems often lead to instabilities
and breakdown of adiabaticity, limiting the ability to reliably access the desired state­transfer
mode. In this talk, we present strategies for effectively controlling both chiral and symmet­
ric switching dynamics in such setups. Specifically, we show that by appropriately design­
ing trajectories along which the evolution operator remains real, or by combining exceptional
points with diabolic points in the system spectrum, one can mitigate, or even completely elim­
inate, nonadiabatic transitions, thus enabling robust and controllable state transfer in multi­
qubit and/or multimode photonic systems. These findings open new avenues for topological
quantum information processing and advanced wave­manipulation protocols in non­Hermitian
platforms.
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Thu, 30 July, 14:00 - 14:30, 3 session T9

Finite Size Effects in LHY Droplets

Jeremy R Armstrong1, Neelam Shukla1, Oleks V Marchukov2, Bastien Humbert3, Jan Arlt3,
and Artem G Volosniev3

1University of Nebraska at Kearney, 2502 19th Ave, Kearney, NE 68849, USA
2Institute of Photonics, Leibniz University Hannover, Nienburger St 17, 30167 Hannover,

Germany
3Department of Physics and Astronomy, Aarhus University, DK­8000 Aarhus C, Denmark

Quantum droplets, stabilized by the Lee­Huang­Yang corrections, are governed by nonlin­
ear interaction of dimension­dependent power that differs from the mean­field interaction of
Bose­Einstein condensates. In this paper we investigate the superfluid properties of the quan­
tum droplets by simulating the emergence of a scissor mode in a three­dimensional quantum
droplet in a deformed harmonic oscillator after a rotational quench. We focus on the number
of atoms dependence of the mode frequency and compare it with Bose­Einstein condensates
and the analytical expression in the thermodynamic limit. We show that the finite size effects
are defined by the interaction exponent and characterize this dependence. Finally, we demon­
strate that the scissors mode frequency remains clearly identifiable even under strong quenches,
which should facilitate the experimental observation of our findings.

The authors acknowledge that this material is based upon work supported by the National
Science Foundation/EPSCoR RII Track­1: Emergent Quantum Materials and Technologies
(EQUATE), Award OIA­2044049. The research has been also supported in part by the Novo
Nordisk Foundation (grant reference number NNF25OC0102659) and support from theDanish
National Research Foundation through the Center of Excellence “CCQ” (DNRF152) and from
the Novo Nordisk Foundation NERD grant (Grant No. NNF22OC0075986).
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Tue, 28 July, 8:50 - 9:20, 1 session T10

An energetic constraint for qubit­qubit entanglement

Kiarn Travis Laverick1,2, Samyak Pratyush Prasad1,2, Pascale Senellart3, Maria Maffei4, and
Alexia Auffèves1,2

1MajuLab, CNRS­UCA­SU­NUS­NTU International Joint Research Laboratory
2Centre for Quantum Technologies, National University of Singapore, 117543 Singapore,

Singapore
3Université Paris­Saclay, Centre de Nanosciences et de Nanotechnologies, CNRS, 10

Boulevard Thomas Gobert, 91120, Palaiseau, France
4Université de Lorraine, CNRS, LPCT, F­54000 Nancy, France

We analyze qubit­qubit entanglement from an energetic perspective and reveal an energetic
trade­ off between quantum coherence and entanglement. We decompose each qubit internal
energy into a coherent and an incoherent component. The qubits’ coherent energies are max­
imal if the qubit­qubit state is pure and separable. They decrease as qubit­qubit entanglement
builds up under locally­ energy­preserving processes. This yields a “coherent energy deficit”
that we show is proportional to a well­knownmeasure of entanglement, the square concurrence.
In general, a qubit­qubit state can always be represented as a mixture of pure states. Then, the
coherent energy deficit splits into a quantum component, corresponding to the average square
concurrence of the pure states, and a classical one reflecting the mixedness of the joint state.
Minimizing the quantum deficit over the possible pure state decompositions yields the square
concurrence of the mixture. Our findings bring out new figures of merit to optimize and secure
entanglement generation and distribution under energetic constraints.

This project is supported by the National Research Founda­ tion, Singapore through the
National Quantum Office, hosted in A*STAR, under its Centre for Quantum Tech­ nologies
Funding Initiative (S24Q2d0009), and the Plan France 2030 through the projects NISQ2LSQ
(Grant ANR­22­PETQ­0006), OQuLus (Grant ANR­22­PETQ­ 0013), and OECQ through BPI
France.
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Fri, 31 July, 7:50 - 8:20, 1 session T11

Robert Dicke, Dicke Superfluoresence, Hopfield Polaritons and Amide­I
Protein alpha Helix Coherent 4­Wave Mixing Gratings

Robert Hamilton Austin1, Ramzi Khuri2, Trung Phan3, and Aihua Xie4

1Princeton University, 122 Jadwin Hall, Princeton, USA
2Baruch College, 55 Lexington Ave, New York, NY 10010

3Claremont Colleges, 925 N Mills Ave Claremont, CA 91711
4Oklahoma State University Stillwater, OK 74078

We will discuss quantum simple harmonic oscillators. Unlike collections of 2 level systems
which when illuminated at the resonance frequency ωo undergo Rabi flopping, that is periodic
population inversion, a truly linear simple harmonic oscillator cannot be inverted. Does all of
the remarkable physics of the Dicke super­fluorescence emission disappear for an ensemble of
quantum linear oscillators? The answer is no, but things are different. The answer is that there
remain fundamental mysteries in biology that seem be perhaps linked to coherent quantum
mechanics. No, don’t worry, we are not going down the Roger Penrose route of a possible
connection between human consciousness and quantum gravity via the spatial organization of
microtubules in tissue. Rather, we want to explore the possible dynamics of the α­helix motif
so common in protein structures, especially in G­protein receptors which span membranes in
cells, for a schematic of the G­protein receptor β­2 adrenergic receptor. What is notable in
these proteins is the remarkable ordering of the α­helix bundles. The question we will address
from a physics perspective is how binding of a ligand on the extracellular (top) side of the
G­protein receptor is communicated to the G­protein which is bound on the cellular side of the
complex, could there be some sort of a collective wave moving from one side to the other, via
the chain of hydrogen bonds?
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Wed, 29 July, 8:50 - 9:20, 1 session T12

Stages of the relaxation for a far­from­equilibrium trapped superfluid

Vanderlei S Bagnato1,2, Sarah Sab1, Michelle M Armijos1, Arnol G Orozco1, and Amilson
Fritch1

1IFSC ­ University of São Paulo ­ Sao Carlos SP ­ Brazil
2BME ­ Texas A&M ­ College Station ­ TX ­ USA

Understanding the initial conditions that drive many­body quantum systems out of equilibrium
is essential for getting into their thermalization dynamics. In this work [1,2,3], we identify
two excitation regimes that lead a trapped Bose­Einstein condensate into turbulence regime
evolving resulting in distinct final states. In the subcritical regime, the condensate partially
reemerges after turbulence, whereas in the supercritical regime it dissolves completely into
a thermal state. Despite these differences, both cases exhibit relaxation stages with common
features: a direct energy cascade, the emergence of a nonthermal fixed point (characterized by
identical scaling exponents), a prethermalization plateau, and eventual thermalization. Our re­
sults show that turbulence relaxation develops independently of the system’s initial conditions
or its ultimate state. At late times, both regimes display universal scaling dynamics consis­
tent with predictions from wave turbulence theory. Finally, by analyzing the time evolution of
the condensate’s momentum distribution center of mass, we demonstrate how kinetic­energy
dominance reflects the thermalized nature of the final states in each regime. The present re­
sults advance the field by showing that thermalization in far­from­equilibrium quantum sys­
tems follows universal relaxation dynamics, even when final states differ, thereby deepening
our understanding on time evolution of many body quantum system thermalization. We shall
present a new possible interpretation for the pre­thermatlization as well as an anlysis of the
construction of the coherent length during the last stage of thermalization of the system.

GURI, CRI, CPRIT­grant RR220054, FAPESP ­ CEPID program, INCT ­ CNPq

[1] M. A. Moreno­Armijos et al ­ Phys. Rev. Lett. 134. 023401 (2025)
[2] L. Madeira et al ­ Proc. Nat. Acad. Sci. ­ PNAS 121, 24044828121 (2024)
[3] A. D. Garcia­Orozco et al ­ Phys. Rev. A 106, 023314 (2022)
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Sat, 1 August, 10:40 - 11:10, 2 session T13

From Non­Markovianity to the Quantumness of Gravitational Dynamics

Konstantin Beyer1, M. S. Kim2, and Igor Pikovski1,3

1Department of Physics, Stevens Institute of Technology, 1 Castle Point Terrace, Hoboken, NJ
07030, USA

2Blackett Laboratory, Imperial College London, London, SW7 2AZ, United Kingdom
3Department of Physics, Stockholm University, Stockholm, Sweden

Non­Markovian dynamics in open quantum systems arise from memory effects due to the
coupling between a system and its environment. While such memory effects can often be
accounted for by purely classical mechanisms, certain dynamical signatures necessarily re­
quire the environment to store and return genuinely quantum information. In these cases, the
observed system dynamics alone certifies the quantumness of the environmental degrees of
freedom, without any detailed knowledge of their structure. Building on this idea, we con­
struct experimentally accessible witnesses for these signatures, based solely on measurements
of the probe system. We then show that this framework enables a one­sided verification of
the quantumness of gravitational dynamics, providing an alternative to the standard two­probe
proposals based on gravity­induced entanglement.

This work was supported by the NSF under award No. 2239498, NASA under award No.
80NSSC25K7051, the Sloan Foundation under award No. G­2023­21102, the UK EPSRC
through EP/Z53318X/1, EP/Y004752/1 and EP/W032643/1, the KIST through the Open In­
novation fund, and the National Research Foundation of Korea grant funded by the Korean
government (MSIT) (No. RS­2024­00413957).
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Wed, 29 July, 15:00 - 15:30, 4 session - A parallel T14

First return processes on random networks

Ofer Biham

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

First return (FR) processes in which a stochastic walker returns to its starting point for
the first time are fundamental for the understanding of diffusion and search dynamics. They
are the building blocks of all return dynamics ­ via renewal theory they generate the full return
statistics, and their distribution governs the mixing times of the system. On regular geometries,
such as the one­dimensional lattice, combinatorial methods yield closed­form expressions for
the return statistics, reflecting the underlying recurrence or transience. Extending these studies
to disordered landscapes such as those encountered in random networks, the distribution of
first return times reveals deep connections between structural features and dynamical behavior.
Their relevance to search processes stems from the fact that first return events determine both
the efficiency of exploration and the likelihood of redundant visits, thus providing key insights
into how quickly and thoroughly a walker can cover a given structure.

In this talk I will present analytical results for the distribution of first return (FR) times
of random walks (RWs) and on random networks. I will show that classical RWs exhibit two
types of FR trajectories: retroceding trajectories in which the RW retrocedes its own steps
backwards to the initial point and non­retroceding trajectories in which it returns via at least
one cycle [1]. While tree networks (such as the Bethe lattice) accomodate only retroceding
trajectories, general random networks such as the configuration model accomodate both. To
reveal the distinction between the two types of trajectories, I will present analytical results
for the distribution of FR times of non­backtracking walks (NBW’s), which exhibit only non­
retroceding trajectories [2]. These results provide useful insight on the advantages of NBWs
which scan the network faster and more efficiently than classical RWs. As a result, they are
exceptionally useful for network exploration, sampling procedures and search processes on
networks.

[1] I. Tishby, O. Biham, E. Katzav, Analytical results for the distribution of first return times
of random walks on random regular graphs, J. Phys. A 54, 325001 (2021).

[2] D. Lev­Ari, I. Tishby, O. Biham, E. Katzav and D Krapf, Analytical results for the dis­
tribution of first return times of non­backtracking random walks on configuration model
networks, J. Phys. A 58, 505002 (2025).
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Wed, 29 July, 15:00 - 15:30, 4 session - C parallel T15

Alchemy as an optical problem: Theory and Experiments

Denys I Bondar

Tulane University, Department of Physics & Engineering Physics, 2001 Percival Stern Hall,
New Orleans, USA

Using tracking quantum control, we theoretically unveiled an unexplored flexibility of non­
linear optics that a shaped laser pulse can drive a quantum system to emit light as if it were
an arbitrary different system [1, 2]. This realizes an aspect of the alchemist’s dream to make
different elements look alike, albeit for the duration of a laser pulse. We will show how this un­
explored flexibility of nonlinear optics opens new venues of investigation that include ultrafast
artificial intelligence [3], chemical mixture characterization, and broadband epsilon­near zero
(ENZ) materials with infinite phase velocity of light. Based on these theoretical insights, recent
experimental results will be presented, showing how water can be transformed into alcohol and
how ENZ materials can be dynamically created [5].

This work was supported by Army Research Office (ARO) grant W911NF­23­1­0288. The
views and conclusions contained in this document are those of the authors and should not be
interpreted as representing the official policies, either expressed or implied, of ARO, or the
U.S. Government. The U.S. Government is authorized to reproduce and distribute reprints for
Government purposes notwithstanding any copyright notation herein.

[1] A. G. Campos et al, Phys. Rev. Lett. 118 (2017) 083201.
[2] G. McCaul et al, Phys. Rev. Lett. 124 (2020) 183201.
[3] G. McCaul et al, Eur. Phys. J. Plus (2023) 138.
[4] G. McCaul et al, Phys. Rev. A 112 (2025) L011101.
[5] M. Runge et al, Phys. Rev. Lett. 134 (2025) 056901.
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Tue, 28 July, 14:30 - 14:50, 3 session - A parallel T16

Quantum bipolar thermoelectricity

Filippo Antola1, Giorgio De Simoni1, Francesco Giazotto1, and Alessandro Braggio1,2

1Istituto Nanoscienze – CNR, NEST­SNS, Piazza San Silvestro 12, Pisa, Italy
2Institute for Quantum Studies, Chapman University, Orange, CA, USA

Thermoelectricity is generally understood as a classical effect arising from energy­dependent
transport asymmetries [1]. Here [2], we uncover a purely quantum mechanism, where a su­
perconducting S­I­S’ tunnel junction in thermal equilibrium develops a nonlinear bipolar ther­
moelectric response owing to the dynamical Coulomb blockade[ and the emission­absorption
imbalance of a cold electromagnetic bath. In contrast to standard bipolar thermoelectricity [3],
generated by a strong thermal gradient within the junction, the quantum effect has the cold bath
given by the electromagnetic environment, and the junction is kept in equilibrium at a higher
temperature. The bipolar thermoelectric effect is given by spontaneous particle­hole symme­
try breaking induced by the interplay between interactions [4] and the temperature gradient,
and is experimentally demonstrated [5]. Here, however, the dynamical Coulomb blockade [6]
also plays a crucial role in mediating the environmental influence on the junction [2]. Two
representative environments are analyzed, revealing Seebeck coefficients up to 100 µV/K for
realistic junction parameters. Because the response directly reflects the spectral properties of
the surrounding environment, our results suggest that bipolar quantum thermoelectricity could
provide a new route for spectroscopic sensing of electromagnetic modes and for designing low­
temperature thermoelectric devices with environmentally engineered performance.

The funding from PNRR MUR project PE0000023­NQSTI, the MUR­PRIN2022 Project
NEThEQS (Grant No. 2022B9P8LN), the project “Thermoelectric effects in solid­state quan­
tum devices based onmultiterminal Josephson junctions” of the bilateral agreement CNR/CONICET
(Italy/Argentina) 2026­2027 and the CNR Project QTHERMONANO

[1] G. Benenti, G. Casati, K. Saito, and R. S. Whitney Phys. Rep. 694, 1 (2017).
[2] F. Antola, G. De Simoni, F. Giazotto and A. Braggio in press in NPJ Quantum Information

arXiv:2508.03219
[3] G. Marchegiani, A. Braggio, and F. Giazotto, Phys. Rev. Lett. 124, 106801 (2020).
[4] S. Battisti, G. De Simoni, L. Chirolli, A. Braggio, and F. Giazotto, Phys. Rev. Res. 6,

L012022 (2024).
[5] G. Germanese, F. Paolucci, G.Marchegiani, A. Braggio, and F Giazotto, Nat. Nanotechnol.

17, 1084 (2022).
[6] G.L. Ingold, and Y. V. Nazarov, In Single Charge Tunneling: Coulomb Blockade Phenom­

ena in Nanostructures edited by H. Grabert and M. H. Devoret, 21–107 (Springer, 1992).
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Nonreciprocal synchronization of active quantum spins

Christoph Bruder

Department of Physics, University of Basel, Klingelbergstr. 82, 4056 Basel, Switzerland

Active agents are capable of exerting nonreciprocal forces upon one another. For instance,
one agent, say A, may attract another agent B while B repels A. These antagonistic non­
reciprocal interactions have been extensively studied in classical systems, revealing a wealth
of exciting phenomena such as novel phase transitions and traveling­wave states. Whether
these phenomena can originate in quantum many­body systems is an open issue, and proposals
for their realization are lacking. In [1], we present a model of two species of quantum spins
that interact in an antagonistic nonreciprocal way of the attraction­repulsion type. We propose
an implementation based on two atomic ensembles coupled via chiral waveguides featuring
both braided and non­braided geometries. The spins are active due to the presence of local
gain, which allows them to synchronize. In the thermodynamic limit, we show that nonrecip­
rocal interactions result in a nonreciprocal phase transition to time­crystalline traveling­wave
states, associated with spontaneous breaking of parity­time symmetry. Remarkably, continu­
ous monitoring of the output field of the waveguides induces a quantum traveling­wave state: a
time­crystalline state of a finite­size quantum system, in which parity­time symmetry is spon­
taneously broken. Our work lays the foundation to explore nonreciprocal interactions in active
quantum matter.

In [2], we apply some of these ideas to superradiant lasers, which consist of incoherently
driven atoms coupled to a lossy cavity, are a promising source of coherent light due to their
stable frequency and superior narrow linewidth. We show that when a fraction of the atoms
is not driven, a shift in the lasing frequency and a broadening of the linewidth occur, limiting
the performance of a superradiant laser. We explain this behavior by identifying nonreciprocal
interactions between driven and undriven atoms, i.e., competing alignment and antialignment
of their dipoles. Our results have implications for the realization of superradiant lasers, estab­
lishing the relevance of nonreciprocal phenomena for quantum technologies.

Work done in collaboration with Tobias Nadolny, University of Basel, Switzerland, and
Matteo Brunelli, JEIP, UAR 3573 CNRS, Collège de France, PSL Research University, 11
Place Marcelin Berthelot, 75321 Paris Cedex 05, France.

[1] T. Nadolny, C. Bruder, and M. Brunelli, Phys. Rev. X 15, 011010 (2025).
[2] T. Nadolny, M. Brunelli, and C. Bruder, Phys. Rev. Lett. 134, 193603 (2025).
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Toward Algebraic Quantum Control

David Edward Bruschi

Institute for Quantum Computing Analytics (PGI­12), Forschungszentrum Jülich,
Wilhelm­Johnen­Straße, 52428 Jülich, Germany

The ability to exactly obtain the dynamics of a physical system is a core goal of most areas
of modern physics. Full knowledge of the state of a system at all times would be of greatest
advantage for a myriad of tasks of current interest, such as quantum simulation, computing,
and control. Quantum dynamics are characterized by the non­commutativity of operators in
the Hamiltonian, which in turn implies that analytical solution are, in general, impossible to
obtain. A standard way to approach this problem is to use of ad­hoc solutions or numerical
techniques. While this allows for a better understanding of the physical processes of interest,
such understanding remains only partial, and the question of how to obtain full control over
the dynamics remains open.

We introduce a novel approach to determine the dimensionality of a Hamiltonian Lie al­
gebra of interacting bosonic systems by appropriately classifying the space of its generating
terms, thereby dividing the space of arbitrary linear Hermitian operators into classes with a
meaningful physical interpretation. A first main result on the constraints that must be fulfilled
by Hamiltonians without drift in order for the Hamiltonian Lie algebra to be finite­dimensional
is obtained. Extension of this work to the classification of such algebras for one self­interacting
bosonic mode is also provided. A generalization of the main result for arbitrary modes is ob­
tained, thus tackling a wide range of physically­relevant scenarios. Our work has important
implications for theoretical (quantum) physics as well as the theory Lie algebras.
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Sat, 1 August, 8:20 - 8:50, 1 session T19

Pilot­wave hydrodynamics

John W. M. Bush

MIT, 77 Massachusetts Ave., Rm 2­446, Cambridge, USA

In 2005, Yves Couder discovered that millimetric droplets may self­propel along the sur­
face of a vibrating liquid bath, guided by their Faraday pilot­wave field. Subsequent stud­
ies have shown that these walking droplets exhibit features previously thought to be exclu­
sive to the quantum realm, including single­particle diffraction and interference, quantized
orbital states, probabilistic tunneling, statistical projection effects in corrals, Anderson local­
ization, interaction­free measurement and violations in static Bell tests [1]. The key feature of
the walking­droplet system is that it is non­Markovian: the bath serves as the memory of the
droplet, and all of its emergent quantum features arise in the long­memory limit where its wave
field is most persistent.

The walking­droplet system represents a macroscopic realization of the pilot­wave dy­
namics proposed for microscopic quantum particles by Louis de Broglie in his theory of the
double­solution. Both systems are characterized by two distinct wave forms, a monochromatic
pilot­wave field generated by the particle vibration, and an emergent wave form describing
the particle statistics. In each of the hydrodynamic analogs, the droplet’s bouncing frequency
plays the role of the particle’s Compton frequency in de Broglie’s mechanics, and the Fara­
day wavelength plays the role of the de Broglie wavelength in its quantum counterpart [2].
Experimental and theoretical explorations allow us to assess the potential and limitations of
the walking­droplet system as a quantum analog. Particular attention is given to illustrating
how the non­Markovian droplet dynamics may give rise to features that are typically taken as
evidence of quantum nonlocality in their microscopic counterparts.

Theoretical descriptions of pilot­wave hydrodynamics provide a point of comparison for
existing quantum pilot­wave theories. We demonstrate that the walking droplets are more
closely aligned with de Broglie’s original conception, his double­solution pilot wave theory,
than the subsequent de Broglie­Bohm theory. Our theoretical description has also allowed us
to explore a broader class of classical pilot­wave systems. For example, extending our classical
model to three dimensions has revealed the spontaneous emergence of classical spin states, in
which the particle translates along a helical path that is quantized in both radius and angular
momentum [3]. Finally, we compare the wave form accompanying the walking droplets to the
wavefunction of an exciton­polariton. Since both systems are driven and dissipative, we are
able to draw a direct mathematical map between the two systems, thereby rationalizing their
strikingly similar wave forms.

The author gratefully acknowledges the financial support of the NSF and the ONR.

[1] Bush, J.W.M., Frumkin, V. and Sáenz, P.J. (2024). Perspectives on pilot­wave hydrody­
namics. App. Phys. Lett. 125(3), 030503.

[2] Bush, J.W.M. (2015). Pilot­wave hydrodynamics. Ann. Rev. Fluid Mech. 47, 269­292.
[3] Kay, A.F., Durey, M. and Bush, J.W.M. (2025). Classical pilot­wave dynamics in three

dimensions. Proc. Roy. Soc. A 481(2319), 20240986.
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The vacuum electromagnetic field as the source of atomic stability

Ana María Cetto and Eduardo Varela

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

Dedicated to the memory of Luis de la Peña.

Atomic stability has defied physical explanation since Bohr’s original proposal of 1913.
Here, we address the issue of the stability of the hydrogen atom from first principles within
the context of stochastic electrodynamics (SED). To this end, we study the behavior of the
adiabatic invariants when the Hamiltonian system is perturbed by the zero­point radiation field
(ZPF). Initially, this approach leads to the ground state of the H atom. The excited states are
obtained by considering that the field is composed of modes which may enter in phase with
the system’s orbits. When the system has an unperturbed orbital frequency and one or more
associated adiabatic invariants, its long­time dynamics is not determined by the entire random
field indiscriminately, but by the cumulative coherent contribution of those specific modes of
the ZPF that resonate with the orbit. Steady balance is reached when the driving force of the
resonant field modes on the orbiting electron exactly balances out the electron’s dissipation
due to radiation reaction. The resonant states are shown to correspond to integer values of
the associated adiabatic invariant, thereby substantiating the Wilson­Sommerfeld quantization
postulate. Furthermore, it is argued that when an orbit enters in phase with a specific mode
that connects it with a different invariant state, it may absorb or lose energy coherently from
that mode. In this case the adiabatic invariant undergoes a rapid, deterministic transition to a
higher or lower value.
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AC transport in ultracold Fermi gases.

Frédéric Chevy

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

In this talk we will discuss the response of a gas of ultracold atoms to a periodic drive. We will
discuss how exact results obtained at low and high frequencies can be used to find the response
of the gas at arbitray frequencies and that this interpolation scheme is in good agreement with
quantum gas microscope experiments. In particular, the resistivity of the cloud evolves linearly
with temperature, a behaviour similar to bad metals in condensed matter physics.

[1] Unitarity Saturated Collisional Resistivity of Strongly Interacting Metals, F. Corapi, R. T.
Learn, B. Driesen, A. Lefebvre, X. Leyronas, F. Chevy, C. J. Fujiwara, J. H. Thywissen,
Phys. Rev. Lett. 136, 213401 (2026)
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Superconducting circuits as a platform for experiments on open quantum
systems

Dmitrii S. Lvov1, Sergei A. Lemziakov1, Elias Ankerhold1, Christoforus Dimas Satrya1,
Rishabh Upadhyay1,2, Bayan Karimi1,3, Yu­Cheng Chang1, Aleksandr S. Strelnikov1, Ilari K.

Mäkinen1, Kuan­Hsun Chiang1, Joonas T. Peltonen1, and Jukka P. Pekola1

1PICO Group, Department of Applied Physics, Aalto University, P.O. Box 15100, FI­00076
Aalto, Finland

2VTT Technical Research Centre of Finland Ltd, Espoo, Finland.
3Pritzker School of Molecular Engineering, University of Chicago, Chicago, IL, USA.

Superconducting circuits, mesoscopic reservoir and tunnel junction thermometry provide a
playground for open quantum system in the sub­kelvin regime. We experimentally demonstrate
two distinct approaches for thermometry. First, we extract the thermal occupation of a qubit to
diagnose its coupled environment [1]. Second, we utilize bolometric sensing of a mesoscopic
resistive reservoir to probe the attached superconducting circuits [2] [3]. The methods enable
the observation of open quantum systems through their dissipative interplay.

This work is financially supported by the Research Council of Finland Centre of Excellence
programme grant 336810 and grant 349601 (THEPOW). We acknowledge the provision of
facilities and technical support by Aalto University at theOtaNanoMicronovaNanofabrication
Centre and Low Temperature Laboratory.

[1] Dmitrii S. Lvov et al., Phys. Rev. Applied 23, 054079 (2025).
[2] Christoforus D. Satrya et al., Nat Commun 16, 4435 (2025).
[3] Christoforus D. Satrya et al., arXiv:2510.23092.
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Quantum measurement of work in mesoscopic systems

Doron Cohen

Ben­Gurion University, Physics Department, Beer­Sheva 84105, Israel

Heat and work in thermodynamics refer to the measurement of changes in energy content of
external bodies (baths and agents). We discuss the implications of quantum mechanics on the
possibility to measure work in a mesoscopic context [1]. The agent is a quantum entity (say
an oscillator) that is used to drive the system [2]. An obvious limitation is related to back­
reaction [3], leading to a classical­like restriction. We furthermore find that in order to resolve
fingerprints of interference an additional quantum uncertainty limitation should be taken into
account in the design of the agent [1]. The quantum limitation is fundamental, not merely
noise­like blurring.

[1] A.V. Varma, D. Cohen, arXiv:2507.09977 (2026).
[2] D. Cohen, Y. Imry, Phys. Rev. E 86, 011111 (2012).
[3] C. Han, D. Cohen, E. Sela, Phys. Rev. B 110, 115153 (2024).
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Information Flow in Quantum Algorithms: Structure and Optimization

Amit Te’eni1 and Eliahu Cohen1,2

1Bar­Ilan University, Max VeAnna Webb St, Ramat Gan, Israel
2Institute for Quantum Studies, Chapman University, Orange, California 92866, USA

Quantum algorithms are often described in terms of computational speedups, query complex­
ity, or circuit constructions. In this talk I will take a complementary, more physical point of
view: a quantum algorithm is a controlled process in which information about an unknown
object is encoded, transported through a quantum state, and finally extracted by measurement.
From this perspective, the central question is not only whether the answer can be obtained, but
how information flows through the quantum system, which correlations carry it, and how this
flow can be optimized. I will first discuss oracle problems as communication tasks, where the
hidden property of an oracle plays the role of a message encoded into a quantum system. This
reformulation makes mutual information a natural figure of merit and reveals a connection be­
tween optimal measurements, quantum correlations, and coherence [1]. I will then show how
the same idea can be used operationally in quantum Hamiltonian learning [2]: in Quantum
Likelihood Estimation, one can choose the initial state, evolution time, and measurement basis
so as to maximize the expected information gain about the unknown Hamiltonian. This leads
to a physically motivated optimization principle for adaptive quantum experiments. Finally,
I will briefly connect this viewpoint to hidden subgroup algorithms, emphasizing the role of
the quantum Fourier transform as a mechanism for making latent group­theoretic information
observable [3]. Overall, the talk will present information flow as a unifying physical language
for understanding both the structure and optimization of quantum algorithms.

This work was supported by the European Union’s Horizon Europe research and inno­
vation programme under grant agreement No. 101178170, by the Israel Science Foundation
under grant agreement No. 2208/24 and by the Israeli Council for Higher Education through
“QERNEL” and the “Interdisciplinary Center for the Theory of Quantum Computing”.

[1] A. Te’eni, Z. Schwartzman­Nowik, M. Nowakowski, P. Horodecki, and E. Cohen,
arXiv:2409.15549.

[2] A. Levi, Z. Ossi, E. Cohen, and A. Te’eni, Quantum Sci. Technol. 11 (2026) 015029.
[3] A. Te’eni, Y. Oz, and E. Cohen, arXiv:2510.10538.
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Sat, 1 August, 11:10 - 11:40, 2 session T25

Deblurring of Nuclear Collisions

Jeonghyeok Park2, Pawel Danielewicz1, Mizuki Kurata­Nishimura3, Zbigniew Chajecki4,
Byungshik Hong2, TadaAki Isobe3, Masanori Kaneko3,5, Jung Woo Lee6, William G. Lynch1,

Jovanie Nkouakep1, and ManYee Betty Tsang1

1Facility for Rare Isotope Beams, Michigan State University, 640 South Shaw Lane, East
Lansing, 48824, USA

2Department of Physics and Center for Extreme Nuclear Matters (CENuM), Korea
University, Seoul 02841, Republic of Korea

3RIKEN Nishina Center, Hirosawa 2­1, Wako, Saitama 351­0198, Japan
4Department of Physics, Western Michigan University, Kalamazoo, MI 49008, USA
5Department of Physics, Kyoto University, Kita­shirakawa, Kyoto 606­8502, Japan

6Center for Exotic Nuclear Studies, Institute for Basic Science, Daejeon 34126, Republic of
Korea

Central nuclear collisions compress nuclear matter, producing the highest pressures in the Uni­
verse, comparable to those reached in neutron­star mergers before black­hole formation. Ac­
cording to simulations, these pressures can give rise to intricate emission patterns tied to the
reaction plane of the collisions. Unfortunately, that plane can at best be coarsely estimated in
individual collision events, so only blurred emission patterns relative to the reaction plane can
be recorded, limiting any inference of pressure. Working with ensembles of collision events,
we infer the level of blurring due to poor reaction­plane resolution and apply optical deblurring
techniques to recover fine details of particle emission in nuclear collisions.

This work was supported by the National Research Foundation of Korea under Grant Nos.
2018R1A5A1025563, RS­2024­00436392, and RS­2024­00333673, by the U.S. National Sci­
ence Foundation under Grant Nos. PHY­2209145, PHY­2514987, and PHY­2110218, by the
U.S. Department of Energy Office of Science Grant No. DE­SC0019209, by the Japanese
MEXTKAKENHI (Grant­in­Aid for Scientific Research on Innovative Areas) Grant No. 24105004,
and by the Korean Institute for Basic Science Grant No. IBS­R031­D1. The HOKUSAI Great­
Wave system at RIKEN provided the computing resources for the data analysis.
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Contradictory predictions for the Casimir force under
Dirichlet­Neumann boundary conditions: Gaussian versus mean­field

model

Daniel M Dantchev

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

Department of Physics and Astronomy, University of California, Los Angeles, CA 90095

The mean­field model (MFM) is the workhorse of statistical mechanics: one normally accepts
that it delivers results that, despite being numerically just close to the correct ones, are not ”very
wrong,” i.e., they resemble the actual behavior of the system as can be eventually obtained by
more advanced treatments. For example, this is true for the Casimir force under Dirichlet­
Dirichlet (+,+) and (+,­) boundary conditions (BC), where the MFM is expected to deliver an
attractive force for like BC or a repulsive force for unlike BC, with the maximum strength of
the force positioned either below or above the critical point Tc. It turns out, however, that this
is not the case with Dirichlet­Neumann (DN) BC. For them, the mean­field approach leads to
an attractive Casimir force. This contradiction with the “boundary condition rule” is cured in
the case of the Gaussian model under ND BC. Our results, which are mathematically exact,
demonstrate that the Casimir force within the MFM is attractive as a function of temperature T
and external magnetic field h, while for the Gaussian model it is repulsive. The treatment of the
MFM is based on the exact solution of one non­homogeneous nonlinear differential equation of
second order. The Gaussian model is analyzed both in its continuum and as a lattice realization.
The obtained outcome teaches us that the mean­field results shall cautiously be accepted when
concerning the fluctuation­induced forces and ought to be checked against better treatment of
the fluctuations within the envisaged system.

Partial financial support via Grant No KP­06­H72/5 of the Bulgarian National Science
Fund is gratefully acknowledged.
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Nonclassical energy­change distribution as a witness of non­Markovian
quantum dynamics

Gabriele De Chiara

Universitat Autònoma de Barcelona, Edifici C, Campus de la UAB, Bellaterra, 08193, Spain

We address the problem of identifying non­Markovian quantum time evolutions of an open
quantum system by only performing measurements of the system’s energy. We demonstrate
that violations of CP­divisibility are always witnessed by non­positive values of the energy­
change Kirkwood­Dirac quasiprobability distribution associated with the system’s Hamilto­
nian, evaluated at consecutive times. The link between non CP­divisibility and non­positivity
of the system’s energy­change distribution is stronger when the system­environment interac­
tions are energy­preserving. The witness works whenever anomalous energy fluxes, due to
non­Markovianity, are realized. Anomalous fluxes are also detected by the non­Markovianity
measure built over the quantum mutual information between the states of the open system and
of a quantum correlated reference.

[1] M. Pezzutto, A. Corr, G. De Chiara, S. Lorenzo, S. Gherardini, arxiv:2605.26818.
[2] S. Gherardini and G. De Chiara, PRX Quantum 5, 030201 (2024).
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Tue, 28 July, 16:00 - 16:30, 4 session T28

Emergence of Classicality from Equilibration in Isolated Quantum
Systems

Thiago Rodrigues de Oliveira1, Fernando de Melo2, Gabriel Dias Carvalho3, Pedro Correia4,
Raul Vallejos2, and Tiago Debarba5

1Universidade Federal Fluminense, Av. Litoranea, S/N, Niteroi, Brazil
2Centro Brasileiro de Pesquisas Física

3Física de Materiais, Escola Politécnica de Pernambuco, Universidade de Pernambuco
4Departamento de Ciências Exatas, Universidade Estadual de Santa Cruz

5Federal University of Technology ­ Paraná

The emergence of macroscopic behavior is a central theme in both quantum mechanics and
statistical physics. In the standard accounts, classicality and thermal equilibrium are typically
explained by coupling the system to an external environment or bath: environmental interac­
tions suppress interference (decoherence) and drive relaxation toward a thermal state. Over the
last decades, however, a complementary perspective has emerged in which thermalization can
occur even in fully isolated quantum systems evolving unitarily, in the operational sense that
expectation values of relevant observables remain close to equilibrium values for most times.
In this work we ask whether the same intrinsic equilibration mechanism can also account for
the emergence of macroscopic classical behavior in quantum mechanics. Using bounds on
equilibration in closed systems, we investigate conditions under which a time­evolved pure
state is, for most times, indistinguishable (with respect some observables) from an appropriate
classical mixture. This provides a route to an operational quantum­classical transition without
invoking an explicit bath and suggests a direct link between two foundational questions: the
origin of thermalization in closed quantum systems and the quantum­to­classical transition in
macroscopic physics.

This work is supported in part by the National Council for Scientific and Technological
Development, CNPq Brazil (projects: Universal Grant No. 406499/2021­7, and 409611/2022­
0), the Carlos Chagas Foundation for Research Support of the State of Rio de Janeiro (FAPERJ,
Grant APQ1 E­26/210.576/2024), and it is part of the Brazilian National Institute for Quantum
In­ formation. TRO acknowledges funding from the Air Force Office of Scientific Research
under Grant No. FA9550­23­ 1­0092
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Scale Effects in Plasmon­Enhanced Raman Spectroscopy

Volker Deckert

Friedrich­Schiller University Jena, Helmholtzweg 4, 07743 Jena, Germany
Leibniz Institute of Photonic Technology

Plasmon­enhanced Raman measurements are inherently scale­dependent, i.e. the apparent
chemical information is determined by the spatial extent over which electromagnetic confine­
ment, chemical coupling, and structural heterogeneity are sampled. In SERS, spectra are typ­
ically representative of an average over a multitude of molecules and multiple nonequivalent
hotspots. Consequently, band positions and intensities reflect ensemble behaviour rather than
a uniquely local configuration [1]. In TERS, the interaction volume is compressed to a sin­
gle tip­sample junction, and in the highest­resolution regime, the signal becomes sensitive to
the atomic structure of the apex itself [2, 3]. In such conditions, atomic­scale fluctuations in
the apex geometry are not merely a secondary perturbation, but rather an integral component
of the signal­forming mechanism. This is due to the fact that minor alterations in the apex
geometry result in changes to the local field gradient, the effective Raman selection rules,
and the degree of chemically specific tip­molecule coupling [2, 3]. This phenomenon eluci­
dates the capability of TERS to approach base­to­base contrast in single­stranded DNA and
to facilitate a sequencing­like readout along a quasi­one­dimensional molecular scaffold [4].
Concurrently, the same extreme confinement limits on transferability are evident: a spectrum
acquired from a structurally heterogeneous object such as a single virus is expected to reflect
localised nanoscale variation rather than a molecular fingerprint which is globally represen­
tative [5]. Consequently, scale effects in plasmon­enhanced Raman spectroscopy should be
understood as a transition from ensemble averaging to atomically modulated local probing,
where the experimental resolution defines both the information content and the interpretability
of the spectrum [1­5].

This work was supported by Deutsche Forschungsgemeinschaft (grant nos. 448666227,
398816777).

[1] Singh, P. et al., Phys. Chem. Chem. Phys. 2015, 17, 2991–2995.
[2] Trautmann, S. et al., Nanoscale 2017, 9, 391–401.
[3] Latorre, F. et al., Nanoscale 2016, 8, 10229–10239.
[4] He, Z. et al., J. Am. Chem. Soc. 2019, 141, 753–757.
[5] Deckert, V. et al., Proc. Natl. Acad. Sci. U.S.A. 2020, 117, 27820–27824.
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Theorem on von Neumann entropy conjectured from physics of
irreversibility

Lajos Diósi

Wigner Research Center for Physics, Konkoly­Thege Miklós út 29­33., Budapest 1121,
Hungary

Eötvös Loránd University, Pázmány Péter sétány 1/A, Budapest 1117, Hungary

Emergence of macroscopic irreversibility from the underlying microscopic dynamics is a fun­
damental puzzle in theoretical physics. In a Boltzmann gas under local reversible perturbation,
the restoration of indistinguishability of the molecules (i.e., a non­equilibrium generalization
of Gibbs famous factor 1/N!) turns out to generate microscopic entropy in exact coincidence
with the thermodynamic entropy. A similar result holds in the abstract quantum gas, if we
impose symmetrization of the perturbed composite state of the constituents — in quantum in­
formatics, it is called twirling over the group of permutations of the constituents. Furthermore,
in Gibbs quantum state of a homogeneous system, the thermodynamic entropy production of a
local perturbation will be exactly underlined by the von Neumann entropy produced by twirling
over the group of translations. Whether twirlings are the real and ultimate way for Nature to
‘forget’ some particular microscopic data remains an open question.

The coincidence of microscopic and thermodynamic entropies relies on an asymptotic rela­
tionship for von Neumann relative entropy, which was conjectured first by physicists (D. Feld­
mann, Kosloff) assuming the said coincidence of entropies, and was proved by mathematicians
(Csiszár, Hiai, Petz). Imre Csiszár told me: I cannot see how you came to this conjecture. I
answered: Oh, and I cannot follow how you proved it.
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The Many Faces of Quantum Fluctuations in Driven Vibrational Systems

Mark Dykman

Michigan State University, Department of Physics and Astronomy, East Lansing, MI 48824,
USA

Periodically driven quantum oscillators are one of the best controlled quantum systems far
from thermal equilibrium. They provide a means to study generic features of quantum dy­
namics and quantum fluctuations away from equilibrium, including those with no analog in
equilibrium systems. I will provide an overview of the theory of fluctuation phenomena in res­
onantly modulated nonlinear vibrational systems and describe the recent experiments. I will
discuss the phenomenon of quantum activation where, even for zero temperature, switching
between vibrational states occurs via a transition over the barrier in phase space rather than via
quantum tunneling. The means of controlling the switching rate and revealing the features of
the underlying real­time instantons in complex phase space will be outlined. I will also discuss
many­body phenomena, where systems of coupled oscillators may experience quantum phase
transitions, whereas disorder in such systems leads to nonreciprocal behavior, with the onset
of a probability current and anomalous diffusion waves.

This work was supported in part by the Gordon and Betty Moore Foundation Award No.
GBMF12214
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Fri, 31 July, 8:50 - 9:20, 1 session T32

An artificial motor protein that walks along a DNA track

Patrik Nilsson2,3, Neil O Robertson4,5, Nils Gustafsson2,3, Roberta B Davies4, Chu Wai
Liew4,5, Aaron Lyons6, Ralf Eichhorn1, Cassandra S Niman2,3, Gerhard A Blab6, Elizabeth
HC Bromley7, Andrew E Whitten8, Anthony P Duff8, Ivan N Unksov2,3, Jason P Beech2,3,
Peter Jönsson2,9, Till Böcking10,11, Birte Höcker12, Derek N Woolfson13,14,15, Nancy R

Forde6, Heiner Linke2,3,16, and Paul MG Curmi4,5

1Nordita, Hannes Alfvéns väg 12, 11419 Stockholm, Sweden
2NanoLund, Lund University; Box 118, 221 00 Lund, Sweden

3Solid State Physics, Lund University; Box 118, 221 00 Lund, Sweden
4School of Physics, University of New South Wales; Sydney, NSW 2052, Australia

5School of Biotechnology and Biomolecular Sciences, UNSW; Sydney, NSW 2052, Australia
6Department of Physics, Simon Fraser University Burnaby; BC, V5A 1S6, Canada

7Department of Physics, University of Durham; Durham, United Kingdom
8Australian Nuclear Science and Technology Organisation; NSW 2234, Australia
9Physical Chemistry, Lund University; P.O. Box 124, SE­22100 Lund, Sweden
10Department of Molecular Medicine, UNSW; Sydney, NSW 2052, Australia

11EMBL Australia Node in Single Molecule Science, School of Biomedical Sciences,
University of New South Wales; Sydney, NSW 2052, Australia

12Department of Biochemistry, University of Bayreuth; 95447 Bayreuth, Germany
13School of Chemistry, University of Bristol; Bristol BS8 ITS, United Kingdom

14School of Biochemistry, University of Bristol; Bristol BS8 ITD, United Kingdom
15Max Planck­Bristol Centre for Minimal Biology, University of Bristol; Bristol BS8 ITS,

United Kingdom
16Science for Life Laboratory, Physics Department, Lund University; 221 00 Lund, Sweden

We demonstrate the realization of an artificial protein motor called Tumbleweed (TW) that
walks directionally along a DNA track under external control. TW consists of three legs, each
with a ligand­gated DNA­binding domain that enables selective interaction with specific sites
along a DNA track. Using single­molecule fluorescence assays and a programmable microflu­
idic device, we show that TW steps directionally along a designed DNA track in response to a
defined sequence of ligand inputs.

Funding: Human Frontiers in Science Program grant RGP0031/2007. European Union’s
Horizon 2020 research and innovation programme under grant agreement No 951375 (ArtMo­
tor) Australian Research Council Discovery Project grant DP170103153 Natural Sciences and
Engineering Research Council of Canada (NSERC) grants RGPIN­2015­05545, RGPIN­2020­
04680 Swedish ResearchCouncil project numbers 2015­03824, 2020­04226, 2020­05266, 638­
2013­9243.

[1] P Nilsson, NO Robertson, N Gustafsson, RB Davies, CW Liew, A Lyons, R Eichhorn, CS
Niman, GA Blab, EHC Bromley, AE Whitten, AP Duff, IN Unksov, JP Beech, P Jönsson,
T Böcking, B Höcker, DNWoolfson, NR Forde, H Linke, PMG Curmi, An artificial motor
protein that walks along a DNA track, bioRxiv, 2025.03. 07.641123
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Probing thermodynamics and entanglement with bosonic quantum
simulators

Jens Eisert

FU Berlin, Arnimallee 14, Berlin 14195, Germany

Quantum simulators based on bosonic systems–particularly cold atoms on atom chips, but
also superconducting devices–allow us to probe thermodynamic features and protocols un­
der precisely controlled conditions. This talk will elaborate on this theme along several lines
of thought. We will explore how Landauer’s principle can be experimentally tested, relat­
ing the erasure of information to the dissipation of heat in the quantum many­body regime
[1]. We will also highlight the considerable challenge of detecting entanglement in such cold­
atom quantum simulators [2], and examine how compactness can curb entanglement growth in
bosonic systems [3]. Furthermore, we will argue that analog quantum simulators are presum­
ably more robust to noise than their digital counterparts [4]. Finally, we will discuss in what
ways quantum advantages may emerge in bosonic quantum simulators [5], and how notions of
Hamiltonian learning are expected to support this endeavor [6].

[1] Nature Physics 21, 1326 (2025)
[2] In preparation (2026)
[3] arXiv:2603.16775 (2026)
[4] arXiv:2510.08467 (2025)
[5] In preparation (2026)
[6] Nature Comm. 15, 9595 (2024)
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Conditional Dynamics of a Dual­Rail Qubit with Asymmetric Erasure
Rates

Jose Este Jaloveckas1, Alexander Shnirman1, and Moshe Schechter2

1Institute for Theoretical Condensed Matter Physics, Karlsruhe Institute of Technology,
76131 Karlsruhe, Germany

2Department of Physics and Astronomy, Ben Gurion University of Negev, Beer­Sheva, Israel

Dual­rail erasure qubits offer a promising route toward higher error correction thresholds by
converting dominant energy relaxation errors into detectable erasure errors. Existing imple­
mentations typically assume that the erasure rates of the two logical modes are equal, or that any
asymmetry is effectively suppressed by averaging or by dynamical decoupling. In this work
we develop a detailed microscopic model for erasure errors in transmon­based dual­rail qubits
and study the conditional dynamics of the qubit subspace upon post­selection against erasure
events. We show that the erasure asymmetry δΓ introduces an additional dephasing channel
in the conditional dynamics. For single trajectories the coherence decays on a timescale set
by 1/δΓ, typically faster than in the symmetric limit. We further show that T1 experiments
have a reduced sensitivity to the δΓ induced channel whereas T2 experiments retain the single
trajectory behaviour. We argue that this distinction explains an apparent contradiction in re­
cent experimental data and poses a significant challenge in the calibration of DR qubit based
systems. To mitigate the erasure asymmetry dephasing channel in T2 experiments, the stan­
dard approach is to apply CPMG dynamical decoupling sequences. We show that even in the
limit of purely static noise, the number of pulses required grows with the magnitude of the era­
sure asymmetry. Since long CPMG sequences are difficult to integrate into QEC circuits and
themselves introduce additional dephasing, as an alternative, we propose a passive mitigation
strategy based on modulating the energy splitting of the two­level system bath responsible for
the asymmetry, which suppresses δΓ and recovers the T2 = 2T1 limit without requiring active
pulse sequences on the qubit.
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Correlations and spins in 2D materials

Jaroslav Fabian

University Regensburg and Center for Chiral Electronics Halle­Berlin­Regensburg,
Universitätstrasse, Regensburg, Germany

Electronic correlations in few­layer graphene systems, such as rhombohedral ABC graphene
or Bernal AB graphene, enable novel Stoner­ and intervalley­coherence­correlated states. The
corresponding order parameters are typically meV in magnitude, similar to the strength of
spin proximity effects–spin­orbit coupling and exchange interactions–induced by proximity to
transition­metal dichalcogenides and van der Waals magnetic semiconductors. I will present
several examples [1,2] of this interplay and outline our theoretical approach, which is based
on realistic DFT­based effective single­particle Hamiltonians [3] and generalized RPA suscep­
tibility. In particular, I will demonstrate that valley­Zeeman spin­orbit coupling in graphene
gives rise to new spin­valley coherence phases in the presence of electron interactions.

I acknowledge support from 2D SPIN­TECH, SFB 1277, SPP 2244.

[1] Y. Zhumagulov et al, Phys. Rev. Lett. 132, 186401 (2024).
[2] Y. Zhumagulov et al, Physical Review B 110, 045427 (2024).
[3] K. Zollner et al, Nature Reviews Physics 7, 255 (2025).
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Sat, 1 August, 9:20 - 9:50, 1 session T36

Nuclear clocks and search for new physics

Victor Flambaum

University of New South Wales, School of Physics, Sydney 2052, Australia

The isomeric transition in 229Th ­ recently laser­excited by multiple groups ­ opens a path to
a nuclear clock with accuracy competitive with, and potentially exceeding, the best optical
atomic clocks. The nuclear clock can be realised using different charge states ­ Th+, Th2+,

Th3+, and Th4+ ­ each exhibiting distinct frequency shifts due to electron­nucleus interactions
[1]. In effect, these represent different clocks, each with unique properties and precision limits.

The surrounding electrons strongly mediate excitation and decay via the electronic­bridge
mechanism and can modify both transition probability and lifetime by orders of magnitude [2].
The clock performance is influenced by external perturbations, such as ion­trapping fields and
blackbody radiation [3]. A “stretched­state” scheme suppresses leading­order electron­nucleus
entanglement and mitigates key systematic effects [4].

The 229Th transition is exceptionally sensitive to physics beyond the Standard Model: spa­
tial/temporal variation of fundamental constants ( α, quark masses, ΛQCD) [5], ultralight dark­
matter couplings to gluons and nucleons [6], and violations of Lorentz invariance and Einstein’s
equivalence principle [7]. For orders enhancement factors relative to electronic transitions, to­
gether with frequency­ratio networks linking nuclear and atomic references, enable stringent,
model­aware constraints.

This work is supported by the Australian Research Council grant No. DP230101058

[1] V.A. Dzuba, V.V. Flambaum, Phys .Rev. Lett. 131, 263002 (2023).
[2] S.G. Porsev, V.V. Flambaum, E. Peik, C. Tamm, Phys. Rev. Lett.105,182501 (2010);

S.G.Porsev, V.V. Flambaum, Phys. Rev. A81, 042516 (2010). V.A. Dzuba, V.V. Flam­
baum, Phys.Rev.A111,L041103 (2025);A111, 053109 (2025);A112,023103 (2025).

[3] V. V. Flambaum, V. A. Dzuba, E. Peik, Phys. Rev. A 112, 023103 (2025)
[4] C. J. Campbell, A. G.Radnaev, A. Kuzmich, V. A. Dzuba, V. V. Flambaum, and A. Dere­

vianko, Phys.Rev.Lett.108, 120802 (2012).
[5] V. V. Flambaum, Phys. Rev. Lett. 97, 092502 (2006). E. Litvinova, H. Feldmeier, J.

Dobaczewski & V. V. Flambaum, Phys. Rev. C 79, 064303 (2009).J. C. Berengut, V. A.
Dzuba, V. V. Flambaum, S. G. Porsev, Phys. Rev. Lett. 102, 210801 (2009). P. Fadeev, J.
C. Berengut, V. V. Flambaum, Phys. Rev. A 102, 052833 (2020). V. V. Flambaum, A. J.
Mansour, JHEP 2025, arxiv 2508.07266

[6] Y. V. Stadnik, V. V. Flambaum, Phys. Rev. Lett. 115, 201301 (2015).
[7] V. V. Flambaum, Phys. Rev. Lett. 117, 072501 (2016).
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Experiments at the interface of general relativity and quantum mechanics

Ron Folman

Ben­Gurion University of the Negev, POB 653, Beer Sheva, Israel

The two pillars of modern physics are the theories of General Relativity (GR) and Quantum
Mechanics (QM). After decades of theoretical attempts to unify these two pillars under one the­
oretical framework (often referred to as quantum­gravity), these pillars remain independent. To
some this situation is so unnatural, that they claim it actually hints that at least one of the theo­
ries is wrong in some fundamental way. As technology in quantum­optics labs improves, new
experiments ­ working at the interface of these two theories ­ can be realized. Such experiments
will hopefully provide new insights.

In this talk, I will present three experiments conducted at this interface, two already realized
and one planned. The first involves clock interferometry, in which a single clock in a spatial
superposition experiences two different proper times due to gravitationally induced red shift
[1­3]. The second involves the observation of the consistency of the Einsteinian equivalence
principle in the quantum domain [4]. While the first two were realized with atoms, the third
involves massive objects, specifically, nano­diamonds [5]. Leaping by ten orders of magnitude
in mass relative to the atomic experiments, the third experiment makes use of so­called active
mass, where not only the gravitational field of Earth needs to be taken into account.

The experiments are based on Stern­Gerlach interferometry [6]. Time permitting, I will
be happy to also address more technical questions. For example, interesting issues concerning
decoherence arise [7,8].

This work has been supported by the “Table­top experiments for fundamental physics”
program, sponsored by the Gordon and Betty Moore Foundation, Simons Foundation, Alfred
P. Sloan Foundation, and John Templeton Foundation.

[1] Y. Margalit et al., A self­interfering clock as a “which path” witness, 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., Geometric phase amplification in a clock interferometer for enhanced
metrology, Science advances 11, adr6893 (2025).

[4] O. Dobkowski, B. Trok, P. Skakunenko, Y. Japha, D. Groswasser, M. Efremov, C. Marletto,
I. Fuentes, R. Penrose, V. Vedral, W. P. Schleich, R. Folman, Observation of the quantum
equivalence principle for matter­waves, ArXiv:2502.14535 (2025).

[5] Y. Margalit et al., Realization of a complete Stern­Gerlach interferometer: Towards a test
of quantum gravity, Science advances 7, eabg2879 (2021).

[6] O. Amit et al., T3 Stern­Gerlach matter­wave interferometer, PRL 123, 083601 (2019).
[7] Y. Japha and R. Folman, Role of rotations in Stern­Gerlach interferometry with massive

objects, PRL 130, 113602 (2023).
[8] C. Henkel and R. Folman, Universal limit on quantum spatial superpositions with massive

objects due to phonons, Phys. Rev. A 110, 042221 (2024) – Editor’s choice.
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Revisiting the classical­quantum correspondence

James Freericks1, Abdul Samad Khan2, and Nikita Lugovoy3

1Georgetown University, Dept of Physics, 37th and O St, Georgetown University,
Washington, USA

2Lahore University of Management Science, Punjab, Pakistan
3Thomas Jefferson High School, Fairfax, VA, USA

The most common quantum­classical correspondence follows from the Ehrenfest theorem,
which relates the expectation values for the position and momentum to the expectation value of
their corresponding Hamilton equation counterparts. In other words, the classical equations of
motion hold after taking a quantum average of them. But, these equations can be misleading—
for example, in a definite energy state of the harmonic oscillator, the averages are exactly zero,
corresponding to the fact that these are stationary states. Instead, if we compare coherent states
(a displaced ground state), their expectation value satisfies the same equation of motion as the
classical system. The quantum system also has uncertainty, which the classical system does
not. Key to this work is that the classical and quantum potentials are identical. But, then one
finds the ground­state energy for the quantum system is different from the lowest energy state
of the classical system.

We approach this differently [1.2]. If one takes the classical Hamilton equations of motion
and decouples them by forming A=p+f(x), then the classical equation of motion can be solved
exactly for all exactly sovlable quantum systems. This produces a new way to solve for Kepler
orbits that is remarkably simple and apparfently unknown prior to this work. Furthermore, if
we quantize position and momentum and form A∗A, we find it creates a Hamiltonian with an
identical form of the equation of motion for the ladder operators. But, the quantum potential has
a quantum correction relative to the classical potential. Now, however, the ground­state energy
is identical to the lowest­energy state of the classical system. Furthermore, one can compare the
orbits of position and momentum for the classical and quantum systems and in general there are
now differences (for the simple harmonic oscillator, they do agree). We discuss how to compare
classical to quantum motion in this new paradigm, which is quite similar, but different, from
the conventional approach.

This work was supported by the Air Force Office of Scientific Research under grant number
FA9550­ 24­1­0292 and from the McDevitt bequest at Georgetown University.

[1] Jason Tran, Leanne Doughty, and James K. Freericks, The right way to introduce com­
plex numbers in damped harmonic oscillators, Am. J. Phys. 93, 437­440 (2025). Doi:
10.1119/5.0220797

[2] Jason Tran, Leanne Doughty, and James K. Freericks, Natural relationship between clas­
sical orbits and quantum Hamiltonians for the Kepler problem, Am. J. Phys. 93, 434­436
(2025). Doi: 10.1119/5.0220799
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Green’s function methods for open molecular systems

Michael Galperin

Tel Aviv University, School of Chemistry, 55 Chaim Levanon St, Tel Aviv­Yafo, 6997801, Israel

Developments of experimental techniques at the nanoscale require corresponding develop­
ments in theoretical methods. With the focus of experimental research shifting to open molecu­
lar systems, theory must provide methods capable of describing the responses of open nonequi­
librium quantum systems while accounting for environmental effects. Nonequilibrium Green’s
functions provide a convenient theoretical tool that satisfies the requirements above. I will re­
view our recent efforts on the theoretical formulation of optical spectroscopy and quantum
control using various nonequilibrium Green’s function techniques.

[1] H. Sun, U. Harbola, S. Mukamel, and M. Galperin, J. Chem. Phys. 162 (2025) 074108.
[2] H. Sun, U. Harbola, S. Mukamel, and M. Galperin, J. Phys. Chem. Lett. 16 (2025) 2008.
[3] A. Li, U. Harbola, and M. Galperin, Phys. Rev. Res. 7 (2025) 033248.
[4] A. Li and M. Galperin, Phys. Chem. Chem. Phys. 27 (2025) 17822.
[5] H. Sun and M. Galperin, APL Quantum 2 (2025) 016134.
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Quantum Cooling through Measurements

Yuval Gefen1, Josias Langbehn2, George Mouloudakis2, Emma King3, Raphael Menu3,
Giovanna Morigi3, Igor Gornyi4, and Christiane Koch2

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

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

3Theoretical Physics, Department of Physics, Saarland University, 66123 Saarbrücken,
Germany

4Institute for Quantum Materials and Technologies and Institut für Theorie der
Kondensierten Materie, Karlsruhe Institute of Technology, Karlsruhe 76131, Germany

Quantum steering is a measurement­based state­engineering protocol. It represents a high­
efficiency approach to generating resources for quantum computations, entanglement gener­
ation, quantum control and quantum cooling. I will provide a pedagogical overview of this
important field. I will then discuss recent results concerning universal (state­independent) ap­
proach to cooling of many­body system. I will show that a quantum system can be cooled
without knowledge of system details when system­meter interactions and meter splittings are
chosen randomly. For sufficiently small interaction strengths and long interaction times, the
protocol ensures that resonant energy­exchange processes, leading to cooling, dominate over
heating.
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Physical requirements for anomalous thermalization (Mpemba effect)

Ido Avidan, Roee Factor, and David Gelbwaser­Klimovsky

Technion, Technion city, Haifa, Israel

TheMpemba effect is a thermodynamic anomaly in which a system farther away in temperature
from equilibrium thermalizes before one that is initially closer. The effect has been experimen­
tally observed across a wide range of systems, including water, colloids, and trapped ions. It
has recently been the focus of numerous studies aimed at understanding its mechanisms and
developing multiple applications. Despite extensive work in the field, it remains unclear which
types of systems exhibit the Mpemba effect.

To address this, we derive simple necessary conditions on the transition rates for theMpemba
effect in a Markovian 3­level system. Furthermore, we analytically prove for baths at zero
temperature and numerically show for the non­zero temperature case that the 3­level system
conditions can be used to study the Mpemba effect in N­level systems. Multiple time scales
govern thermalization in these systems. This allows the evolution to occur more quickly across
larger temperature differences, explaining the Mpemba effect.

We apply our protocol to evaluate which types of systems exhibit the Mpemba effect and,
in doing so, explain why the Mpemba effect in Markovian systems remains a thermodynamic
anomaly. In particular, we found that the Mpemba effect requires transition rates that increase
with the energy difference. Due to the maximum entropy principle, for bosonic baths the ther­
mal component of the transition rates decays with the energy difference, limiting the bath spec­
tra that can produce the Mpemba effect. This allows us to rule out the N­level systemMpemba
effect for sub­Ohmic, Ohmic, and for some super­Ohmic spectra. These spectra describe a wide
range of physical and chemical phenomena that will not exhibit the Mpemba effect. Moreover,
our results provide a clear path to determine theminimal physical requirements for theMpemba
effect, and we use them to understand its underlying mechanisms better. Finally, our proto­
col could help identify relevant parameters for experiments, numerical simulations and diverse
applications.

[1] I. Avitan, R. Factor, and D. Gelbwaser­Klimovsky. arXiv:2603.04567 (2026).
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Single pair measurement of CHSH, negative probabilities and testing
relativistic independence through weak measurements.

Marco Genovese

INRIM, Strada delle Cacce 91, 10135 Turin, Italy

Bell inequalities are one of the cornerstones of quantum foundations and fundamental tools
for quantum technologies [1], tied to specific aspects of quantum mechanics, such as quantum
non­locality [2], sources of debate in the physicists’ community.

Recently, the scientific community worldwide has put much effort towards them, culminat­
ing with loophole­free experiments [3]. Nonetheless, none of the experimental tests so far was
able to extract information on the whole inequality from each entangled pair, since the wave
function collapse forbids performing, on the same quantum state, all the measurements needed
for estimating the entire Bell parameter.

We present here the first single­pair Bell inequality test [4] able to obtain a Bell parameter
value for every entangled pair detected. This is made possible by exploiting sequential weak
measurements, allowing to perform non­commuting measurements in sequence on the same
state, on each entangled particle. Such a feature not only grants unprecedented measurement
capability, but also removes the need to choose between different measurement bases [7]. We
also demonstrate how this can be related to negative probabilities that can be directly extracted.
Indeed, the attempt to introduce joint probabilities for incompatible observables leads to ”un­
physical” negative probabilities. This is particularly evident in the case of Bell inequalities.
Here we present the first direct experimental determination of negative probabilities by ex­
ploiting sequential weak measurements in a Bell scenario, discussing its implications. We will
discuss in detail the possible applications and the impact on Foundations of QuantumMechan­
ics.

Then, as a further use of sequential weak measurement, we present a test [5] of the rela­
tivistic independence proposed in [6].

Finally, next developments will be presented.

[1] M. Genovese, Physics Reports 413 (2005) 319
[2] M. Genovese, M. Gramegna, Applied Science 9 (2019) 5406
[3] B. Hensen, et al. Nature 526, 682 (2015); M. Giustina, et al., Phys. Rev. Lett. 115, 250401

(2015); L. Shalm, Phys. Rev. Lett. 115, 250402 (2015)
[4] S.Virzì, et al. Quantum Sci. Technol. 9 045027 (2024)
[5] F. Atzori rt al., PRX quantum 5, 040351 (2024)
[6] A. Carmi and E.Cohen, Sci. Adv. 5, eaav8370 (2019)
[7] M.Genovese & F. Piacentini, Phys. Rev. A 111 (2024) 022204
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A New Frontier in Matter­Wave Interferometry: From Large Metal
Clusters to Biomolecules

Stefan Gerlich

University of Vienna, Boltzmanngasse 5, Vienna, Austria

The superposition principle lies at the foundation of quantummechanics, yet testing its validity
at ever­increasingmass and complexity scales remains amajor experimental challenge. Matter­
wave interferometry provides a direct probe by coherently delocalizing massive particles over
mesoscopic distances. Here, we present a high­mass matter­wave interference platform that
extends this approach to a new material class: large metal clusters. We report the first obser­
vation of quantum interference with sodium nanoparticles comprising more than 7,000
atoms, corresponding tomasses above 170 kDa [1]. The resulting spatial superposition states
reach amacroscopicity of µ = 15.5, improving existing bounds on generic macrorealistic mod­
ifications of quantum theory by over an order of magnitude.

I will further discuss recent advances in the generation, detection, andmanipulation of slow,
neutral beams of clusters [2] and biomolecules [3], as well as the development of deep­UV
laser systems that promise further scalability in particle mass and structural complexity.

These developments open new perspectives formolecularmetrology [4,5] and high­resolution
spectroscopy, enabling precise characterization of internal particle properties in free flight. Fi­
nally, I will outline ongoing efforts to extend quantum interferometry to increasingly complex
biomolecules, including proteins, thereby broadening the range of composite quantum sys­
tems accessible to matter­wave experiments.

Funding for this project was provided by a Gordon and Betty Moore Foundation grant
(GBMF10771, https://doi­org.uaccess.univie.ac.at/10.37807/GBMF10771) and by the Austrian
Science Fund (FWF) grant 32542­N.

[1] S. Pedalino, B. Ramírez­Galindo, R. Ferstl et al., Nature 649 (2026) 866–870.
[2] S. Pedalino et al., Phys. Rev. A 106 (2022) 023312.
[3] M. Strauß et al., Sci. Adv. 9 (2023), eadj2801.
[4] Y. Fein et al., Phys Rev. X 10 (2020) 011014.
[5] Y. Fein et al., Phys. Rev. Lett. 129 (2022) 123001.
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Contextual unification of classical and quantum physics

Mathias Van Den Bossche1 and Philippe Grangier2

1Thales Alenia Space, 26 avenue J.­F. Champollion, F31037 Toulouse, France
2Institut d’Optique, CNRS, Université Paris Saclay, F91127 Palaiseau, France

Following an article by John von Neumann on infinite tensor products, we develop the idea
that the usual formalism of quantum mechanics, associated with unitary equivalence of rep­
resentations, stops working when countable infinities of particles (or degrees of freedom) are
encountered [1]. This is because the dimension of the corresponding Hilbert space becomes
uncountably infinite, leading to the loss of unitary equivalence, and to sectorization. By inter­
preting physically this mathematical fact, we show that it provides a natural way to describe the
“Heisenberg cut”, as well as a unified mathematical model including both quantum and clas­
sical physics [2], appearing as required incommensurable facets in the description of nature
[3].

[1] M. Van Den Bossche and P. Grangier, “Contextual unification of classical and quantum
physics”, Foundations of Physics 53:45 (2023), https://arxiv.org/abs/2209.01463

[2] M. Van Den Bossche and P. Grangier, “Postulating the Unicity of the Macroscopic Physical
World”, Entropy 25(12), 1600 (2023); https://www.mdpi.com/1099­4300/25/12/1600

[3] P. Grangier, “Revisiting the Interpretations of Quantum Mechanics: From FAPP Solutions
to Contextual Ontologies”, https://arxiv.org/abs/2601.20488
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Interplay of current­induced forces and electronic friction in nanoscale
junctions far from equilibrium

E.K.U. Gross

Tsientang Institute for Advanced Study, Quantum Dynamics Laboratory, 181 Geyazhuang,
Hangzhou, China

Nano­scale junctions consisting of a single molecule or a quantum dot sandwiched between
macroscopic metallic leads show a rich variety of non­equilibrium phenomena when exposed
to a sufficiently large bias. For example, Coulomb blockade manifests itself in the time­domain
as a periodic charging and discharging of the central quantum dot [1]. In this lecture, special
attention will be paid to the current­induced forces on the nuclei. The real­time dynamics of the
system is simulated by combining Ehrenfest dynamics with time­dependent density functional
theory (TDDFT). Electronic viscosity is accounted for by the frequency­dependence of the
TDDFT exchange­correlation kernel. To understand the subtle interplay between the current­
induced forces on the nuclei and electronic friction, we study the translational, vibrational, and
rotational motion of a diatomic molecule immersed in a current­carrying electron liquid [2].
Starting from the nuclear equilibrium distance and applying a current pulse, we first observe
acceleration of the nuclei due to the initial dominance of the current­induced push. After this
initial phase, stabilization sets in upon balancing of the two forces, and finally, deceleration is
caused by the friction after the end of the pulse. Based on these observations, we then explore
the design of an atomic “waterwheel” [3], periodically driven by an AC current flowing in the
electron liquid. A steady rotation of the molecule can be achieved for certain combinations of
the amplitude and frequency of the imposed AC current. For other combinations, the nuclear
motion turns out to be chaotic. The somewhat unusual forces appearing here will be analyzed
in terms of the exact factorization. [4,5,6].

[1] S. Kurth, G. Stefanucci, E. Khosravi, C. Verdozzi, E.K.U. Gross, Phys. Rev. Let. 104
(2010) 236801.

[2] V.U. Nazarov, T.N. Todorov, E.K.U. Gross, Phys. Rev. Let. 133 (2024) 026301.
[3] V.U. Nazarov, T.N. Todorov, E.K.U. Gross, Phys. Rev. Let. 136 (2026) 117002.
[4] A. Abedi, N.T. Maitra, E.K.U. Gross, Phys. Rev. Let. 105 (2010) 123002.
[5] Chen Li, R. Requist, E.K.U. Gross, Phys. Rev. Let. 128 (2022) 113001.
[6] V.U. Nazarov, E.K.U. Gross, J. Chem. Theo. Comp. 22 (2026) 3796.
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Time Delay in Tunneling Current and the Tunneling Time

Shmuel Gurvitz1 and Dmitri Sokolovski2

1Weizmann Institute, 42 Weizmann St., Rehovot, Israel
2Departamento de Química­Física, Universidad del País Vasco (UPV/EHU), 48940 Leioa,

Spain

The question “How long does quantum tunneling take?” has remained a longstanding problem
in quantum physics. In contrast to barrier transmission (or tunneling probability), no unique
theoretical or experimental definition of tunneling duration as an intrinsic property of a system
has been established. Instead, it is typically inferred through the application of an external
perturbation or via a specific measurement protocol.

For example, Büttiker and Landauer proposed determining the tunneling (traversal) time
by applying an external oscillating field to the barrier. In the present work, we implement
this idea to evaluate the average time­dependent current (conductance) through an oscillating
barrier that separates two reservoirs (leads) with finite bandwidth Λ, described by the Kronig­
Penney model.

We find that, in the steady state, the average conductance follows the barrier oscillations
with the same frequency ω, but with a time delay (t → t − t0) arising from the traversal
(tunneling) time under the barrier. A particularly simple analytical expression for this delay is
obtained in the limit ω → 0. Near the band center, it reduces to t0 = 1/Λ. In the wide­band
limit (Markovian reservoirs), t0 → 0, in agreement with the classic result of MacColl, obtained
by entirely different means.

Remarkably, the tunneling delay persists even in the limit ω → 0, where the barrier ef­
fectively becomes time­independent. This suggests that t0 reflects an intrinsic property of the
system, despite being revealed through an external time­periodic perturbation. We therefore
propose that our result for the tunneling time delay may be applicable to a broad class of sys­
tems.

As an illustration, we consider tunneling time measurements in an optical barrier system,
which provides an optical realization of the one­dimensional Kronig­Penney model. Our sim­
ple expression for t0 shows excellent agreement with experimental data, in contrast to the
Büttiker­Landauer formula for complex tunneling time applied to the same system.

Importantly, our analysis explicitly incorporates the effects of the reservoirs on the time
delay. This allows us to separate these contributions from t0 and thereby isolate the tunneling
(traversal) time through the barrier. We find that the tunneling time is zero for a single barrier.
Consequently, we suggest that the nonzero tunneling times observed in experiments originate
from non­Markovian effects associated with finite reservoir bandwidth, and we propose ways
to test this experimentally.
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Random layers for quantum optimal control with exponential
expressivity

Marco Dall’Ara1, Martin Koppenhöfer1, Florentin Reiter1, Thomas Wellens1, Simone
Montangero2,3,4, and Walter Hahn1

1Fraunhofer Institute for Applied Solid State Physics IAF, Tullastraße 72, 79108 Freiburg,
Germany

2Dipartimento di Fisica e Astronomia “G. Galilei”, Università di Padova, I­35131 Padova,
Italy

3Padua Quantum Technologies Research Center, Università degli Studi di Padova, I­35131
Padova, Italy

4Istituto Nazionale di Fisica Nucleare (INFN), Sezione di Padova, I­35131 Padova, Italy

A long­standing problem in quantum optimal control is finding an optimal pulse structure that
leads to an efficient exploration of the unitary space with a minimal number of optimization
parameters. We solve this problem by constructing parametrized pulse sequences from random­
amplitude pulses grouped in layers with one optimization parameter per layer. We show that,
when increasing the number of pulses, the resulting random unitaries converge exponentially
fast to the uniform Haar­random ensemble, thus providing for an efficient exploration of the
unitary space. Grouping the pulses into layers allows for lowering the total number of opti­
mization parameters. We focus on two random­layer (RALLY) methods: In RALLYT, time
durations of the layers are optimized while the pulse amplitudes are randomly chosen be­
forehand, possibly even from a few discrete values. RALLYA optimizes a joint scaling fac­
tor of the random pulse amplitudes in each layer. We numerically validate the two methods
by applying them to problems of unitary synthesis, ground­state preparation and state trans­
fer in different quantum systems. For all problems considered, both methods approach an
information­theoretic lower bound on the number of optimization parameters and outperform
other commonly used algorithms. In gradient­free optimization, the RALLY methods are or­
ders of magnitude more accurate with fewer figure­of­merit evaluations. The RALLYmethods
are promising for advancing quantum machine learning and variational quantum algorithms.
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Probing the structure of topological entanglement via selective
partitioning

Cheolhee Han1, Ravid Malalis2, and Eran Sela2

1Kongju National University, 56, Gongjudaehak­ro, Gongju­si, Republic of Korea
2Tel Aviv University, Tel Aviv 6997801, Israel

The topological entanglement entropy (TEE), defined as the subleading term of bipartite en­
tanglement entropy, provides a universal signature of topological order. However, as a single
number, it does not reveal its internal structure of more complex systems, such as multi com­
ponent fractional quantum Hall (FQH) systems.

We propose a protocol to resolve this structure of complex FQH systems by selectively
partitioning different components at the entanglement cut. By imposing constraints on chosen
components in a stepwise manner, we track how the subleading contribution to the entan­
glement entropy evolves as individual components are partitioned. This procedure defines a
sequence of partition­induced changes of the TEE that depends on the order in which the con­
straints are applied. We show that in Abelian systems these changes are governed by the scaling
dimensions of the operators implementing the constraints, while in non­Abelian systems they
deviate from this behavior.

Building on recent experimental advances, we show that this partitioning structure can be
accessed viaMaxwell relations in quantum point contact (QPC) and quantum dot (QD) setups.
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The Quantum Plumber’s Problem (or Quantum Advantage in
Interaction­Free Interferometric Which­Path Discrimination)

Jonte R Hance1,2, Nicolas Underwood1, and Holger F Hofmann3

1Newcastle University, 1 Science Square, Newcastle upon Tyne, NE4 5TG, United Kingdom
2University of Bristol, Woodland Road, Bristol, BS8 1US, UK

3Hiroshima University, Kagamiyama 1­3­1, Higashi Hiroshima 739­8530, Japan

Recent work quantified the notion of quantum counterfactual gain—the advantage quantum
interaction­free measurement gives over classical (un­interfering particle­type) strategies for
identifying the presence or absence of an absorber in a given path. Using a recent analysis of
the relation between states in the five measurement contexts for a three­level system, we here
extend this work to identifying quantum advantage in a new scenario, which we term the “quan­
tum plumber’s problem”. In this scenario, we imagine a “quantum plumber”, who knows that
one path of an interferometer is blocked, but wants to find the optimal strategy for identifying
which path this is. We quantify the advantage that the use of quantum resources (beyond either
interference­free particles or weak coherent states) gives the plumber, and present strategies
for determining the optimal input state for the interferometer for performing such a task. We
further link this to recent analysis showing to what extent such a three­path interferometer can
and cannot be represented using either Quantum Simulation Logic (based on Spekkens’ toy
model) or the stabiliser subset of quantum mechanics, and use this to link advantage in this
game to “magic” (or “non­stabiliser­ness”) in the interferometer and initial state.

JRH acknowledges support from a Royal Society Research Grant (RG/R1/251590). JRH
and NU acknowledge support from JRH’s EPSRC Quantum Technologies Career Accelera­
tion Fellowship (UKRI1217). HFH acknowledges support from ERATO, Japan Science and
Technology Agency (JPMJER2402).
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Quantum Brownian Motion: Facts, debatable issues and unsolved issues

Peter Hänggi

University of Augsburg, Department of Physics, Universitätsstr. 1, 86135 Augsburg, Germany
Max Planck Instutute for complex systems (MPI­PKS), Nöthnitzerstr. 38, 01187 Dresden,

Germany

The talk will provide an introduction to the theoretical schemes (methods and tools) to de­
scribe the features of *quantum Brownian motion* (which rule phenomena such as rate theory,
stochastic resonance, etc.) which occur at extreme low temperatures, up to the transition to­
wards higher temperatures where quantum correlations start to fade out and a classical behavior
sets in. Special focus on is also paid to the regimes of validity of various those theoretical tools,
together with various pitfalls and subtleties that arise in describing correctly of those arising
quantum features.

[1] H. Grabert, P. Schramm, and G.L. Ingold, Quantum Brownian motion:The Functional In­
tegral Approach, Phys. Rep. 168 (No. 3) 115­207 (1988).

[2] P. Hänggi and G.L. Ingold, Fundamental Aspects of Quantum BrownianMotion, Chaos 15,
026105 (2005).

[3] G.L. Ingold, Path Integrals and their Applications to Dissipative Systems, arXiv:quant­
ph/0208026v1 (5 August 2002).

[4] M. Grifoni and P. Hänggi, Driven Quantum Tunneling, Phys. Rep. 304 (Nos. 5­6) 229­358
(1998).
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Toward entangled spins in nanodiamonds for biosensing

Philip Hemmer

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

Diamond color centers like the nitrogen­vacancy (NV) have shownmuch promise for nanoscale
sensing of magnetic and electric fields and temperature. To get the full benefits from the quan­
tum nature of the NV, two or more entangled NVs are needed. While this has been done in bulk
crystals, implementing it in nanodiamonds provides unique challenges, especially for the sub
10 nm sizes needed for the most interesting biosensing applications. In this talk I will review
recent advances in nanodiamond growth and optimization, and the implantation of high­quality
NVs.
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Mesoscopic models for electromagnetic fluctuations in and near
conducting media

Carsten Henkel

University of Potsdam, Institute of Physics and Astronomy, Karl­Liebknecht­Str. 24/25,
14476 Potsdam, Germany

Dispersion interactions between polarisable objects arise from rectified electromagnetic fluc­
tuations of both quantum and thermal origin. A commonly used framework is fluctuation
electrodynamics, as developed by the Rytov school [1] and upgraded to macroscopic quantum
electrodynamics byWelsch, Scheel, and Buhmann [2,3]. It explains the long­range tails of van
derWaals and Casimir­Polder interactions, including their dependence on temperature and ma­
terial properties. The talk discusses deviations between the theory and some experimental data
that appear when both finite temperature and finite electric conductivity are relevant [4]. The
idea is explored that electrons in metallic conductors may have a response to e.m. fields that
resembles that of a superconductor, provided the length scales are below the mean free path.
This is motivated by coherent electron interference in mesoscopic structures like rings where
persistent currents have been observed [5, 6]. We thus extend the Rytov theory to conductors
where fluctuating sources have correlation lengths in the 10 nm range.

I thank Jon Scouten and Alexander Schomburg for discussions. – This work is supported
by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) within SFB
1636, ID 510943930, Projects No. A01 and A04.

[1] Sergei M. Rytov, Yurii A. Kravtsov, and Valeryan I. Tatarskii, Elements of Random Fields,
Principles of Statistical Radiophysics, vol. 3 (Springer 1989)

[2] Stefan Scheel, Ludwig Knöll, and Dirk­GunnarWelsch, Spontaneous decay in the presence
of absorbing dielectric bodies, acta phys. slov. 49 (1999) 585; arxiv:quant­ph/9905007

[3] Stefan Y. Buhmann, Dispersion Forces I – Macroscopic Quantum Electrodynamics and
Ground­State Casimir, Casimir–Polder and van der Waals Forces, Springer Tracts in Mod­
ern Physics, vol. 247 (Springer 2012)

[4] G. L. Klimchitskaya and V. M. Mostepanenko, Current status of the problem of thermal
Casimir force, Int. J. Mod. Phys. A37 (2022) 2241002; arxiv:2204.06290

[5] H. Bouchiat, New clues in the mystery of persistent currents, Physics 1 (2008) 7
[6] A. C. Bleszynski­Jayich et al., Persistent Currents in Normal Metal Rings, Science 326

(2009) 272
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Open Quantum Dynamics and Dissipative State Selection in
Nanoplasmonic Cavities

Ortwin Hess

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

Nanoplasmonic cavities realise an extreme regime of cavity quantum electrodynamics in which
strong light­matter coupling emerges at the few­nanometre, few­femtosecond scale under in­
trinsically open, lossy, and dispersive conditions [1­4]. In contrast to conventional high­Q
cavities, these systems operate far from the closed, Hermitian limit, raising fundamental ques­
tions on the role of dissipation, mode non­orthogonality, and the quantum description of radia­
tive leakage. Here we develop a unified framework that connects experimentally accessible
nanoplasmonic architectures [5,6] with a rigorous open­system quantization. In waveguide­
coupled configurations, quantum nanoplasmonic coherent perfect absorption (qnCPA) [7] en­
ables selective excitation and stabilization of dressed states through impedance matching, illus­
trating how dissipation and driving can be coherently balanced to control quantum states in non­
Hermitian environments. On the theoretical side, a quantum quasinormal­mode (QNM) ap­
proach [8], rooted in macroscopic QED, provides a consistent quantization of open resonators
via complex mode expansions and perfectly matched layers. This yields a modal Fock­space
formulation and a microscopically derived Lindblad dynamics that captures both coherent and
dissipative inter­mode coupling. These results establish nanoplasmonic cavities as a model
platform for exploring quantum dynamics in open, non­Hermitian systems, where loss is not
merely detrimental but can be harnessed as a resource for state preparation and control.

This workwas supported by Research Ireland (formerly Science Foundation Ireland), Grants
No. 18/RP/6236 and 22/QERA/3821.

[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] N. Kongsuwan, A. Demetriadou, R. Chikkaraddy, F. Benz, V. A. Turek, U. F. Keyser, J. J.
Baumberg, and O. Hess, ACS Photonics 5 (2018) 186.

[3] H. Groß, J. M. Hamm, T. Tufarelli, O. Hess, and B. Hecht, Sci. Adv. 4 (2018) eaar4906.
[4] X. Xiong, N. Kongsuwan, Y. Lai, C. E. Png, L. Wu, and O. Hess, Appl. Phys. Lett. 118

(2021) 130501.
[5] D. D. A. Clarke and O. Hess, PhotoniX 5 (2024) 33.
[6] O. Hess, Eur. Phys. J. Spec. Top. (2025).
[7] Y. Lai, D. D. A. Clarke, P. Grimm, A. Devi, D.Wigger, T. Helbig, T. Hofmann, R. Thomale,

J.­S. Huang, B. Hecht, O. Hess, Nat. Commun. 15 (2024) 6324.
[8] L. Meschede, D. D. A. Clarke, and O. Hess, APL Quantum 3 (2026) 016103.
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Superradiance, Chaos, and Thermalization in Atom­Photon Systems

Fabrizio Ramirez1, David Villaseñor2, and Jorge G Hirsch1

1Instituto de Ciencias Nucleares, Universidad Nacional Autonoma de Mexico, Circuito
Exterior, Ciudad Universitaria, Coyoacan, Mexico

2CAMTP ­ Center for Applied Mathematics and Theoretical Physics, University of Maribor

The Dicke model describes a system of N two­level atoms collectively coupled to a quantized
field with a single bosonic mode. It provides a framework for understanding the phenomenon
of superradiance in light­matter systems and is also a valuable tool for studying nonequilibrium
dynamics.

The model has two classical degrees of freedom and exhibits both regular and chaotic dy­
namics, depending on the Hamiltonian parameters and the energy region under consideration.
This framework makes it possible to explore the relationship between instability, classical
chaos, and thermalization [1,2]. Chaos is dominant in the high energy region of the superra­
dian phase [4]. The presence of classically unstable periodic orbits is associated with quantum
scarring, which constrains the delocalization of eigenstates and gives rise to dynamical revivals
[3].

A striking contrast arises when atoms interact with photon pairs. In this case, there exists a
critical coupling at which the energy spectrum collapses, and the superradiant phase survives
only as a finite­size effect [4]. Moreover, chaotic behavior becomes particularly relevant at
high energies in the normal phase [5].

F.R. and J.G.H acknowledge partial financial support from the DGAPA­UNAM project
IN109523 and IN101526. D.V. was supported by the Slovenian Research and Innovation
Agency (ARIS) under Grants No. J1­4387 and No. P1­0306

[1] Quantum andClassical Lyapunov Exponents inAtom­Field Interaction Systems, J. Chavez­
Carlos, B. Lopez­del Carpio,M.A. Bastarrachea­Magnani, P. Stransky, S. Lerma­Hernandez,
L. F. Santos, and J. G. Hirsch, Phys. Rev. Lett. 122, 024101 (2019).

[2] Positive quantumLyapunov exponents in classically regular systems, S. Pilatowsky­Cameo,
J. Chavez­Carlos, M. A. Bastarrachea­Magnani, P. Stransky, S. Lerma­Hernandez, L. F.
Santos, and J. G. Hirsch, Phys. Rev. E 101, 010202(R) (2020).

[3] Ubiquitous quantum scarring does not prevent ergodicity, S. Pilatowsky­Cameo, D. Vil­
lasenor, M. A. Bastarrachea­Magnani, S. Lerma­Hernandez, L. F. Santos, and J. G. Hirsch,
Nat. Commun. 12, 852 (2021); Chaos and Thermalization in the Spin­Boson DickeModel,
D. Villaseñor, S. Pilatowsky­Cameo, M. A. Bastarrachea­Magnani, S. Lerma­ Hernández,
L. F. Santos and J. G. Hirsch, Entropy 25 (2023) 8.

[4] The superradiant phase is a finite size effect in two­photon processes, F Ramírez, D Vil­
laseñor, N. Vasquez, JG Hirsch, arXiv:2601.19986.

[5] Loss of integrability in a system with two­photon interactions, F Ramírez, D Villaseñor,
VS Morales­Guzmán, DY Castro, JG Hirsch, Phys. Rev. A 112, 063707 (2025).
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The geometry of nonequilibrium response

Sean Fancher and Jordan Horowitz

University of Michigan, 930 N. University, Ann Arbor, 48109, USA

Near thermodynamic equilibrium, the fluctuation­dissipation theorem serves as an organizing
principle and calculational tool for analyzing a system’s sensitivity to external perturbations
by linking response to fluctuations. However, driving a system out of equilibrium can enhance
this sensitivity by breaking the traditional connection to fluctuations. In this talk, I will present
bounds on the maximum response achievable by nonequilibrium systems that can be modeled
as discrete­state Markov processes. The limits are determined by the network topology of
the system’s state space. As a result of this analysis a full description of the geometry of
nonequilibrium response emerges, offering a decomposition of any nonequilibrium response
in terms of a combination of optimal archetypal systems.

This projected is supported in part by the National Science Foundation under Grant No.
2142466 and by the Alfred P. Sloan Foundation under grant G­2022­19440.
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Vacuum Viscosity

Bei­Lok Hu
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Our recent investigation onmoving atom­quantum field interactions [1] reveals a rather sur­
prising fundamental phenomena: An atom with internal degrees of freedommoving at uniform
relativistic or nonrelativistic speed in a free quantum field will experience a viscous force orig­
inating from the excitation of vacuum fluctuations (quantum noise) of the field, which we call
vacuum viscosity. Vacuum viscosity is similar to the more familiar quantum friction but
different in major ways: a) quantum friction, as has been explored in great details for sev­
eral decades, shows up only when the neutral atom moves close to the surface of a dielectric
medium or a conducting boundary. Here, there are no boundaries; b) this vacuum viscosity is
a quantum effect at zero temperature, distinct from classical radiation reaction or Einstein­
Hopf thermal drag; c) this vacuum viscous force is reactive in nature, like the reactance of
an inductor, not resistive (no phase lag), as “friction” may conjure. As for its origin, we often
hear “elegant” arguments based on Lorentz transformation, that there should not be any damp­
ing, but such reasoning forgets the fact that we are dealing with an open quantum system here,
where backaction from the field plays an important role. In fact, the dissipative dynamics of
the system (charge or atom) is intrinsically nonMarkovian. The conception and investiga­
tion of vacuum viscosity predated modern quantum friction discovery: It was first proposed in
1970 by Zel’dovich [2] to describe the backreaction effects of vacuum particle production on
the dynamics of the early Universe. This idea was quantified and made precise by the rigorous
work of many authors in the 70’s using quantum field theory in curved spacetime method­
ologies and semiclassical gravity theory for treating backreaction effects, captured in terms
of vacuum viscosity [3]. The one­to­one correspondence between cosmological particle cre­
ation and the dynamical Casimir effect enables one to understand the backaction effects of
dynamically excited vacuum fluctuations in terms of a quantum Lenz law. In our work the
uncovering of finer details and the revelation of subtleties are made possible by the adoption
of a microphysics model, called themirror/atom­oscillator­field (MOF) model in quantum
optomechanics [4], where the internal (electronic) degrees of freedom of the atom interacts
with the quantum field which takes on the values at the spacetime point of the atom’s exter­
nal (mechanical) degree of freedom, or its location, probing at a deeper level than the usual
quantum radiation noise and backaction approach.

[1] J. T. Hsiang and B. L. Hu, Vacuum viscosity experienced by an atom moving with constant
speed in a free unbounded quantum field [in preparation for Phys. Rev. D]

[2] Ya. B. Zel’dovich, Particle production in cosmology, Pis’ma Zh. Eksp. Teor. Fiz. 12, 443
(1970)

[3] B. L. Hu, Vacuum viscosity description of quantum processes in the early universe, Phys.
Lett. 90A, 375 (1982)

[4] Chad R. Galley, Ryan Behunin and B. L. Hu, Oscillator­Field Models of Moving Mirrors
in Quantum Optomechanics Phys. Rev. A 87, 043832 (2013)
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Information engine fueled by first­passage times

Alberto Imparato

Università di Trieste, Dipartimento di Fisica, Strada Costiera 11, 34151, Trieste, Italy

I will consider the thermodynamic properties of an information engine that uses feedback con­
trol to extract work from a manipulated stochastic system. I will discuss the fluctuation theo­
rems that involve the information associated with the feedback­controlled stochastic trajecto­
ries. Such an information turns out to be based on the first­passage­time distribution. I will
then discuss the experimental verification of the above results with a se tup consisting of a
cantilever submitted to an electrostatic feedback force. I will finally show that the fluctuation
theorems extend beyond the specific app lication to such an experiment.

[1] A. Archambault, C. Crauste­Thibierge, A. Imparato, C. Jarzynski, S. Ciliberto, L. Bellon,
Information Engine Fueled by First­Passage Times, Phys. Rev. Lett 135, 147101 (2025)
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Fast Nonadiabatic Gates for Quantum Signal Processing via
Landau­Zener­Stückelberg­Majorana interferometry

Oleh V. Ivakhneko1,2, Diana O. Shendryk2,3, Sergey N. Shevchenko2, and Franco Nori1,4

1Center for Quantum Computing, RIKEN, Wakoshi, Saitama 351­0198, Japan
2B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv 61103, Ukraine

3Ruhr­Universit�t Bochum 44780, Germany
4Physics Department, University of Michigan, Ann Arbor, MI 48109­1040, USA

Fast and accurate implementation of elementary quantum operations is a central requirement
for scalable quantum computation. Most gate protocols rely on resonant driving, where rota­
tions are produced by weak or moderately strong periodic fields. An alternative route is of­
fered by nonadiabatic Landau­Zener­Stückelberg­Majorana (LZSM) transitions, where strong
driving through an avoided crossing generates controllable population transfer through inter­
ference. Such dynamics can be used to construct fast quantum gates in small­gap two­level
systems [1,2].

This work establishes a connection between LZSM­based gates and quantum signal pro­
cessing (QSP). QSP implements polynomial transformations through sequences of elementary
single­qubit operations, typically written as alternating fixed rotations and adjustable phase
shifts [3,4]. A similar sequence structure naturally appears in the adiabatic­impulse model
(AIM): adiabatic evolution produces phase accumulation, while nonadiabatic transitions act as
population­changing operations. This correspondence allows AIM dynamics to reproduce the
elementary structure required for QSP [5].

We show that suitable driving parameters can realize QSP sequences using double LZSM
transitions. Within this formulation, the interferometric phase and transition probability deter­
mine the effective gate parameters, allowing QSP operations to be implemented through fast
nonadiabatic passages rather than conventional resonant pulses. This connection provides a
new interpretation of LZSM interferometry as a resource for quantum information process­
ing and suggests possible high­speed implementations of QSP in strongly driven small­gap
systems.

[1] O. V. Ivakhnenko, S. N. Shevchenko, and F. Nori, Phys. Rep. 995, 1–89 (2023).
[2] A. I. Ryzhov, O. V. Ivakhnenko, S. N. Shevchenko, M. Gonzalez­Zalba, and F. Nori, Phys.

Rev. Res. 6, 033340 (2024).
[3] G. H. Low and I. L. Chuang, Phys. Rev. Lett. 118, 010501 (2017).
[4] J. M. Martyn, Z. M. Rossi, A. K. Tan, and I. L. Chuang, PRX Quantum 2, 040203 (2021).
[5] D. O. Shendryk, O. V. Ivakhnenko, S. N. Shevchenko, F. Nori, Phys. Rev. A. 4, 042437

(2025).
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Thermodynamics of QuantumMeasurement: Making tunneling particles
and vacuum fluctuations work

Andrew N. Jordan

Chapman University, 1 University Dr., Orange 92866, USA

Measuring an operator that does not commute with the system’s Hamiltonian generally leads
to exchange of energy between the system and the measuring device. I will describe how this
disordered form of energy can be harvested to fuel engines and refrigerators. Recent advances
will be described concerning the continuous measurement of the presence of a tunneling parti­
cle in its classically forbidden region [1]. I will show how the measurement leads to enhanced
tunneling and how the energy the measurement process gives can be harnessed to make a ther­
moelectric engine and refrigerator [2]. This basic physics can be transferred to the many­body
context, where a measurmement­based engine is fueled via many­body entanglement together
with local measurements and feedback operations. This engine admits a universal thermody­
namic characterization in terms of how the quantum vacuum bends under increasing interaction
strength [3].

This work is supported by the John Templeton Foundation, grant number 63209.

[1] Alok Nath Singh, Bibek Bhandari, Rafael Sánchez, Andrew N. Jordan, Capturing an Elec­
tron in the Virtual State, arXiv:2503.10064

[2] Rafael Sánchez, Alok Nath Singh, Andrew N. Jordan, Bibek Bhandari, Making the Virtual
Real: Measurement­Powered Tunneling Engines, Phys. Rev. B 113, 125414 (2026)

[3] Robert Czupryniak, Bibek Bhandari, Paolo Andrea Erdman, Andrew N Jordan, Universal
Characterization of Quantum Vacuum Measurement Engines, arXiv:2602.03706
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Measuring in the dark ­ classical and quantum results

Nadav Katz

Hebrew University of Jerusalem, Givat Ram, Jerusalem, 91904, Israel
Qarakal Quantum, Givat Ram, Jerusalem, Israel

The use of destructive interference for measuring classical and quantum systems has a long and
interesting history. I will present both microwave and optical experiments where we observe
deep sub­wavelength spatial resolutions (with the necessary SNR trade­offs). Specifically, the
focusing of Fisher information at the destructive interference nodes will be presented and via
a steep phase gradient this leads to the observed resolution. These ideas will then be extended
to work on Two­Mode­Squeezed­Vacuum sensing (joint work with the Gefen group). I will
then show how we apply interference for spectroscopy of superconducting qubits via tailored
adiabatic echo pulses. Finally I will briefly (time permitting) show a spin locking of a su­
perconducting qubit for robust coherence protection against structured noise baths (joint work
with the Retzker group).

This work was supported by EU project OpenSuperQPlus and the ISF.
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Structural Phase Transitions in Evolving Networks Under Different
Node­Deletion Mechanisms

Eytan Katzav, Ofer Biham, and Barak Budnick

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

Many real­world networks evolve under concurrent processes of expansion and contraction. In
growing systems, preferential attachment produces scale­free degree distributions with fat tails
and hubs. However, empirical evidence from declining networks shows that network contrac­
tion does not necessarily destroy structural organization: some shrinking networks maintain
a stable truncated degree distribution over long periods. This raises a fundamental question:
how does the mechanism of node deletion interact with preferential attachment to deter­
mine whether hubs persist, are suppressed, or disappear entirely? In the family of models
that we consider here, at each time step a node is added with probability Padd together with
m edges (according to some growth mechanism, such as preferential attachment) or deleted
with probability Pdel = 1 − Padd. The balance between growth and contraction is expressed
by η = Padd − Pdel, (−1 ≤ η ≤ 1), where η > 0 corresponds to net growth and η < 0 to
net contraction. In particular, we extensively studied three growth­contraction scenarios, each
leading to distinct qualitative and quantitative behaviors. These can be described using closed­
form analytical expressions for the degree distributions P (k), which characterize the different
structural phases.

1. Random Attachment + Random Deletion (RARD): In this scenario, random deletion
does not target hubs. For −1 < η < 1, the stationary degree distribution is Poisson­like [1].
At η = 1 (pure­growth), the distribution turns exponential, indicating a structural transition.

2. Preferential Attachment + Random Deletion (PARD): The stationary degree distribution
exhibits a power­law tail for η > 0, while for η < 0 it becomes exponential. Thus a structural
phase transition occurs at η = 0 [2].

3. Preferential Attachment + Preferential Deletion (PAPD): In this scenario, deletion is
degree­biased and directly counteracts hub formation. The stationary distribution is power­
law only in the pure­growth limit of η = 1 and becomes exponential for any η < 1 [3].

Discussion: These results demonstrate that the mechanism of deletion is structurally decisive.
Random deletion preserves the preferential amplification of high­degree nodes, allowing scale­
free structure to persist as long as growth dominates. In contrast, preferential deletion disrupts
the accumulation of links by high­degree nodes, suppressing hubs even under net growth condi­
tions. Thus, preferential deletion acts as an effective “anti­preferential attachment” force. This
observation provides a theoretical explanation for the emergence of truncated or exponentially­
tailed degree distributions in transient networks such as dating platforms, job­seeking plat­
forms, and epidemic removal processes, as well as in strategically attacked networks.

[1] B. Budnick, O. Biham, and E. Katzav, Phys. Rev. E 106, 044305 (2022).
[2] B. Budnick, O. Biham, and E. Katzav, J. Stat. Mech. 013401 (2025).
[3] B. Budnick, O. Biham, and E. Katzav, Phys. Rev. E 111, 064312 (2025).
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Phun with Phase Transions of the Quantum Mechanical Kind

Peter D. Keefe

University of Detroit Mercy, College of Engineering and Science, 4001 W. McNichols,
Detroit, USA

Mesoscopic­size Type I superconductors exhibit a first order phase transition in H­T space. For
specimens undergoing an isothermal phase transition, the latent heat is supplied/absrbed by a
bath. In contradistinction, for specimens undergoing and adiabatic phase transition, the latent
heat is supplied/absorbed by the normal regime, resulting in a surprisingly fun non­isentropic
result.

In conversations with theAuthor, John Bardeenwanted to eliminate all the fun by proposing
the appearance of a mysterious magnetic hysteresis prior to phase nucleation.

Truth be told, his attempt to remove the fun only made for a more fun result. [1]

An experiment shows the fun in action. [2]

[1] Keefe, P.D., The European Physical Journal Special Topics, ISSN:1951­6355, Non­Equi­
librium Systems and Foundations of Quantum Physics, a publication of Springer, V. 230,
No. 4, 993­1001 (June, 2021); available online, open access, at DOI:
https://doi.org/10.1140/epjs/s1734­021­00099­9.

[2] O.S. Lutes and E. Maxwell, “Superconducting transitions in tin whiskers,” Phys. Rev., 97,
1718 (1955).
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Post­processed estimation of quantum evolution

Soroush Khademi1, Jesse J Slim1, Kiarn T Laverick2,3,4, Jin Chang5, Jingkun Guo5, Simon
Groblacher5, Howard M Wiseman2, and Warwick P Bowen1,6

1Australian Research Council Centre of Excellence for Engineered Quantum Systems, School
of Mathematics and Physics, The University of Queensland, St Lucia, Queensland 4072,

Australia
2Centre for Quantum Dynamics, and Australian Research Council Centre of Excellence for

Quantum Computation and Communication Technology, Griffith University, Yuggera
Country, Brisbane, Queensland 4111, Australia

3MajuLab, CNRS­UCA­SU­NUS­NTU International Joint Research Laboratory
4Centre for Quantum Technologies, National University of Singapore, 117543, Singapore
5Kavli Institute of Nanoscience, Department of Quantum Nanoscience, Delft University of

Technology, 2628CJ Delft, The Netherlands
6Australian Research Council Centre of Excellence in Quantum Biotechnology, School of
Mathematics and Physics, The University of Queensland, St Lucia, Queensland 4072,

Australia

Weak quantum measurements enable real­time tracking and control of dynamical quantum
systems, producing quantum trajectories – evolutions of the quantum state of the system con­
ditioned on measurement outcomes. For classical systems, the accuracy of trajectories can be
improved by incorporating future information, a procedure known as smoothing. Here we ap­
ply this concept to quantum systems, generalising a formalism of quantum state smoothing for
an observer monitoring a quantum system exposed to environmental decoherence, a scenario
important for many quantum information protocols. This allows future data to be incorpo­
rated when reconstructing the trajectories of quantum states. We experimentally demonstrate
that smoothing improves accuracy using a continuously measured nanomechanical resonator,
showing that the method compensates for both gaps in the measurement record and inaccessi­
ble environments. We further observe the signature of a key predicted departure from classical
smoothing: quantum noise renders the trajectories nondifferentiable. These results establish
that future information can enhance quantum trajectory reconstruction, with potential applica­
tions across quantum sensing, control, and error correction.
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Optimizing Energy Conversion in Feedback­Controlled Nano Processes:
Harnessing Time­Dependent Information

Henning Kirchberg

Chalmers University of Technology, Kemivägen 9, Göteborg, Sweden

Nanoscale devices that convert energy into useful work are becoming increasingly prevalent.
A critical challenge in this area is managing energy transduction at the nanoscale. Quantum
measurement and the associated acquisition of information can be harnessed to guide and en­
hance work output through feedback control. In this context, we explore a quantum informa­
tion engine (QIE) as a prototype energy­transducing nanodevice controlled by measurement
[1]. This engine leverages the information exchange between a working medium, represented
by a two­level system, and a meter, modeled as a quantum harmonic oscillator. However,
this information transfer is not instantaneous; it relies on the measurement time, which is the
duration needed to establish a correlation between the quantum system and the meter. This
measurement time sets a lower limit on the cycle time of the QIE, making time­dependent in­
formation acquisition a crucial resource for the process. We examine the relationship between
the energetic cost of quantum measurement, the associated acquisition of information, and the
potential extractable work during finite­time operations. To achieve this, we investigate perfor­
mance quantifiers, including the conversion of information to extractable work, the efficiency
of converting input energy to net extracted work, and power, defined as the rate of net work
extraction during the cycle operation. Our findings indicate that all these factors are influenced
by measurement time in various ways. For example, achieving high efficiency necessitates a
long measurement time, but this, in turn, reduces power. To identify an optimal balance among
these performance indicators, we employ Pareto optimization, a multi­objective optimization
method, to determine ideal measurement times. We also discuss ways to extend our consider­
ations using these concepts, such as in measurement­enhanced photochemical reactions [2].

[1] R. Hagman, J. Berx, J. Splettstoesser and H. Kirchberg: Optimising finite­time quantum
information engines using Pareto bound, accepted in New J. Phys. 27, 114507 (2025)

[2] H. Kirchberg and A. Nitzan: Quantum information engines: Bounds on performance met­
rics by measurement time, Phys. Rev. A 112, 032201 (2025)
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Stochastic dynamics of molecular motors and filaments

Stefan Klumpp

University of Goettingen, Friedrich­Hund­Platz 1, 37077 Göttingen, Germany

The stochastic dynamics of molecular motors and filaments is a major driver of important pro­
cesses in biological cells including transport of cargo, segregation of chromosomes during cell
division, and maintenance of the mechanical structure of the cell. Understanding these pro­
cesses from a physics perspective requires an understanding of the stochastic dynamics, which
often occurs on multiple lenght and time scales. I will illustrate methods to approach these
processes based on theoretical models as well as statistical analysis of experimental data. On
the one hand, systematic coarse­graining can help to address the dynamics at multiple scales,
such as from the chemomechanical cycle of a single molecular motor to active networks of
motor­driven filaments. On the other hand, Bayesian inference from experimental data pro­
vides a method to reliably extract information from noisy experimental data and to quantify
the obtained information or lack thereof.
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Quantum thermodynamics, Quantum control, Quantum gates for open
systems

Ronnie Kosloff

Hebrew University Jerusalem, givat Ram, Jerusalem 91904, Israel

Any quantum system is inherently open, continuously interacting with its environment. There­
fore, e�ective manipulation of quantum devices must account for this reality. Control of open
quantum systems is vital for advancing modern quantum science and technology. We demon­
strate such control using a thermodynamically consistent framework, where the drive dynam­
ically influences the systems interaction with the environment. This e�ect is embedded in
the dynamical equation, leading to control­dependent dissipationa fundamental component of
open­system control.

We address two types of destructive noise: noise from the pulse generator and thermal
noise from the environment. A Markovian model describes phase and amplitude noise from
the external controller, and we investigate its impact on quantum gate execution, highlighting
the degradation of gate fidelity. We show that optimal control techniques can mitigate fidelity
loss. For this task we employ a highly accurate numerical solver and the Krotov algorithm to
solve the optimal control equations in Liouville space.

To handle thermal noise, we construct the dissipative dynamical equations by evaluating a
complete set of time­dependent invariants governed by the control field. The Lindblad jump
operators emerge as eigen­operators of the commutator of a pair of invariants, satisfying ther­
modynamic consistency. We achieve the challenging task of controlling quantum gates for non­
unitary reset maps with complete memory loss. Additionally, we identify a novel mechanism
for controlling unitary gates by actively removing entropy from the system to the environment.
This is a generalization of cooling to the quantum channel level.

This study is a joint effort of Aviv Aroch, Roie Dann, Shimshon Kallush.
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Experiments on Kitaev chains in nanowires

Leo Kouwenhoven, Nick van Loo, Francesco Zatelli, Bart Roovers, Vincent Sietses, Florian
Bennebroek Evertsz, Antonio Lombardi, Pablo Cova Farina, Ashley Ang, and Mats de Jong

QuTech, Delft University of Technology, Lorentzweg 1, Delft, Netherlands

Wehave realizedKitaev chains in arrays of quantumdots intersectedwith hybrid semiconducting­
superconducting sections. We exploit Andreev Bound States (ABS) in the hybrids to provide
coupling between neighboring quantum dots through Elastic Co­Tunneling (ECT) andCrossed­
Andreev Reflection (CAR). The combination of ECT and CAR can give rise to a ground state
degeneracy for even and odd occupations. At these sweet spots partially­protected Majorana
Bound States (MBS) arise in the outer quantum dots. We have studied chains ranging from
minimal length with two quantum dots up to a six­site chain. We will discuss the improved
protection when making the chains longer.
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From Nonlinear to Linear Control of Quantum Information and
Thermodynamics

Gershon Kurizki

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

Quantum technologies ranging from computing and communication to sensing and thermody­
namic devices rely on quantum information, entanglement being its key resource. Nonlinear
unitary entanglement, based on giant long­range dipole­dipole interactions (DDI), has recently
been demonstrated at Weizmann to result in single­polariton entanglement [1]. This nonlin­
ear mechanism has been shown by us to open the road to novel quantum thermodynamic de­
vices and quantum­enhanced sensing of thermodynamic variables [2,3]. Another recent major
achievement of our group concerns DDI­coupled spin networks: we have shown how quan­
tum information processing and thermodynamics in such quantum complex networks depend
on topology, symmetry constraints [4] and disorder [5].

Yet nonlinear unitary entanglement at the few­quanta level remains experimentally chal­
lenging. A straightforward substitute is based on post­selection of multipartite states [6] which
incurs infidelity. A promising alternative we here propose is based on linear stroboscopic phase
control that can amplify two­mode photonic entanglement to a giant degree [7].

[1] O. Firstenberg et al., Science 381, 193 (2023); I.Friedler et al., PRA 72, 043803 (2005)
[2] T. Opatrny et al., Sci. Adv. 9, eadf1070 (2023)
[3] N. Meher et al., PRA 110, 013715 (2024); QST 9,045029 (2024)
[4] S. Sur et al. npj­qi (in press)
[5] P.Chattopadhyay et al., QST 10, 035006 (2025)
[6] DBR Dasari et al., Nat. Commun. 13, 7527 (2022)
[7] P. Chattopadhyay et al. (preprint)
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Operational impact of quantum resources in chemical dynamics

Julia Liebert and Gregory Scholes

Princeton University, Frick Chemistry Laboratory, Princeton 08540, USA

Quantum coherence and other non­classical features are widely discussed in chemical dynam­
ics, yet it remains difficult to quantify when such resources are operationally relevant for a
given process and observable. While quantum resource theories provide a principled way to
compare “resource­free” and “resourceful” descriptions, most existing tools focus on state­
based measures or constraints under restricted operations, rather than on the maximal influ­
ence a chosen resource can exert under fixed open­system dynamics. Here we introduce task­
specific, process level quantifiers that provide computable upper bounds on the largest change
a quantum resource can induce in a target figure of merit. The central idea is to compare the
same dynamics acting on an initial state and on a paired, resource­free baseline that represents
the closest “classical” counterpart for the task at hand. This yields a direct benchmark for the
operational relevance of the resource for the chosen observable. We illustrate the framework on
representative models including excitation energy transfer and derive theoretical bounds that
identify conditions under which initial delocalization can, or cannot, improve trapping perfor­
mance relative to incoherent preparations. Overall, the approach provides a general toolbox
for diagnosing and benchmarking quantum­resource effects in chemical processes.

This research was funded by the National Science Foundation under Grant No. CHE­
2537080.
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Directionality emergence in 2D and 3D quantum random Lorentz gases
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Brussels, Belgium

2Institut Langevin, ESPCI Paris, PSL University, CNRS, F­75005 Paris, France

The propagation of a spherical wave through a random Lorentz gas composed of small fixed
scatterers is studied. Inspired by theMott problem [1] (how an initially isotropic quantumwave
can give rise to a single particle­like track), we investigate, on a schematic model, whether such
a directional behavior can emerge purely from the multiscattering process, without any explicit
measurement or decoherence mechanism. Using the Foldy­Lax formalism [2­4], we derive the
far­field angular behavior of the wavefunction, and introduce a directionality vector to quantify
its anisotropy and identify its preferred direction. In two dimensions [5], numerical simulations
reveal the existence of a strongly directional regime within a specific wavenumber range. This
behaviour emerges from multiscattering with more than 100 scatterers and can be related to
Anderson localization [6]. Preliminary results in three dimensions are also presented.

This work was supported by the Belgian Fonds de la Recherche Scientifique ­ FNRS un­
der IISN Grant No. 4.45.10.08. This research has also been supported by the ANR project
MARS_light under reference ANR­19­CE30­0026, by the program “Investissements d’Avenir”
launched by the French Government. It also received support from a grant of the Simons Foun­
dation (No. 1027116).

[1] N. F. Mott, Proc. R. Soc. A 126, 79 (1929).
[2] L. L. Foldy, Phys. Rev. 67, 107 (1945).
[3] M. Lax, Rev. Mod. Phys. 23, 287 (1951).
[4] D. Gaspard and J.­M. Sparenberg, Phys. Rev. A 105, 042204 (2022).
[5] B. Lorent, J.­M. Sparenberg, and D. Gaspard (2026), arXiv:2603.12432 [quant­ph].
[6] P. W. Anderson, Phys. Rev. 109, 1492 (1958).
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Combining energy efficiency and quantum advantage in cyclic machines

Waner Hou2,3, Wanchao Yao2,3, Xingyu Zhao2,3,4, Kamran Rehan2,5, Yi Li2,3, Yue Li2,3,
Eric Lutz1, Yiheng Lin2,3,4, and Jiangfeng Du2,3,4,6

1University of Stuttgart, Institute for Theoretical Physics I, Pfaffenwaldring 57, 70550
Stuttgart, Germany

2CAS Key Laboratory of Microscale Magnetic Resonance and School of Physical Sciences,
University of Science and Technology of China, Hefei 230026, China

3Anhui Province Key Laboratory of Scientific Instrument Development and Application,
University of Science and Technology of China, Hefei 230026, China

4Hefei National Laboratory, University of Science and Technology of China, Hefei 230088,
China

5Department of Physics, The University of Haripur, KP, Pakistan
6Institute of Quantum Sensing and School of Physics, Zhejiang University, Hangzhou

310027, China

Energy efficiency and quantum advantage are two important features of quantum devices. We
here report an experimental realization that combines both features in a quantum engine cou­
pled to a quantum battery that stores the produced work, using a single ion in a linear Paul trap.
We begin by establishing the quantum nature of the device by observing nonclassical work
oscillations with the number of cycles as verified by energy measurements of the battery. We
moreover apply shortcut­to­adiabaticity techniques to sup­ press quantum friction and improve
work production. While the average energy cost of the shortcut protocol is only about 3%, the
work output is enhanced by up to approximately 33%, making the machine significantly more
energy efficient. We additionally show that the quantum engine consistently outperforms its
classical counterpart in this regime. Our results pave the way for energy efficient machines
with quantum­enhanced performance.

[1] Nature Communications 16, 5127 (2025)
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Tight Entropic Uncertainty Relations

Alberto Riccardi and Lorenzo Maccone

Universita’ di Pavia, via Bassi 6, Pavia, Italy

Entropic uncertainty relations H(A) + H(B) ⩾ γ give a nonzero lower bound γ to the sum
of the Shannon entropies H of the outcome probabilities of incompatible observables A and
B. They are better than the variance­based uncertainty relations because they only depend on
the Born statistics of the outcomes and not on the outcomes themselves, and because bounds
γ typically are state independent. Here we provide a state­independent lower bound γs that
is better than the textbook Maassen­Uffink bound and, in the limit of the parameter s → 2,
becomes asymptotically tight for all A, B. The bound can be extended to Renyi entropies.
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Topological Landau theory

Joseph Maciejko

University of Alberta, Department of Physics, CCIS, Edmonton, T6G 2E1, Canada

I will discuss a notion of topology “hidden” in Landau’s theory of phase transitions. When
the order parameter comprises several components in the same irreducible representation of
symmetry, it can possess a nontrivial topology and acquire a Berry phase under the varia­
tion of thermodynamic parameters. To illustrate this idea, I will focus on the superconducting
phase transition of an electronic system with tetragonal symmetry and a two­component or­
der parameter. From the time­dependent Ginzburg­Landau equation in the adiabatic limit, we
find that the order parameter acquires a Berry phase after a cyclic evolution of parameters. I
will discuss two concrete models–one preserving time­reversal symmetry and one breaking it–
and show that the nontrivial topology of the order parameter originates from thermodynamic
analogs of gapless Dirac and Weyl points in the phase diagram. Finally, I will propose an ex­
perimental realization of a thermodynamic Dirac point in chiral superconductors under strain,
and its detectable signature in the Josephson effect, the geometry of vortices, and the upper
critical field.
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Note on the so­called “big G puzzle”

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

The problem, sometimes known as a “big G puzzle”, is manifested by very low achieved ac­
curacy of otherwise precise measurements of Newton’s gravitation constant G and by very
strange scatter of its values and error bars measured in different laboratories. It evokes an idea
that such anomalous behaviour should be due to some undiscovered bias operating universally.
A working hypothesis has been established, according to which a candidate for such a source
of systematic errors is the cosmological acceleration related to the Hubble constant H0 or to
the cosmological constant Λ [1]. The hypothesis has been tested using various results of G
measurements taken from the literature.

[1] J.J. Mareš, V. Špička, P. Hubík: On the nature of fundamental physical constants. Eur.
Phys. J. Spec. Top. (2026). https://doi.org/10.1140/epjs/s11734­026­02191­4
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Anyon braiding, Fractional Charge, scaling dimension, and statistical
angle in the fractional quantum Hall effect

Thierry Martin, Ronetti Flavio, and Noé Demazure

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

Anyons are quasiparticles with fractional statistics, bridging between fermions and bosons. We
propose an experimental setup to measure the statistical angle of topological anyons emitted
from a quantum point contact (QPC) source. The setup involves an Ω­shaped junction along a
fractional quantum Hall liquid edge, formed by defining a droplet with two negatively biased
gates. In the weak tunneling regime, we calculate the charge current, showing its time evolution
depends solely on the anyons’ statistical properties, with temperature and scaling dimension
affecting only the constant prefactor. We compute the cross­correlation between the anyon
current transmitted from the source and the current after the Ω­junction, providing a direct
method to detect anyon braiding statistics.

[1] Phys. Rev. Lett. 135, 146601 (2025)
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A gravitational self­decoherence model and a gentle recovery of the
classical world

Gabriel H. S. Aguiar and George E. A. Matsas

Sao Paulo State University, Sao Paulo, Brazil

We begin by briefly discussing the reductionist program of reclaiming the classical world from
quantum physics. Next, we argue that the combination of spacetime theory and quantum me­
chanics (QM) would preclude the measurement of distances at the Planck scale. This is used
to argue that current QM would be unable to describe particles with Planck mass, MP , re­
quiring a Heisenberg cut to separate quantum particles (m ≪ MP ) from classical particles
(m ≫ MP ). Finally, a minimal (Lorentz­invariant) gravitational self­decoherence model is
presented to anticipate new physics at the Heisenberg cut m ∼ MP . In particular, free quan­
tum particles would experience self­decoherence for masses m ≫ MP . Although our model
prohibits the center of mass of crystals with m ≫ MP from being in spatial superposition, it
does not prevent them from hosting phonon superpositions, as seen in the Lab.

Gabriel H. S. Aguiar was fully supported by the São Paulo Research Foundation (FAPESP)
under grant 2022/08424­3. George E. A.Matsas was partially supported by the National Coun­
cil for Scientific and Technological Development under grant 301508/2022­4.

[1] G. H. S. Aguiar and G. E. A. Matsas, Phys. Rev. D 112 (2025) 046004.
[2] G. H. S. Aguiar and G. E. A. Matsas, Phys. Rev. D 112 (2025) 126027.
[3] G. H. S. Aguiar and G. E. A. Matsas, 2601.20525
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Quantum Jumps in Amplitude Bistability: Tracking a Coherent and
Invertible State Localization

Themistoklis Mavrogordatos

Stockholm University, Department of Physics, Fysikum, AlbaNova University Center,
SE­10691, Stockholm, Sweden

We investigate the nature of quantum jumps occurring between macroscopic metastable states
of light in the open driven Jaynes­Cummings (JC) model [1]. We find that, in the limit of zero
spontaneous emission considered in [2], the jumps from a high­photon state to the vacuum state
entail two stages. The first part is coherent and modelled by the localization of a state super­
position, in the example of a null­measurement record predicted by quantum trajectory theory.
The underlying evolution is mediated by an unstable state, which often splits to a complex of
states, identified by the conditioned density matrix and the corresponding quasiprobability dis­
tribution of the cavity field. The unstable state subsequently decays to the vacuum to complete
the jump.

Coherence in the localization allows for inverting the null­measurement photon average
about its initial value, to account for the full switch which typically lasts a small fraction of the
average cavity lifetime; an asymptotic law for the jump time is established in high­amplitude
bistability. We find that the JC interaction is particular in stabilizing the attractors associated
with amplitude bistability, as opposed to the ‘weak­coupling limit’ of the Kerr nonlinearity.
Further, spontaneous emission degrades coherence in the localization, and prolongs the jumps.

The observed signatures of coherence can be employed to explore the absence of detailed
balance in quantum amplitude bistability, already deduced at the level of stochastic Maxwell­
Bloch equations [3]. At the quantum level, there is no coherent localization in upward jumps;
photon emissions condition single­state cavity fields. Operationally, we find that while the path
taken to attain a bright state can be tracked in detail by heterodyne current records produced
by the free decay of the cavity mode initialized in a conditioned state of JC bistability. On the
other hand, no interference fringes are expected to be seen in the homodyne current histograms,
as is the case for the downwards jumps.

[1] Th. K. Mavrogordatos, Annalen der Physik 538, e00388 (2026).
[2] H. J. Carmichael, Phys. Rev. X 5, 031028 (2015).
[3] A. Denisov, H. M. Castro­Beltran, and H. J. Carmichael, Phys. Rev. Lett. 88, 243601

(2002).
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Creation of quantised vortices at a moving surface in superfluid 4He

Peter McClintock1, Malcolm Poole1, Roch Schanen1, Aneta Stefanovska1, Viktor Tsepelin1,
Dmitry Zmeev1, David Schmoranzer2, Simon Midlik2, Carlos Uriarte Gonzalez3, Deepak

Garg4, Kalpana Devi4, and Makoto Tsubota5

1Department of Physics, Lancaster University, Lancaster, LA1 4YB, United Kingdom
2Faculty of Mathematics and Physics, Charles University, Prague, Czech Republic

3Area Electromagnetismo, Universidad Rey Juan Carlos, Madrid, Spain
4Department of Physics, D.A.V. College, Chandigarh, India

5Department of Physics, Osaka Metropolitan University Sugimoto 3­3­138, Sumiyoshi­ku,
Osaka 558­8585 Japan

We describe an experiment to explore how quantum turbulence is created by relative motion
between superfluid 4He and a solid surface. Following a suggestion by the late W.F. (Joe)
Vinen, we aim to eliminate the analogue of the classical instability where fluid flows over a
convex surface: large­scale classical turbulence can then be emulated by bundles of quantised
vortices acting coherently. Rather we use a pillbox­shaped experimental cell in which all in­
ternal surfaces are concave. The cell, filled with pure superfluid near 20mK, is rigidly fixed
to a high Q torsion oscillator [1]. Measurements of changes in the frequency and Q of the
oscillator+cell are used to infer dissipation in the superfluid connected to the creation and dy­
namics of vortex lines. A second experiment, where the cell included small cones to provide
convex moving surfaces, yielded distinctly different results, with a lower critical velocity for
the onset of dissipation. It is concluded that dissipation in the first experiment involved the
creation of individual quantised vortices which then reconnected and tangled, whereas the sec­
ond experiment involved an emulation of classical flow by coherent bundles of vortices. The
measurements were extended to higher temperatures, up to the λ­transition, where viscous nor­
mal fluid was present and shown to be in satisfactory agreement with theoretical expectations
based on the known normal fluid viscosity. These early results and their implications for future
investigations will be discussed.

This work was supported by the Engineering and Physical Sciences Research Council,
United Kingdom (Grant Nos. EP/P022197/1, EP/P024203/1, and EP/X004597/1), as well as
by the EU H2020 European 7 Microkelvin Platform (Grant Agreement No. 824109). D.S.
acknowledges support from the Czech Science Foundation under Project No. 2013001Y.

[1] 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.
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Autonomous Quantum Heat Engine

Mikko Möttönen

Aalto University, QCD Labs, POB 13500, 00076 Aalto, Finland

Quantum heat engines provide appealing means in quantum thermodynamics for studying the
flow of heat and work in open quantum systems. Experimental implementations of heat en­
gines operating at the level of a few excitation quanta require external driving, which has made
the observation of produced work challenging. Conversely, autonomous quantum heat en­
gines only require a flow of heat to operate and generate usable work. However, autonomous
quantum heat engines have not yet been experimentally demonstrated in any system despite
numerous theoretical investigations. Here, we experimentally realize an autonomous quantum
heat engine based on superconducting circuits. We construct the engine circuit implementing
an approximate Otto cycle by coupling two superconducting resonators with a superconducting
quantum interference device, and coupling this system to spectrally filtered hot and cold reser­
voirs. For varying the initial conditions, we observe coherent microwave power generation
arising from the internal dynamics of the system driven only by the thermal reservoirs. Our re­
sults validate previous theoretical predictions for this quantum circuit [1], enable experimental
studies of autonomous heat engines, and in general, provide means to enable the conversion of
excess heat into coherent microwave radiation.

[1] M. Rasola, V. Vadimov, T. Uusnäkki, and M. Möttönen, SciPost Phys. 19 (2025) 101.
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Vitacrystallography: X­ray diffraction of biological tissues for cancer
detection

Lev Mourokh

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

In the XX century, X­ray diffraction crystallography facilitated a breakthrough in materials
science, allowing the determination of electron density and, hence, atomic positions from the
angles and intensities of X­ray scattering. Later, in biocrystallography, this approach was
extended to biological molecules. After crystallization, an electron density map can be con­
structed from X­ray diffraction data, and the molecular structure can be resolved.

We have further extended the X­ray diffraction to whole living tissues without crystalliza­
tion. The extracellular matrix (ECM), which is not crystalline per se, contains many elements
that exhibit structural periodicities that can contribute to X­ray diffraction patterns, such as col­
lagen, keratin, adipose tissue, and water. These ECM components can be altered by cancerous
cells, and the resulting cancer­induced modifications can serve as structural biomarkers.

In this presentation, three possible implementations will be addressed. First, this approach
can be applied to small samples from the pathological lab for fast classification, serving as
a triage procedure for histopathology. We achieved an excellent accuracy in distinguishing
normal, benign, and malignant tissues. Second, it can be used for various animal models. I
will report the revealing of cancer trajectories in mice with induced prostate or breast cancer.
We have shown that cancer­induced alterations in the diffraction patterns can be observed not
only in the affected organ but also in remote locations, such as the animal’s skin. Another proxy
organ for remote monitoring of the health status is the nails. We demonstrated that the nails of
healthy and cancerous dogs can be distinguished with high accuracy. Recently, this approach
has been extended to human samples. Finally, actual measurements of human patients to detect
breast cancer are underway in our California lab.
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Simple Quantum­Chaotic toy system mimic a range of real nuclear
phenomena.

Declan Mulhall

The University of Scranton, 1700 Pine St, Scranton, USA

Small quantummechanical systems like the atomic nucleus exhibit a wide range of phenomena
that are easily described by intuitive models. We see nuclei sometimes behave as deformed
spinning charge distributions, or rigid objects vibrating. We can see them behave as clusters
of alpha particles. These phenomena are inferred from the spectra of the nucleus. However, a
toy model ofN bosons on a one or two level system experiencing random 2­body interactions,
exhibits the same spectral signatures [1]. In this talk we will start with a simple introduction to
the relevant nuclear spectroscopic ideas, and then introduce the toy model and see the results.
Hopefully the open questions can be discussed and maybe even answered!

[1] Order, collectivity, structured yrast lines, and correlated energies in random bosonic sys­
tems, Phys. Rev. C 112, 014319
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Sensitivity functions and phase scaling in light­pulse atom
interferometers

Jens D. Berdahl, Andrew F. McDonald, Takaho Tsubakiyama, and Frank A. Narducci

Naval Postgraduate School, 831 Dyer Rd, Monterey, USA

We are currently constructing two novel atom interferometers. The first is designed to mea­
sure the perturbation caused by a nearby Foucault pendulum, and the second is to demonstrate
improved scaling with interferometer time.

Atom interferometers are now firmly established as devices that can measure inertial forces
with exquisite precision and stability. These devices are now making the transition from the
pristine environment of a laboratory to the more difficult field environment. The field envi­
ronment presents a long list of challenges that need to be overcome for these devices to be
useful. One such challenge is attempting measurements on moving platforms, restricting the
averaging time.

We are developing an atom interferometer to address exactly some of the design challenges
associated with making precision measurements with limited time. We are constructing the
interferometer next to a Foucault pendulum, whose period is about 10.5 seconds. The interfer­
ometer is oriented vertically and is designed such that we can conduct experiments over a range
of baselines and at any desired position relative to the pendulum. In this way, we can explore
the trade­off between making sensitive measurements and sensor size. A longer interferome­
ter will average over an increased fraction of the pendulum swing. Also, the pendulum is not
synchronized to the launching of the interferometer, so that averaging over many pendulum
cycles will simply average the signal to zero.

To aid in the optimization of the interferometer, we have developed a novel sensitivity
function, designed to highlight frequencies to which the interferometer is most sensitive.

We are also constructing a so­called T3­light pulse interferometer, in which the phase sensi­
tivity scales as T­cubed, where T is the time between laser pulses. Ordinary gravimeters based
on atom interferometers have a phase scaling of T2 but assume the acceleration the atoms ex­
perience in each arm is the same. This assumption is valid for most interferometers that use
magnetically insensitive transitions; however, we apply a constant magnetic field gradient and
use magnetically sensitive transitions, leading to different accelerations in each arm. We know
from magnetism theory, a vertical field gradient leads to horizontal field gradients. Crucially,
the interferometer must close not only along the vertical direction, but also horizontally. We
have developed high­resolution, realistic magnetic models to simulate the field inside our vac­
uum chamber and utilized our cold atoms to provide verification. We use these models to
characterize the open nature of our interferometer.
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Hyperbolic Quantum Processor

Evgenii Narimanov1 and Eugene Demler2
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Achieving strong, coherent interactions between spatially separated qubits remains a central
challenge in quantum science, fundamentally limited by the mismatch between emitter size
and photon wavelength, which suppresses long­range coupling.

Here we show that this limitation can be overcome in hyperbolic materials, where optical
polaritonmodes provide a qualitatively new interaction channel. In this regime, interactions are
mediated by strongly confined electromagnetic modes supported by the anisotropic dispersion,
enabling strong and highly directional coupling between distant qubits.

As a result, coherent interactions can be sustained over distances far exceeding the free­
space wavelength, with dynamics governed by optical timescales. Such interactions enable
high­fidelity quantum gate operations in platforms supporting low­loss hyperbolic polaritons,
including van der Waals materials such as hexagonal boron nitride.

These results establish hyperbolic media as a platform for long­range quantum interactions,
with applications to quantum information processing, nonlinear quantum optics, and many­
body quantum systems.
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Emergence of Fermi’s Golden Rule in a Quantum Many­body System

Nir Navon

Yale University, Prospect Street, New Haven, USA

Ultracold fermions in optical box traps are a fascinating platform for studying nonequilib­
rium many­body dynamics in highly controllable settings [1­5]. In this talk, I will present
two such studies: (i) By tuning the power and pulse duration of an rf, we map the generic
dynamical response of a strongly interacting Fermi gas coupled to a probing field, from the
universal early­time quadratic regime to the onset and breakdown of Fermi’s Golden Rule, and
into coherent many­body Rabi dynamics [6]. (ii) We established a surprising link between the
long­time properties of a thermalized driven state and the short­time weak­drive response of
a spin coupled to a bath. This relation, which we coin ’the Kubo­Thermalization correspon­
dence’, formally connects macroscopic observables even though they can be very challenging
to calculate independently, and is largely independent of the nature of the thermal bath [7].

[1] Ji et al, Phys. Rev. Lett. 129, 203402 (2022)
[2] Ji et al, Phys. Rev. Lett. 132, 153402 (2024)
[3] Vivanco et al, Nat. Phys. 21, 564­569 (2025)
[4] Huang et al, Phys. Rev. X 15, 011074 (2025)
[5] Schumacher et al, Nat. Comm. 17, 174 (2026)
[6] Chen et al, arXiv:2502.14867 (Nature Phys. in press, 2026)
[7] Huang et al, arXiv:2605.06666
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Nonlocality in General Relativity: A missing link in Einstein’s quest for a
unified field theory

Theo M. Nieuwenhuizen

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

Non­propagating vacuum modes in general relativity become physical when they couple to
a galactic or an electrodynamic background [1]. The longitudinal vacuum mode, combined
with a gauge mode, obeys a fourth order ordinary elliptic differential equation. The solution
is nonlocal and reacts strongly to electrodynamic and other fluctuations in the full space­time.
This causes a large, radiating gravitational cloud around an object.

In classical electrodynamics, this predicts a damping force on themotion of objects, sourced
over all space­time and mediated by gravity, but independent of Newton’s constant.

These findings revive Einstein’s quest to derive the ontology underlying quantum mechan­
ics with its nonlocality from a unified classical field theory. A candidate, (Linear) Stochastic
Electrogravity, is considered.

[1] T.M. Nieuwenhuizen, Exact solutions for black holes with a smooth quantum core. arXiv
preprint arXiv:2302.14653 (2023)

[2] T.M. Nieuwenhuizen, Nonlocality in General Relativity: A missing link in Einstein’s quest
for a unified field theory, submitted (2026)
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Driven­dissipative quantum spin systems: Fate of their entanglement and
the origins of the classical Landau­Lifshitz equation

Branislav K. Nikolic, Federico Garcia­Gaitan, Jalil Varela­Manjarres, and Felipe
Reyes­Osorio

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

The driven­dissipative many­body systems remain one of the most challenging unsolved prob­
lems of quantum physics. When “body” is spin, such as of electrons or of engineered ones like
qubits, these many­body systems underlie spintronics, magnonics, and quantum computing
technologies. In this talk, I will first explain conditions [1] under which quantum spins inter­
acting with a dissipative environment can transition toward classical dynamics governed by the
celebrated Landau­Lifshitz­Gilbert (LLG) equation. The extended LLG equation for classical
spin dynamics, which includes non­Markovian and spatially nonlocal damping of quantum
origin, can be rigorously derived from Schwinger­Keldysh quantum field theory (SKFT) [2]
by integrating out fermionic or bosonic baths and by neglecting quantum fluctuations of spin
fields. It explains [2] how to properly bring light into the LLG equation and predict optically
excited magnons. For antiferromagnetic two­dimensional semiconductors like CrSBr, it can
explain [3] ultrafast optical excitation of magnons once the excitonic bath as mediator is in­
cluded. In the case of fully quantum spin dynamics, by combining SKFT with two­particle
irreducible effective (2PI) action formalism and 1/N expansion, both of which have been de­
veloped originally in elementary particle physics, we describe [4] time evolution of spin in
archetypical open quantum system�the spin­boson model (which is also of great importance
for understanding decoherence of idle superconducting qubits). Despite only a class of Feyn­
man diagrams being resummed to infinite order by 2PI, where those diagrams are generated by
expansion in 1/N (N is the number of Schwinger bosons to which spin is mapped) instead of
expansion in the system­bath coupling, our SKFT can track numerically exact non­Markovian
simulations from tensor networks (TN) methods. It also provides access to longer times and
higher spatial dimensions where TN fails due to the emergence of the “entanglement barrier.”
These newly developed methods make it possible to understand, for the first time, the fate of
entanglement in open quantum spin liquids [5].

This work was supported by the U.S. National Science Foundation (NSF) under grant No.
DMR­2500816 and Department of Energy (DOE) under grant No. DE­SC0026068.

[1] F. Garcia­Gaitan and B. K. Nikolić, Phys. Rev. B 109, L180408 (2024).
[2] F. Reyes­Osorio and B. K. Nikolić, Phys. Rev. Lett. 135, 246701 (2025).
[3] J. Varela­Manjarres, Y. Ren, B. K. Nikolić, Phys. Rev. B 113, 134403 (2026).
[4] F. Reyes­Osorio, F. Garcia­Gaitan, D. J. Strachan, P. Plecháč, S. R. Clark, and B. K. Nikolić,

Rep. Prog. Phys. 89, 018002 (2026).
[5] F. Garcia­Gaitan and B. K. Nikolić, https://arxiv.org/abs/2510.02256 (2025).
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Electron­enabled Nanoparticle Diffraction
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3Vienna Center for Quantum Science and Technology, Atominstitut, TU Wien, Stadionallee 2,
1020 Vienna, Austria

4University Service Centre for Transmission Electron Microscopy, TU Wien, Wiedner
Hauptstraße 8­10/E057­02, 1040 Wien, Austria

Modern matter­wave experiments cover a broad mass range from single electrons to molecules
and nanoclusters consisting of hundreds or even thousands of atoms. Levitated optomechanics
promises to become a platform for matter waves of nanoparticles weighing a billion atomic
mass units. I present a scheme for diffracting a massive nanoparticle at its own crystal lattice
with help of electrons: when a single electron undergoes Bragg diffraction at a free­falling
nanoparticle, momentum conservation implies that the superposition of Bragg momenta is im­
printed onto the relative coordinate between electron and nanoparticle, which entangles their
wave functions. By imaging the electron interferogram, one maps the nanoparticle state onto
a superposition of Bragg momenta, as if it was diffracted by its own lattice. This results
in a coherent momentum splitting 1000 times greater than what is achievable with conven­
tional standing­wave gratings, opening new possibilities for experimental tests of fundamental
physics at the quantum­classical boundary.
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A few recent results on superconducting qubits: (1) one photon
simultaneously exciting two qubits; (2) strong coupling between a single

photon and a two­photon Fock state; and (3) Thouless pumping

Franco Nori

RIKEN, and University of Michigan, RIKEN, 2­1 Hirosawa, Wakoshi, Japan

This talk will cover several experimental and theoretical results on superconducting qubits.

(1) We investigated a superconducting circuit composed of two flux qubits ultrastrongly
coupled to a common LC resonator. Owing to the large anharmonicity of the flux qubits,
the system can be described well by a generalized Dicke Hamiltonian containing spin­spin
interaction terms. We observed an avoided level crossing providing evidence of the exotic
interaction that allows the simultaneous excitation of two artificial atoms by absorbing one
photon from the resonator. This multi­atom ultrastrongly coupled system opens the door to
studying novel processes for quantum optics and quantum­information tasks on a chip.

A.F. Kockum et al., Deterministic quantum nonlinear optics with single atoms and virtual
photons, Phys. Rev. A 95, 063849 (2017). [PDF][Link][arXiv]; L. Garziano, V. Macri, R.
Stassi, O. Di Stefano, F. Nori, S. Savasta, One Photon Can Simultaneously Excite Two or
More Atoms, Phys. Rev. Lett. 117, 043601 (2016). [PDF][Link][arXiv][Suppl. Info.]; A.
Tomonaga, R. Stassi, H. Mukai, F. Nori, F. Yoshihara, J.S. Tsai, Spectral properties of two
superconducting artificial atoms coupled to a resonator in the ultrastrong coupling regime,
Nature Communications 16, 5294 (2025). [PDF][Link][arXiv]

(2)We report an experimental observation of the strong coupling between a single­photon
and a two­photon Fock state in an ultrastrongly­coupled circuit­QED system. The ultrastrong
light­matter interaction breaks the excitation number conservation, and an external flux bias
breaks the parity conservation. The combined effect of the two enables the strong one­two­
photon coupling. Quantum Rabi­like avoided level­crossing is resolved when tuning the two­
photon resonance frequency of the first mode across the single­photon resonance frequency of
the second mode. Within this new photonic regime, we observe thresholdless 2nd­harmonic
generation for a mean photon number in the resonator below one. These results represent a
step towards a new regime of quantum nonlinear optics, where individual photons can deter­
ministically and coherently interact with each other in the absence of any stimulating field.

S.P. Wang, A. Mercurio, A. Ridolfo, Y. Wang, M. Chen, W. Wang, Y. Liu, H. Sun, T. Li, F.
Nori, S. Savasta, J.Q. You, Strong coupling between a single­photon and a two­photon Fock
state, Nature Communications 16, 8730 (2025). [PDF][Link][arXiv][Suppl. Info.]

(3) I will summarize experimental observations of the competition and interplay between
Thouless pumping and disorder on a 41­qubit superconducting quantum processor. This highly
controllable system provides a valuable quantum simulating platform for studying various as­
pects of topological physics in the presence of disorder.

Y. Liu, Y.R. Zhang, … , F. Nori, K. Xu, H. Fan, Interplay between disorder and topology
in Thouless pumping on a super­conducting quantum processor, Nature Communications 16,
108 (2025). [PDF][Link][arXiv][Suppl. Info.]
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Time dilatations for collapse of massive superpositions: An
experimentalists view

Tjerk Oosterkamp

Leiden University, Niels Bohrweg 2, 2333CJ Leiden, Netherlands

In my group we perform experiments with ultra cold mechanical resonators, with a focus on
experimental techniques that are necessary to make ever more massive superpositions [1]. In
recent years we have also worked on heavier (∼1mg), levitated systems to measure small grav­
itational forces in the attoNewton range [2]. This combination of measurements is inspired by
the argument raised by Diosi and Penrose, that gravity might cause wavefunction collapse.

In my presentation I will present measurements as well as a theoretical model that uses
time dilatation to explain an underlying mechanism of how general relativity could mix into
quantum mechanics to cause wavefunction collapse [3].

This work was supported by the EIC and NWO.

[1] L. van Everdingen, J. Plugge, T.M .Fuchs, G.L. van de Stolpe, D. Benalii, Th. de Jong, J.
Bijl, W. A. Bosch, and T.H. Oosterkamp, Phys. Rev. Research 8 (2025), L022004.

[2] T.M. Fuchs, D.G. Uitenbroek, J. Plugge, N. van Halteren, J.P. van Soest, A. Vinante , H.
Ulbricht, and T.H. Oosterkamp, Science Advances (2024) DOI: 10.1126/sciadv.adk2949

[3] T.H. Oosterkamp and J. Zaanen, https://arxiv.org/pdf/1401.0176
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Value Reproducibility and Intersubjectivity of Quantum Measurements
based on Quantum Perfect Correlations

Masanao Ozawa

Department of Mathematical Informatics, Nagoya University, Furo­cho, Chikusa­ku, Nagoya
464­8601, Japan

Fundamental Quantum Science Program, TRIP Headquarters, iTHEMS, RIKEN, Wako,
Saitama 351­0198, Japan

Suppose that two observers simultaneously measure the same observable. We ask whether
they always obtain the same outcome, or their probability distributions are the same but the
outcomes are uncorrelated. Contrary to the widespread view in favor of the second, we show
that quantum mechanics predicts that only the first case occurs. This suggests the existence
of the perfect correlation between the measurement outcome and the pre­existing value of the
measured observable. In fact, we show that any measurement establishes a time­lik entan­
glement between the observable to be measured and the meter after the measurement, which
causes the space­like entanglement between the meters of different observers, and hence ev­
ery meter shows the same measurement outcome. We also argue that our conclusion cannot
be extended to measurements of so­called “generalized” or “unsharp” observables, suggesting
that conventional observables with projection­valued measures represent the system’s physical
reality, but “generalized” or “unsharp” observables with non­projective POVMs represent only
the statistical property of the measuring apparatuses.

This work was supported by JSPS KAKENHI Grant Numbers JP26H02539, JP25K07108,
JP25H00595, JP24H01566, and JST CREST Grant Number JPMJCR23P4, Japan.

[1] M. Ozawa, Quantum perfect correlations, Ann. Phys. (NY) 321, 744–769 (2006).
[2] M. Ozawa, Intersubjectivity and value reproducibility of outcomes of quantum measure­

ments, Sci. Rep. 15, 36112 (2025).
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Circuit Quantum Electrodynamics with two­dimensional material­based
Josephson Junctions

Vincenzo Varrica1,2,3, Giuseppe Falci1,2, Elisabetta Paladino1,2, and Francesco Pellegrino1,2,3

1Dipartimento di Fisica e Astronomia Ettore Majorana, University of Catania, INFN Sez Ct,
2INFN Sezione di Catania, Via Santa Sofia 64, Catania, Italy

3Centro Siciliano di Fisica Nucleare e Struttura della Materia, Via Santa Sofia 64, Catania,
Italy.

In the context of hybrid superconductor­semiconductor systems, Josephson junctions based on
two­dimensional materials, such as graphene, offer promising opportunities because of their
scalability and gate­tunable electronic properties. In this work, we investigate the inductive
coupling between a quantum LC resonator and a superconducting loop embedding a short,
ballistic, planar Josephson junction, with the graphene­based case as a representative example.

Within a mean­field formalism, we analyze how the properties of the global system depend
on the light­matter interaction coupling, the Fermi level of the two­dimensional material, and
temperature. Our findings reveal that the current­phase relation can show features indicative
of spontaneous time­reversal symmetry breaking [1].

Moreover, we investigate the same system as a possible solid­state implementation of a
Dicke­like quantum battery where Andreev bound states naturally act as non­interacting, en­
ergetically non­degenerate two­level systems, and the setup allows for both single­photon and
two­photon resonant processes. The coupling between the LC­circuit flux and the supercurrent
through the junction gives rise to peculiar longitudinal interaction terms that have no counter­
part in the conventional Dicke model. These additional couplings can enhance energy storage
for a proper range of parameters [2].

This work was supported by PNRR MUR project PE0000023­NQSTI; PRIN 2022­
2022XK5CPX (PE3) SoS­QuBa ­ “Solid State Quantum Batteries: Characterization and Op­
timization”; ICSC ­ Centro Nazionale di Ricerca in High­Performance Computing, Big Data
and Quantum Computing under project E63C22001000006; Università degli Studi di Catania,
project TCMQI PIACERI 2024/2026

[1] V. Varrica, G. Falci, E. Paladino, F. Pellegrino, Hybrid light­matter excitations and sponta­
neous time­reversal symmetry breaking in two­dimensional Josephson Junctions,
arXiv:2603:07256

[2] V. Varrica, G. Gemme, F. Pellegrino, E. Paladino, M. Sassetti, D. Ferraro, Quantum Bat­
teries in two­dimensional material­based Josephson Junctions, arXiv:2605:22582
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Quantum Network: quantum communication, computation, and
metrology

Jian­wei Pan

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

With the continued development of quantum information science, it is anticipated that large­
scale quantum networks will be established. Such networks are expected to enable ultra­precise
information sensing through quantummetrology, secure and efficient information exchange via
quantum key distribution (QKD) and quantum teleportation, and rapid information processing
through quantum computing.

However, turning quantum networks from theoretical concepts into practical reality still
faces numerous technical challenges. Achieving secure long­distance quantum communication
requires addressing security issues under realistic conditions and overcoming the inherent loss
in optical fibers, while building quantum computers demands solving the challenge of scalable
and precise manipulation of qubits.

In this talk, I review our two­decade efforts toward quantum networks, including: develop­
ing decoy­state QKD and measurement­device­independent (MDI) QKD to close device im­
perfections loopholes; progressing quantum repeaters and satellites to extend communication
range; using photon coherent manipulation techniques developed from quantum communica­
tion to demonstrate quantum computational advantage; employing ultracold atoms in optical
lattices for quantum simulations of complex systems, advancing near­term quantum computing
applications; surpassing the surface code quantum error correction threshold; and developing
high­precision optical lattice clocks using ultracold atom technology.

Future prospects include building a global quantum communication network using efficient
constellations and geostationary orbit (GEO) satellites. This will also support advanced quan­
tum metrology, potentially redefining the SI second. In quantum computation, our five­year
plan targets practical quantum simulators to study high­temperature superconductivity, quan­
tum Hall effect, etc. Over the next 10­15 years, scaling to millions of qubits with quantum
error correction may lay the foundation for universal quantum computers.
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Boltzmann subspaces and temperatures in systems driven far from
equilibrium

Uri Peskin, Saar Rahav, Yotam Gomeh, and Michael Iv

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

Out­of­equilibrium many­body quantum systems are generally not associated with a thermal
state. Yet, inspecting single molecule junctions in different scenarios, we found non­trivial
clustering of steady state populations into distinctive subspaces with Boltzmann­like statis­
tics, which persist far from equilibrium. The existence of Boltzmann subspaces simplifies our
understanding of transport in open quantum systems and holds promise for reducing the nu­
merical effort in simulations of driven molecular junctions which are otherwise beyond reach
of current computations. In this lecture we focus on molecules under a thermal bias imposed by
coupling to two electrodes at different temperatures. We demonstrate that within the realm of
weak electrode­molecule coupling (Pauli master equations), even far from equilibrium, Boltz­
mann subspaces do emerge and the system can be assigned (at least approximately) an effective
temperature. We demonstrate the emergence of Boltzmann subspaces under thermal bias and
identify the corresponding effective temperature in a variety of molecular junction models, in­
cluding account for electron­electron interaction, molecular disorder, asymmetric coupling to
the electrodes, and the orbital energy density. The relation of the Boltzmann subspaces tem­
perature to other definitions of a temperature in non equilibrium conditions, e.g., in terms of
external probes, is discussed. Our results draw guidelines for controlling the effective temper­
ature of single­molecule electronic devices operating far from equilibrium.

[1] M. Iv, S. Rahav and U. Peskin, Phys. Rev. Lett. 132, 110401 (2024)
[2] Y. Gomeh and U. Peskin, J. Chem. Phys. 163, 034122 (2025)
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Impact of surface scattering on photoelectron escape times

Walter Pfeiffer1, Andreas Gebauer1, Luis Maschmann1, Nikolay M. Kabachnik2, and Eugene
E. Krasovskii2

1Bielefeld University, 33615 Bielefeld, Germany
2Donostia International Physics Center, 20018 Donostia ­ San Sebastian, Spain

What determines the precise moment when a photoelectron escapes from a solid? We demon­
strate that the photoelectron escape time is not primarily determined by its inelastic lifetime but
is fundamentally governed by scattering at the material ­ vacuum interface. This interface scat­
tering couples propagating and evanescent partial waves–two emission channels with vastly
different escape times–leading to pronounced energy­dependent variations in photoemission
delays as function of final state energy. In quantum­mechanical terms, the electron simulta­
neously tunnels through the wall and exits through the door ­ and the interplay between both
ways out determines the actual escape time.

To elucidate this mechanism, we first discuss the photoemission dynamics within a one­
dimensional Kronig­Penney model, which clearly distinguishes the temporal behavior of prop­
agating versus evanescent contributions. Building on this theoretical foundation, we present
attosecond interferometric photoemission measurements on the topological insulators Bi2Te3
and Bi2Se3. Differential attosecond delays, i.e., relative photoemission delays between spin­
orbit­split core levels (Bi 5d, Te 4d, Se 3d) ­ despite nearly identical final­state continua ­ reveal
unexpectedly large relative delays of 30­100 as, far exceeding expectations from ballistic or
atomic models.

Quantitativemodelingwithin the one­step photoemission theory, combinedwith the Eisenbud­
Wigner­Smith delay formalism, reproduces the experimental findings and attributes them to
multiple scattering at the surface. This process mixes evanescent and propagating final states,
establishing the interface as a timing element of photoemission.

Our results bridge two long­standing concepts ­ tunneling dwell times and solid­state pho­
toemission delays ­ and identify differential attosecond delays as a robust and interpretable ob­
servable for ultrafast quantum dynamics in solids. The discovery that surface scattering alone
can advance or retard electron emission by tens of attoseconds provides new theoretical and
experimental access to correlation and transport phenomena at condensed­matter interfaces.
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Universal protection of quantum states from decoherence

Fabrizio Piacentini1, Francesco Atzori1,2, Salvatore Virzì1, Francesco Devecchi1,2, Domenico
Abbondandolo1,2, Alessio Avella1, Marco Gramegna1, Ivo Pietro Degiovanni1,3, and Marco

Genovese1,3

1INRIM, strada delle Cacce 91, Turin 10135, Italy
2Politecnico di Torino, Corso Castelfidardo, 39, Torino, 10129, Italy

3INFN, via P. Giuria 1, Torino, 10125, Italy

Decoherence, i.e. the inevitable coupling of quantum states to their environment, remains a
primary obstacle for the widespread diffusion of several quantum technologies. While the
Quantum Zeno Effect (QZE) [1,2] is a well­established quantum control method for sup­
pressing decoherence­induced noise, its application typically necessitates prior knowledge of
the quantum state to be protected [3­6]. In order to overcome this limitation, here we in­
troduce a new protocol named Quantum State Universal Protection (QSUP), providing state­
independent protection for arbitrary quantum states [7]. We experimentally demonstrate QSUP
using polarization­encoded single photon qubits in a quantum channel hosting aMach­Zehnder­
like interferometer (MZI), in which controlled decoherence is implemented via
birefringence. By spatially separating the qubit polarization components within the MZI arms,
we apply frequent QZE­projections on each polarization component to stabilize the state against
birefringence­induced decoherence. Our experimental results [7] show near­unity Fidelity and
Purity for the QSUP­assisted qubit transmission in several different scenarios, dramatically in­
creasing the robustness and reliability of the transmitted quantum information. Our strategy is
universally applicable, since it is independent of the form of decoherence occurring within the
quantum channel as well as of the specific quantum state undergoing QSUP, in contrast to state­
dependent protection schemes or tailored quantum error­correction codes. As such, it provides
a broadly applicable solution for quantum communication, distributed quantum sensing, and
quantum computation.

[1] B. Misra and E. C. G. Sudarshan, The zeno’s paradox in quantum theory. J. of Math. Phys.
18, 756 (1977).

[2] W. M. Itano, D. J. Heinzen, J. J. Bollinger, and D. J. Wineland, Quantum zeno effect. Phys.
Rev. A 41, 2295 (1990).

[3] F. Piacentini et al., Determining the quantum expectation value by measuring a single pho­
ton. Nat. Phys. 13, 1191 (2017).

[4] E. Rebufello et al., Protective Measurement ­ A New Quantum Measurement Paradigm:
Detailed Description of the First Realization. Appl. Sci. 11, 4260 (2021).

[5] S. Virzì et al., Quantum zeno and anti­zeno probes of noise correlations in photon polariza­
tion. Phys. Rev. Lett. 129, 030401 (2022).

[6] S. Virzì et al., Sensing microscopic noise events by frequent quantummeasurements. Phys.
Rev. Appl. 21, 034014 (2024).

[7] F. Atzori et al., Universal Protection of Quantum States from Decoherence.
arXiv:2602.18327 (2026).
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Radio frequency to optical transducer based on a soft­clamped
membrane

Francesco Marzioni1,2, Giacomo Novelli1, Riccardo Natali1,2, Michele Bonaldi3,4, Antonio
Borrielli3,4, Enrico Serra4,5, Nicola Malossi1,2, David Vitali1,2,6, Giovanni Di Giuseppe1,2,

and Paolo Piergentili1,2

1University of Camerino, School of Science and Technology, Section of Physics, Via Madonna
delle Carceri 9b, 62032 Camerino, Italy

2INFN, Sezione di Perugia, 06123 Perugia, Italy
3Institute of Materials for Electronics and Magnetism, Nanoscience­Trento­FBK Division,

38123 Povo, Italy
4INFN, TIFPA, 38123 Povo, Italy

5Microelectronics Department, EEMCS Faculty, Delft University of Technology, 2628 CD
Delft, The Netherlands

6CNR­INO, L.go Enrico Fermi 6, 50125 Firenze, Italy

The transduction of quantum signals at different energy scales plays a crucial role in Quan­
tum Technologies [1]. Since optical spectrum is well­suited for long­distance communica­
tion, while lower frequencies of the electromagnetic field prove advantageous for precise local
quantum operations, achieving coherent conversion between optical and microwave/radio fre­
quency (mw/rf) photons is one of the primary tasks of a transducer. In this talk we present a
complete characterization of a nanomechanical oscillator, which might be used for the real­
ization of a novel electro­optomechanical device that can be implemented for the sympathetic
cooling of the LC circuit [2], and as building block of an rf/mw­optical transducer [3]. The key
element of the device is a mechanical resonator based on a TiN­coated circular Si3N4 mem­
brane, optically coupled via radiation pressure and capacitively coupled to an electrical circuit
through two electrodes. Since a primary thermodynamical cooling of the device is employed
for achieving a quantum regime, the quality factor of the mechanical oscillator has been char­
acterized at room and cryogenic temperatures by means of homodyne detection and ring­down
technique. For mechanical frequencies in theMHz range, a quality factor of 106 and over 6x107
at room temperature and below 100 mK, respectively, is measured by means of stroboscopic
technique [4]. Moreover, the shift of the fundamental mode of the oscillator and the electro­
mechanical induced transparency as a function of the potential difference between the device
electrodes are reported as evidence of the presence of the electro­mechanical coupling.

We acknowledge the support of the PNRR MUR Project No. PE0000023­NQSTI (Italy).

[1] Y. Chu, S. Gröblacher, Appl. Phys. Lett. 117, (2020) 150503
[2] N. Malossi, P. Piergentili, J. Li, E. Serra, R. Natali, G. Di Giuseppe, D. Vitali, Phys. Rev.

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

P.M. Sarro, E. Serra, D. Vitali, Entropy 25(7), (2023) 1087
[4] F. Marzioni, R. Natali, M. Bonaldi, A. Borrielli, E. Serra, B. Morana, F. Marin, F. Marino,

N. Malossi, D. Vitali, G. Di Giuseppe, P. Piergentili, Appl. Phys. Lett. 126, (2025) 174002
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Quantum Rabi Model in the slow Oscillator Regime

Fabio Pistolesi

Université de Bordeaux and CNRS, Cours de la Liberation, Talence, France

The quantum Rabi model is a fundamental building block in quantum optics and, more broadly,
in qubit manipulation and detection. In the resonant case, where the oscillator frequency ωm

is close to the two­level system (TLS) splitting∆, the model reduces to the celebrated Jaynes­
Cummings model. A less explored regime occurs when ωm≪ ∆, and the coupling constant is
sufficiently large to induce a sizable anharmonic behavior in the oscillator, since this implies a
coupling constant of the order of the oscillator frequency.

We investigated this regime by studying a TLS formed by a double­quantum dot embedded
in a carbon nanotube, coupled to the second flexural mode of the nanotube [1]. In this talk,
I will discuss the dynamics of this system in the presence of environmental coupling to both
the oscillator and the TLS, and I will outline the different regimes that emerge depending on
the physical parameters [2]. This study is primarily motivated by ongoing experiments in the
ICFO group [3] where this regime of strong coupling has been achieved.

[1] F. Pistolesi, A. Cleland, A. Bachtold, Phys. Rev. X 11, 031027 (2021).
[2] J. Franz, F. Pistolesi (in preparation).
[3] C. B. Møller, R. Tormo­Queralt, V. Román­Rodríguez, E. Vázquez­Rodríguez, M. Cagetti,

E. Mateos­Madinabeitia, J. Franz, S. Forstner, L. Ornago, M. El Abbassi, S. Jung, A. N.
Cleland, D. A. Czaplewski, F. Pistolesi, and A. Bachtold, (under review).
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Phase stabilization for next­generation long­distance quantum networks

M. V. Jabir1, D. H. Ahn1,2, N.F. R. Annafianto1, I. A. Burenkov1,2, M. Merzouki1, P. Kuo1, T.
Gerrits1, A. Battou1, and S. V. Polyakov1,3

1National Institute of Standards and Technology, Gaithersburg, MD 20899, USA
2Joint Quantum Institute & University of Maryland, College Park, MD 20742, USA
3Department of Physics, University of Maryland, College Park, MD 20742, USA

Tracking and stabilizing the optical phase over long­distance fiber infrastructure is crucial for
next­generation phase­sensitive networking protocols. An additional challenge for quantum
and faint­light networking is keeping the payload channel dark at the same time. Indeed, phase
stabilization enables the so­called single rail entanglement distribution, that not only can dras­
tically improve the rate of entanglement distribution but also enable key quantum repeater
protocols. Those protocols were out of reach for practical networks because quantum compati­
ble phase control was considered impossible. Indeed, a strong classical optical phase reference
was required until now. That in turn introduces classical­to­quantum crosstalk: bright and
broadband noise in quantum channels. Such a noise is not compatible with quantum signals.

Here, we demonstrate two distinct approaches to phase­stabilize a long distance quantum
link: time­division multiplexed (TDM) phase stabilization that takes advantage of the quantum
phase estimation and thereby needs just 650,000 photons per second at the receiving detector [1]
and wave­division multiplexed (WDM) phase stabilization with picowatt­level signals, which
keep the quantum payload channel dark and stabilized [2].

We use faint coherent light from an ultra­narrowband laser at 1550 nm to stabilize the
120 km optical fiber loop deployed between NIST (Gaithersburg) and UMD (College Park).
An attenuated ultra­stable reference laser is time multiplexed (TDM) or used to generate a
frequency comb (WDM). One arm of the interferometer carries the signal through a long optical
fiber spool or a deployed fiber loop, while the other arm is used as a local oscillator.

TDM takes advantage of a displacement quantum phase estimation, i.e. when the reference
signal is set to distructively interfere with the single­photon level reference signal. The suc­
cess of such displacement is verified with a single photon detector such that even one photon
detection suggests the need to adjust the phase. This technique outperforms an idealized clas­
sical phase measurement by 1.4dB in deployed fiber. WDM takes advantage of two teeth of a
frequency comb and keeps the quantum channel dark with a minimal background of just 500
photons s−1. In both schemes, we obtain phase stabilization with RMS timing jitter of ≈0.1 fs.
In other words, a 120 km link is stabilized to within approximately 4 nm, or to a fraction of
approximately 3×10−13!

[1] M.V. Jabir et. al., Optica 12, 570–576 (2025) https://doi.org/10.1364/OPTICA.540759
[2] D. Ahn et al., Optica, 13, 511­518 (2026) https://doi.org/10.1364/OPTICA.586649
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Sources, Frequency Bands, and Instruments: An Overview of Existing
and Planned Gravitational­Wave Detectors with a Focus on the Einstein
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Michael Prouza

Institute of Physics, Czech Academy of Sciences, Na Slovance 2, Praha 8, Czech Republic

This talk provides an overview of existing and planned gravitational­wave detectors.

It begins with a review of the expected sources of gravitational waves and their characteris­
tic frequency bands, including hypothetical sources such as primordial black hole populations.

Then the principles and capabilities of different types of existing and future detectors op­
erating across these frequency bands are discussed.

Particular attention is devoted to the Einstein Telescope, the planned next­generation under­
ground gravitational­wave observatory in Europe. The presentation introduces the three candi­
date sites for the facility and compares the advantages and disadvantages of the two proposed
detector geometries: the triangular configuration and the classical L­shaped configuration.

The final part of the talk focuses on the astrophysical and cosmological sources that are
expected to be detectable with the Einstein Telescope.
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Out­of­equilibrium stochastic dynamics in power­law viscoelastic and
non­Ohmic thermal environments

David Santiago Quevedo

Utrecht University, Europaplein 1061, Utrecht, Netherlands

When particles diffuse in viscoelastic and non­Ohmic thermal environments, the resulting ef­
fective Langevin description becomes non­Markovian, exhibiting memory kernels and col­
ored noise. In many cases, such environments lack a single relaxation scale and instead ex­
hibit a broad continuum of timescales. This naturally leads to the use of fractional operators
and fractional Gaussian noises in effective descriptions because of their scale­free and fractal­
like properties. In this talk, I will present recent results on the fractional Langevin equation
for out­of­equilibrium systems. Two types of forces driving out­of­equilibrium dynamics are
discussed: linear white noise and rotational self­propulsion. In the first case, the long­range
memory effects drive the emergence of prethermal periodic time­ordered phases, such as time
crystals and time glasses, which are robust against white noise. In the second, counterintuitive
persistent properties arise from the viscoelastic rotational dynamics. Finally, a general path­
integral formalism for non­Markovian fractional settings is discussed, and an analytical route
to simplify the propagator for heterogeneous processes driven by fractional Gaussian noise is
provided.

[1] D.S. Quevedo, R.C. Verstraten, C. Morais Smith, Phys. Rev. A 110 (2024) 052208
[2] D.S. Quevedo, M. Conte, M. Dijkstra, C. Morais Smith, arXiv:2512.20205v1 (2025)
[3] D.S. Quevedo, F.S. Abril­Bermúdez and C. Morais Smith, arXiv:2512.20205v1 (2026)
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Information engines with self­propelling particles

Laura Hoek2, Neta Ben Ari1, Remi Goerlich2, Yael Roichman2, and Saar Rahav1

1Schulich Faculty of Chemistry, Technion ­ Israel Institute of Technology, Technion City,
Haifa 3200008, Israel

2School of Chemistry, Raymond and Beverly Sackler Faculty of Exact Sciences, Tel Aviv
University

Information engines, setups that use measurements to extract additional work from a system,
serve as examples for the deep connections between thermodynamics and information theory.
In most studies the particles inside the engine are assumed to perform Brownian motion. In
recent years much interest was devoted to the study of active matter, consisting of internally
driven particles. How does the conversion of information to work changes when the particles
inside the engine are active? We find qualitative differences between information engines with
thermal and active particles. These turn out to originate from the tendency of active particles to
bunch at boundaries. We further discuss the possible role of inelastic collisions in such systems,
finding how they affect the pressure due to repeated collisions with the walls.
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Interferometry with Bose­Einstein condensates in extended free fall

Ernst Maria Rasel

on behalf of the QUANTUS and MAIUS­BEE Teams
Leibniz University Hannover, Institute of quantum optics, Welfengarten 1, Hannover,

Germany

In the talk, I will report on experiments exploiting quantum degenerate gases for atom optics
and interferometry in extended free fall.

New perspectives emerge for our research by exploiting the Bremen gravitower and the
Hannover Einstein Elevator, they do offer two to four seconds of free fall in microgravity,
respectively, but more importantly, they both offer much larger repetition rates and, hence,
allow for more detailed systematic studies and better statistics.

This work was supported by the DLR German Aerospace Center with funds provided by
the Federal Ministry for Economic Affairs and Energy (BMWi) within the QUANTUS­MAIUS
projects as well as by the DFG supports within QuantumFrontiers.
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Magnetically Levitated Systems Approaching the Quantum Regime

Pietro Oreglia1,3, Andrea Marchese2, Daniele Contessi6, Alessio Recati1,3, Gianluigi
Catelani3,4, Andrea Vinante2, and Gianluca Rastelli 1,3

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

2IFN­CNR and Fondazione Bruno Kessler, Via alla Cascata 56, 38123 Povo, Trento, Italy
3INFN­TIFPA, Via Sommarive 14, 38123 Povo, Trento, Italy

4JARA Institute for Quantum Information, Forschungszentrum Jülich, 52425 Jülich, Germany
5Quantum Research Center, Technology Innovation Institute, Abu Dhabi 9639, UAE

6Traverlbrain srl, Via Scipio Sighele 5, 38122 Trento TN

Studying the boundary between quantum and classical physics in macroscopic systems is a
central challenge in modern physics. In this context, levitated systems are becoming increas­
ingly important because they provide excellent isolation and avoid clamping losses, enabling
improved quantum control of mechanical motion compared to traditional micro­ and nano­
mechanical resonators. Beyond optical tweezers, magneto­levitated systems based on static
superconducting traps that exploit the Meissner effect are particularly promising, as they op­
erate at cryogenic temperatures and exhibit exceptional immunity to dissipative effects.

Achieving quantum superpositions of massive objects in magnetically levitated systems
requires overcoming two major challenges: (i) explaining the ultimate mechanisms of friction
in such systems, and (ii) cooling them to the quantum ground state.

To address the first issue, we have examined the dissipation arising from surface resistance
due to the unavoidable presence of quasiparticles. At the extremely low (sub­gap) frequencies
of interest, this dissipation does not stem from Cooper­pair breaking, but rather from the os­
cillatory, damped motion of quasiparticles at finite temperatures. Our goal is to establish an
upper bound on the intrinsic dissipation of this class of levitated systems.

To address the second issue, we carried out a first proof­of­concept experiment in which
we cooled the angular motion of a levitated micromagnet in a superconducting Meissner trap
using magnetic feedback. We analyzed the experimental data with a theoretical model tailored
to our feedback scheme. Starting from an operating temperature of a few kelvin, we cooled the
system down to a few millikelvin. We also discuss how lower temperatures could be reached
through improvements in the performance of the experimental apparatus.

Finally, I will discuss preliminary results from a theoretical study exploring the use of
a machine­learning­based strategy (reinforcement learning) to enhance the feedback cooling
process. This approach introduces an adaptive agent that controls the feedback in real time,
with the ultimate goal of reaching the quantum regime of a massive levitated system.

P. O., A. R.and G.R. acknowledge financial support from Provincia Autonoma di Trento
(PAT) and the Q@TN initiative in Trento.
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Entanglement Propagation in quantum dots

Linda Reichl

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

The Heisenberg exchange interaction plays an important role in the scatterng of entangled elec­
trons in spin qubits. We analyse an exactly solvable scattering problem for entangled electrons
in a GaAs/AlGaAs waveguide containing multiple quantum dots. We show that scattering
resonances determine the dynamics of the scattering process for the entangled electrons.
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Charge transfer through DNA ­ A new perspective from Human Genetics

Mirko Rossini1, Dennis Herb1, Reiner Siebert2, Constantinos Simserides3, Rosa Di Felice4,
and Joachim Ankerhold1

1Institute for Complex Quantum Systems ­ Ulm University, Albert­Einstein­Allee 11, Ulm,
89081, Germany

2Institute for Human Genetics ­ Ulm University, Albert­Einstein­Allee 11, Ulm, 89081,
Germany

3Faculty of Physics ­ National and Kapodistrian University of Athens, Greece
4University of Southern California, Los Angeles USA and CNR­NANO­S3, Italy

The hypothesis that quantum effects could influence the functioning of DNA in living cells at
the molecular level has existed for a long time [1,2]. However, the question of whether this
hypothesis is founded remains unanswered, as it is still unclear if quantum phenomena could
occur at the necessary scale to affect biological processes, and if so, if they could influence the
epigenetic regulation of cells.

We propose a clear formulation of this hypothesis in the form of a well­defined research
question [3]. To this end, we put forward a potential mechanism that could enable quantum
influences on DNA self­regulation, based on the idea that charge transfer could serve as an
underlying mechanism to trigger the regulation of gene expression in cells. We then develop
a complex, coarse­grained model that can capture the essential features of DNA and be scaled
up to tens of bases, in order to address the typical scales of epigenetic mechanisms in living
cells [4­6]. Finally, we will outline the next steps of our research and present a sketch of
the experimental setup that is currently being developed, with the aim of further refining and
validating the theoretical modelling that has been carried out so far.

[1] J. C. Genereux and J. K. Barton, Chem. Rev. 110 (2010) 1642.
[2] B. Giese, Acc. Chem. Res. 33 (2000) 631.
[3] R. Siebert, M. Rossini et al., Clin. Epigenetics 15 (2023) 160.
[4] D. Herb, M. Rossini and J. Ankerhold, Phys. Rev. E 109 (2024) 064413.
[5] M. Rossini, O. Ammerpohl, R. Siebert and J. Ankerhold, Sci. Rep. 15 (2025) 17543.
[6] D. Herb, M. Trenti, M. Mantela, C. Simserides, J. Ankerhold and M. Rossini, Comput.

Phys. Commun. 313 (2025) 109626.
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Aharonov­Bohm, Kennard Phase, and Three­Slit Dynamics in
Pilot­Wave Hydrodynamics

Georgi Gary Rozenman1, Joel Been1, Arnaud Lazarus1,2, and John W M Bush1

1Massachusetts Institute of Technology, Department of Mathematics, 77 Massachusetts
Avenue, Cambridge, USA

2Institut Jean Le Rond d’Alembert, CNRS UMR7190, Sorbonne Universit’e, Paris, France

A millimetric droplet bouncing on a vertically vibrating fluid bath may self­propel through a
resonant interaction with its own wave field. The resulting “walker”, a particle dynamically
coupled to a guiding wave, provides a macroscopic realization of de Broglie’s pilot­wave con­
ception of quantum dynamics, and has revealed hydrodynamic analogs of phenomena once
thought exclusive to the microscopic quantum realm. We present several recent advances.
First, we report an experimental analog of the Aharonov­Bohm effect: a walker orbiting in an
annular cavity that encircles a shielded vortex, lying beyond the reach of its flow, nonetheless
acquires a force­free, flux­dependent shift in its orbital speed, yieldingWigner­like phase­space
distributions with a rigid, gauge­like translation. Second, we characterize a hydrodynamic ana­
log of the cubic­in­time Kennard phase, and identify a Kennard critical point marking a sharp
transition in the walker’s drift dynamics. Third, we present exotic looped trajectories, novel
orbital states reminiscent of the looping paths summed over in Feynman’s path­integral con­
struction of the propagator. Finally, we show how the pilot­wave framework may be tuned to
emulate rotating black holes, capturing ergoregion­like structure and superradiant energy ex­
change. Collectively, these results extend the reach of hydrodynamic quantum analogs from
gauge physics to analog gravity, deepening their connection to the foundations of quantum
mechanics.

JB acknowledges the support of the Office of Naval Research (ONR) through grant N00014­
24­1­2232 and the National Science Foundation (NSF) through grant CMMI­2154151. G.G.R.
acknowledges additional support from the MIT School of Science Research Innovation Seed
Fund.

[1] G. G. Rozenman, K. I. McKee, A. Lazarus, V. Frumkin, and J. W. M. Bush, “Observation
of the Aharonov­Bohm Effect in Pilot­Wave Hydrodynamics,” arXiv:2512.21263 (2025).

[2] O. S. Magaña­Loaiza et al., “Exotic Looped Trajectories of Photons in Three­Slit Interfer­
ence,” Nature Communications 7, 13987 (2016).

[3] G. G. Rozenman, L. Shemer, and A. Arie, “Amplitude and Phase of Wave Packets in a
Linear Potential,” Physical Review Letters 122, 124302 (2019).

[4] B. Mashhoon, “Gravitoelectromagnetism: A Brief Review,” arXiv:gr­qc/0311030 (2003).
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Molecular entropic forces and scaling laws in chaperone­driven
nanofilament unbundling

Miguel Rubi

University of Barcelona, Diagonal 647, Barcelona, Spain

Entropic forces are central to nanoscale phenomena ranging from colloidal self­assembly to
biomolecular disaggregation. Here, we combine an exact analytical theory with a coarse­
grained computational approach to derive general scaling laws for tether­mediated entropic
forces in nanofilament bundles. We find that a single dimensionless parameter, the ratio of
excluded­volume radius to tether length, determines whether filaments are pushed apart or,
paradoxically, pulled together, challenging the assumption that entropic forces invariably pro­
mote disaggregation. Applied to amyloid α­synuclein disaggregation by Hsp70, we identify
two classes of entropic effects (intra­ and inter­protofilament) and show that only highly effi­
cient chaperone systems, requiring co­chaperone networks and ATP hydrolysis, can overcome
the free energy barrier of lateral protofilament association. These results, confirmed by Brow­
nian dynamics simulations and supported by high­speed atomic force microscopy data, offer
predictive insights for biophysics, soft matter, nanotechnology, and the design of therapies
targeting protein­aggregation diseases.

[1] J. M. G. Vilar, J. M. Rubi, and L. Saiz, “Chaperone­Driven Entropic Separation of Amyloid
Nanofilament Bundles,” Phys. Rev. X 15, 1 (2025).

[2] J. M. G. Vilar, J. M. Rubi, and L. Saiz, “Scaling Laws and Paradoxical Metastable States
in Nanofilament Entropic Separation,” J. Chem. Phys. 164, 124905 (2026).
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pyTTN: A tree tensor network based open­source toolbox for open and
closed system quantum dynamics simulations and its application in

quantum algorithms

Ivan Rungger1,2, Lachlan P Lindoy1, Daniel Rodrigo­Albert1, and Yannic Rath1

1National Physical Laboratory, Hampton Road, Teddington, United Kingdom
2Royal Holloway, University of London, Egham, TW20 0EX, United Kingdom

We present the Python Tree Tensor Network package (pyTTN) for the evaluation of dynamical
properties of closed and open quantum systems that makes use of Tree Tensor Network (TTN)
based representations of wavefunctions [1], and also demonstrate its integration in quantum
algorithms. This package includes several features allowing for easy setup of zero­ and finite­
temperature calculations for general Hamiltonians using single and multi­set TTN ansätze with
an adaptive bond dimension through the use of subspace expansion techniques. pyTTN pro­
vides several tools for setting up efficient simulation of open quantum system dynamics, in­
cluding the use of the TTN ansatz to represent the auxiliary density operator space for the
simulation of the Hierarchical Equation of Motion (HEOM) method and generalised pseudo­
mode methods. We present a set of applications of the package, including photo­excitation and
exciton dynamics in molecules, as well as open quantum systems, including the spin­boson
model, a set of extended dissipative spin models, and an Anderson impurity model. We also
present an Anderson impurity solver integrating tensor network methods with quantum com­
puting [2], thereby exploiting the efficiency of tensor networks for preparing ground states on
classical computers and taking advantage of quantum processors for the evaluation of the time
evolution, which can become intractable on classical computers.

This work was supported by the Engineering and Physical Sciences Research Council
[grant EP/Y005090/1], Innovate UK ­ UKRI through grant 1468/10074167, and the UK Gov­
ernment Department of Science, Innovation and Technology through the UKNational Quantum
Technologies Programme. UK National Quantum Technologies Programme.

[1] J. Chem. Phys. 163 (2025) 202501
[2] APL Quantum 2 (2025) 016121
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Lindblad master equation for deep strong coupling regime of the
quantum Rabi model

Peter Samuelsson1, Daniel Holst1, and Patrick P Potts2

1Physics Department, Lund University, Professorsgatan 1, S­223 63 Lund, Sweden
2Department of Physics, University of Basel, Klingelbergstrasse 82, CH­4056 Basel,

Switzerland

The quantum Rabi model, describing a two­level system ­ a qubit ­ dipole coupled to a single
electric field mode, constitutes a fundamental quantum model of light­matter interaction. Re­
cent experiments have put the focus on the deep strong coupling regime of the model, when the
light­matter coupling strength exceeds the mode frequency. For the field mode further coupled
to a thermal bath ­ an open quantum system ­ the existing quantummaster equations describing
the deep strong coupling regime are typically formulated in terms of the exact eigenvalues and
eigenfunctions of the quantum Rabi model, and hence amenable to numerical analysis only.
Here we derive a simple Lindblad master equation, formally valid in the perturbative deep
strong coupling regime where the light­matter coupling strength is much larger than the mode
frequency. The Lindblad equation is benchmarked against the corresponding Bloch­Redfield
equation and very good agreement is found for both equilibrium as well as non­equilibrium
­ transport as well as time­dependent ­ situations. Both numerical and analytical results are
discussed.
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Dissipation as a Resource: From Transient to Steady­State Chaos

Lea F Santos

University of Connecticut, 196A Auditorium Rd Unit 3046, Storrs, USA

Ginibre statistics is often taken as an indicator of dissipative chaotic dynamics. However,
we have shown that the Grobe­Haake­Sommers conjecture, which associates Ginibre statistics
with chaos and 2D Poisson statistics to integrability, can break down. Our results indicate that
Ginibre correlations primarily capture short­time dynamical instability, and therefore signal
transient, rather than steady­state, chaos. We demonstrate that the quantum­classical corre­
spondence can be restored by adopting a dynamical perspective based on information scram­
bling. In particular, diagnostics such as the von Neumann entropy and out­of­time­ordered
correlators distinguish transient from long­time chaotic behavior. Building on these findings,
we further show that dissipation can serve as a tool to regulate the duration of chaotic dynamics
and information scrambling, enabling the recovery of coherence at long times.

This work was supported by the DOE.

[1] D Mondal, LF Santos, S Sinha, Phys. Rev. Lett. 136, 040401 (2026)
[2] D Villaseñor, LF Santos, P Barberis­Blostein, Phys. Rev. Lett. 133, 240404 (2024)
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Fabry­Perot interferometry with stochastic anyonic sources
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3Department of Physics, United Arab Emirates University, United Arab Emirates

We investigate the interference of Laughlin quasiparticles (QPs) in the fractional quantum Hall
regime that are stochastically injected into a Fabry­Perot interferometer [1]. We find that the
effective Aharonov­Bohm (AB) phase accumulated along the interferometer loop acquires an
additional contribution of sin(2πλ)/2 per QP present on it, where πλ is the QP exchange phase.
This contribution originates from time­domain braiding processes associated with injected QPs
passing the interferometer quantum point contacts. In the limit of symmetric QP injection,
the tunneling current noise exhibits AB oscillations as a function of the total injected current,
providing access to the exchange phase πλ. In the regime of large total injection, we identify a
universal Fano factor that displays power­law scaling and a characteristic phase shift reflecting
real­space QP braiding along the interferometer edges. These results are relevant for accessing
anyonic exchange statistics in mesoscopic interferometers.

TLS acknowledges support by the QuantERA grant MAGMA from the National Research
Fund Luxembourg under Grant No. INTER/QUANTERA21/16447820/MAGMA.

[1] Fabry­Perot interferometry with stochastic anyonic sources, Sarthak Girdhar, Edvin G.
Idrisov, Thomas L. Schmidt, arXiv:2603.05052 [cond­mat.mes­hall] (2026)
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NMR: From Strong­Correlation to Life Sciences

Peter Schmitteckert
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Nuclear Magnetic Resonance (NMR) is one of the most important tools for the structure
analysis of molecules and a widely used technique in chemical and pharmaceutical industry.
I briefly introduce our approach to calculate NMR spectra starting from the SMILES descrip­
tion 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 after averaging over conformers
and rotamers. The resulting NMR Hamiltonian is a Heisenberg Hamiltonian with site depen­
dent magnetic fields (chemical shifts). Although this Hamiltonian is strongly correlated, the
corresponding NMR spectral functions can be calculated using a clustering approach due to
the large gyromagnetic rations of the relevant nuclei.

Recently we enhanced our NMR simulation techniques to perform an automatic adaption
of the obtained NMR parameter to experimental data. Using this technique we can determine
accurate reference parameter for NMR spectra.

In a next step we are using these reference parameter to extract the concentration of com­
pounds from the NMR spectrum of mixtures for example for applications in metabolomics like
the analysis of urine and blood.

This work was supported by the German Federal Ministry of Education and Research,
through projects QSolid (13N16155) as well as the European InnovationCouncil (EIC), through
the Horizon Europe EIC Transition project HQS­NextNMR (grant agreement 101214526).

[1] Fratus et al., “Can a Quantum Computer Simulate Nuclear Magnetic Resonance Spectra
Better than a Classical One?”, arXiv:2508.06448
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Quantum Zeno effect versus adiabatic quantum computing and quantum
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Germany

For the adiabatic version of Grover’s quantum search algorithm as proposed by Roland and
Cerf, we study the impact of decoherence caused by a rather general coupling to some envi­
ronment. For quite generic conditions, we find that the quantum Zeno effect poses strong limi­
tations on the performance (quantum speed­up) since the environment effectively measures the
state of the system permanently and thereby inhibits or slows down quantum transitions. Gen­
eralizing our results, we find that analogous restrictions should apply universally to adiabatic
quantum algorithms and quantum annealing schemes which are based on isolated Landau­
Zener type transitions at avoided level crossings (similar to first­order phase transitions). As
a possible resort, more gradual changes of the quantum state (as in second­order phase tran­
sitions) or suitable error­correcting schemes such as the spin­echo method may alleviate this
problem.
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Quantum optics in curved spacetime: Surprises and insights

Marlan Scully

Texas A&M University
Baylor University

Princeton University

An atom uniformly accelerated in Minkowski vacuum can become excited by emitting a pho­
ton. This is known as Unruh acceleration radiation. The energy required to emit the photon by
the accelerated atom is gained from the atom’s kinetic energy. Using a combination of quan­
tum optics and general relativity, we showed that atoms freely falling into a black hole emit
radiation. We call the emitted radiation Horizon Brightened Acceleration Radiation (HBAR)
and note that it is very similar to Hawking radiation, as we discuss in [1,2].

[1] M. O. Scully, S. Fulling, D. M. Lee, D. N. Page, W. P. Schleich and A. A. Svidzinsky,
Quantum optics approach to radiation from atoms falling into a black hole, PNAS 115
(2018) 8131.

[2] M. O. Scully, A. A. Svidzinsky and W. Unruh, Quantum optics in curved spacetime: Sur­
prises and insights, Int. J. of Mod. Phys. D 34 (2025) 2543004.
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Entropy production and its model­free inference

Udo Seifert
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Entropy production is a central and broadly applicable measure of nonequilibrium behavior in
systems coupled to a heat bath, including driven soft and active matter and bio­molecular sys­
tems. Despite its fundamental role, both the theoretical identification and experimental infer­
ence of entropy production remain challenging, largely because many contributing degrees of
freedom are experimentally inaccessible. This raises the key question of how entropy produc­
tion can be consistently identified and inferred from coarse­grained models and observations
[1].

I will show how model­free lower bounds on entropy production can be obtained from the
observation of currents via the thermodynamic uncertainty relation, demonstrated with exper­
imental data on the molecular motor kinesin [2]. Tighter bounds and a thermodynamically
consistent identification of entropy production along individual coarse­grained trajectories are
achieved using waiting­time distributions together with the concepts of Markovian events and
Markovian snippets [3,4]. As an application, I present results from experimental data on the
unfolding of a small peptide [5].

[1] for a recent review: U. Seifert, Nat. Rev. Phys. accepted, arxiv 2512.07772
[2] P. Pietzonka, A. C. Barato, and U. Seifert, J. Stat. Mech., 124004, 2016
[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
[5] J. Degünther, J. van der Meer, and U. Seifert, PNAS 121, e2405371121, 2024
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Measurement­induced phase transitions (MIPTs) in monitored quantum systems are typically
diagnosed using entanglement­based measures. Here, we develop a complementary thermody­
namic perspective based on the arrow of time (AoT), which arises from the intrinsic irreversibil­
ity of the quantum measurements driving these transitions. We study the AoT–defined as the
logarithmic ratio of forward and backward trajectory probabilities–across a family of models
exhibiting MIPTs. We find that, like entanglement entropy, the AoT is a nonlinear functional
of the averaged density matrix; however, in contrast to entanglement, it is associated with a
local operator. To determine whether the AoT exhibits critical behavior, we formulate and
exactly solve a model of a random quantum circuit with non­projective measurements. This
allows us to analytically demonstrate that the AoT displays nonanalytic behavior and identify
its critical exponent. Our results establish the AoT as a novel diagnostic for phase transitions
in monitored quantum systems.

This work was supported by the European Research Council (ERC) under the European
Union Horizon 2020 research and innovation programme under grant agreement No. 951541.
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Quantum states and phases underlying collective dissipation phenomena

Ephraim Shahmoon
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We introduce a new family of collective spin states which, although being quantum entangled
states, are responsible for the emergence of classical macroscopic response to light. We call
these states coherently radiating spin states (CRSS), study their entanglement properties, the
way they are produced, and how they underlie collective dissipation phenomena. In partic­
ular, we show that CRSS are naturally realized in superradiance and underlie the dissipative
Dicke phase transition, hence predicting the optimal scaling of spin squeezing in superradi­
ance, and its classical­like radiation. In a realistic system, where individual decay competes
with collective dissipation, we show how the system develops a quantum bistability, exhibit­
ing many­body quantum jumps between CRSS and a non­entangled state. More generally,
CRSS emerge as ground states of an Ising Hamiltonian and underlie its quantum phase transi­
tion. CRSS thus provide a promising concept for studying many­body spin systems in various
platforms, with applications ranging from quantum metrology and lasing to phase transitions.

[1] O. Somech and E. Shahmoon, “Quantum entangled states of a classically radiating macro­
scopic spin”, PRX Quantum 5, 010349 (2024).

[2] N. Leppenen and E. Shahmoon, “Quantum bistability at the interplay between collective
and individual decay”, preprint: arXiv: 2404.02134

[3] O. Somech, Y. Shimshi and E. Shahmoon, “Heisenberg­Langevin approach to driven su­
perradiance”, Phys. Rev. A 108, 023725 (2023).

[4] Y. Shimshi and E. Shahmoon, “Dissipative phase transition and metrology in collectively
pumped superradiance”, preprint: arXiv:2408.12243
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Quantum capacitances and resistances of electron boxes and transistors
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1B. Verkin Institute for Low Temperature Physics and Engineering, Kharkiv, Ukraine
2V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

3Department of Mathematics, Kyiv School of Economics, Kyiv, Ukraine
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The issue of coupling quantum systems to classical ones appeared from the very first days of
quantum physics. One notable example is the Bohr­Einstein photon box thought experiment.
While such thought experiments could not be realized a century ago, when quantummechanics
was still being formulated, experimentalists now routinely work with coupled classical and
quantum systems. In contrast to natural quantum systems (like photons), artificial ones are
often operated dynamically and are coupled to driving and readout electronics [1].

In our work [2], we are interested in dissipative semiclassical systems, where a classical
electromagnetic field is used to probe a quantum electronic system. The effective reactance
may include capacitive and inductive terms that incorporate geometric, quantum, and tunneling
components; while the effective resistance may be composed of Sisyphus and Hermes terms
linked to relaxation and decoherence, respectively.

Our approach demonstrates how to introduce quantum and tunneling capacitances as well
as Hermes and Sisyphus resistances, and how these values are modified when the dynamics
of the subsystems become mutually dependent. We present the cases of a Cooper­pair box, a
single­Cooper­pair transistor, a double quantum dot, and a single­electron box. Our approach
is quite general, and such quantum reflectometry provides a convenient part of the quantum
toolbox.

This work was supported by the National Research Foundation of Ukraine (Grant No.
2025.07/0044).

[1] F. Vigneau, F. Fedele, A. Chatterjee, D. Reilly, F. Kuemmeth, M.F. Gonzalez­Zalba, E.
Laird, and N. Ares, Probing quantum devices with radio­frequency reflectometry, Appl.
Phys. Rev. 10, 021305 (2023).

[2] O.Yu. Kitsenko, S.N. Shevchenko, L. Peri, F. Nori, Reflections on Quantum Reflectom­
etry: Quantum and Tunneling capacitances as well as Sisyphus and Hermes resistances,
arXiv:2604.20790 (2026).
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Judea Pearl Meets Yakir Aharonov in Wheeler’s Delayed­Choice
Experiment

Yutaka Shikano

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

Center for Artificial Intelligence Research, University of Tsukuba, Tsukuba, Ibaraki
305­8577, Japan

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

We organize a framework that makes Judea Pearl’s causal­inference vocabulary operational for
Wheeler’s delayed­choice experiments, and that uses weak values to quantify counterfactual
attribution to intermediate measurements that are not actually performed. We model Wheeler­
type delayed choice as an intervention do(S = s) on a late setting variable S, and show that the
interventional quantity P (Y |do(S = s)) is a forward­causal estimand that is identifiable from
observed data via the back­door criterion under standard randomization assumptions. Apparent
retrocausal narratives are reinterpreted as selection (collider or d­speration) bias induced by
post­selection. We further interpret weak values for intermediate alternatives as conditional
quasi­probabilities.

This work was partially supported by JST ASPIRE (No. JPMJAP2339) and JSPS KAK­
ENHI (Nos. 24K08334 and 24H00406).
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Striped Spin Density Wave in a Graphene/Black Phosphorous
Heterostructure

Dolev Haddad1, Herbert A. Fertig2, and Efrat Shimshoni1

1Dept. of Physics, Bar­Ilan University, Bar­Ilan University campus, Ramat Gan 52900, Israel
2Department of Physics, Indiana University, Bloomington, Indiana 47405, USA

A bilayer formed by stacking two distinct materials creates a moiré lattice, which can serve as a
platform for novel electronic phases. In this work we study a unique example of such a system:
the Graphene/Black Phosphorus heterostructure (G/BP), which has been suggested to have an
intricate band structure. Most notably, the valence band hosts a quasi­one­dimensional region
in the Brillouin zone featuring a high density of states, suggesting that various many­body elec­
tronic phases are likely to emerge. We derive an effective tight­binding model that reproduces
this band structure, and explore the emergent broken­symmetry phases when interactions are
introduced. Employing a Mean­Field analysis, we find that the favored ground­state exhibits
a striped Spin Density Wave (s­SDW) order, characterized by either one of two­fold degener­
ate wave­vectors that are tunable by gating. Further exploring the phase­diagram controlled
by gate voltage and the interaction strength, we find that the SDW­ordered state undergoes a
metal to insulator transition via an intermediate metallic phase which supports striped SDW
correlations. Possible experimental signatures are discussed, in particular a unique dispersion
of the collective excitations.

[1] Dolev Haddad, H. A. Fertig and Efrat Shimshoni, Phys. Rev. B 111, 155153 (2025)
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Emergence of multiple zero modes bound to vortices in extended
topological Josephson junctions

Adrian Reich1, Kiryl Piasotski1, Eytan Grosfeld2, and Alexander Shnirman1

1Karlsruhe Institute of Technology, Wolfgang­Gaede­Str. 1, Karlsruhe 76131, Germany
2Ben­Gurion University of the Negev, Beer­Sheva 8410501, Israel

We study planar Josephson junctions formed on the surface of a three­dimensional topologi­
cal insulator (Fu­Kane proposal). We examine the experimentally relevant parameter regimes
in which the frequently used effective description in terms of two counter­propagating one­
dimensional Ma­ jorana modes with hybridization dependent on the Josepshon phase differ­
ence reaches its validity limit. This happens when the effective velocity of the emergent one­
dimensionalMajoranamodes approaches zero. As parameters like the chemical potential or the
width of the junction are tuned, instances of vanishing effective velocity mark the emergence
of additional ‘Dirac cones’ at zero en­ ergy and finite momentum. If the junction is subjected
to an external magnetic field, Josephson vortices may then bind a number of zero modes in ad­
dition to the topological Majorana mode. The additional zero modes are ‘symmetry­protected’
and can be lifted by a broken mirror symmetry (which is to be expected in realistic scenarios)
as well as by an in­plane magnetization (or Zeeman field). We note that the ensuing presence of
additional low­energy Andreev states can significantly contribute to measured quantities like
the Josephson current or microwave absorption spectra.
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Langevin equations with multiplicative noise: The mathematics, physics,
and thermodynamics of interpretation.

Igor M. Sokolov

Humboldt­Universität zu Berlin, Institut für Physik, Newtonstr. 15, 12161 Berlin, Germany

Stochastic differential equations are quite different from customary differential equations en­
countered in the description of physical dynamical systems. The right­hand side of an over­
damped Langevin equation with a multiplicative white Gaussian noise does not satisfy the
assumptions of the existence / uniqueness (Picard­Lindelöf) theorem. The solutions to such
equations can only be uniquely defined provided additional restrictions on the kind of solu­
tion (the correct interpretation of the stochastic integral) are given. Thus, similarly looking
Langevin equations give rise to different Fokker­Planck ones, and, respectively, to different
probability density functions of displacements at given times. This freedom of interpretation
has a deep rooting in physics, since similar Langevin equations may appear as coarse­grained,
and sometimes locally homogenized, descriptions of quite diverse physical situations [1]. The
freedomgiven by the interpretation corresponds to the possibility to incorporate the information
lost when passing from the micro­ to the mesoscopic level of description (implying a specific
kind of a limiting transition) into the ensuing mesoscopic­level picture. The corresponding
physical information may come from thermodynamics, from local symmetries of the system,
or from experiments, but the overall situation is much more faceted than typically assumed. In
the present talk we discuss several aspects of the problem. We start from the history of the topic,
and discuss the nature of limiting transitions and limit theorems leading to Langevin equations.
We discuss the freedom left for the solution of the Langevin equation after the corresponding
limiting transitions are done, and consider models leading to different interpretations of the
Langevin equations after the corresponding limits are taken. We consider the thermodynam­
ics of these models, and discuss the connections between their micro­, macro­ and mesoscopic
levels of description. Wemoreover consider the intimate connection between the interpretation
and the geometric symmetries of transition rates in the corresponding system: if these symme­
tries are known, they define the interpretation uniquely. The situation can however be more
complicated since the local symmetries may be broken. We moreover discuss how the correct
interpretation can be obtained from the single­particle tracking experiments [2,3].

[1] I.M. Sokolov, Chemical Physics 375 (2010) 359­363
[2] A. Pacheco­Pozo, M. Balcerek, A. Wyłomanska, K.Burnecki, I.M. Sokolov, and D. Krapf,

Phys. Rev. Lett. 133 (2024) 067102
[3] A. Pacheco­Pozo, I.M. Sokolov, R. Metzler, and D. Krapf, New J. Phys. 27 (2025) 064602
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Hawking time crystals

Fernando Sols

Universidad Complutense de Madrid, Plaza de las Ciencias 1, E­28040 Madrid, Spain

After a brief introduction to black­hole lasers and continuous­time crystals, we propose a time
crystal based on a quantum black­hole laser, where the genuinely spontaneous character of
the symmetry breaking stems from the self­amplification of spontaneous Hawking radiation
[1]. The resulting Hawking time crystal (HTC) is characterized by the periodic dependence
of the out­of­time density­density correlation function, while equal­time observables are time­
independent because they embody averages over different realizations with a random oscilla­
tion phase. TheHTC can be regarded as a nonlinear periodic analogue of theAndreev­Hawking
effect, exhibiting anticorrelation bands resulting from the spontaneous, quantum emission of
pairs of dispersive waves and solitons into the upstream and downstream regions. Remarkably,
the time­crystal formation is understood in terms of two time operators: one associated to the
initial black­hole laser and another associated to the final spontaneous Floquet state [2,3].

Work supported by Spain’s MICIU/AEI through Proyectos de Generación de Conocimiento
under Grant No. PID2022­139288NB­I00.

[1] J. R. Muñoz de Nova, F. Sols. Time Crystal from Self­Amplification of Spontaneous Ana­
log Hawking Radiation. Phys. Rev. Lett. 136, 170402 (2026).

[2] J. R. M. de Nova, F. Sols. Continuous­time crystal from a spontaneous many­body Floquet
state. Phys. Rev. A 105, 043302 (2022).

[3] J. R. Muñoz de Nova, F. Sols, Simultaneous symmetry breaking in spontaneous Floquet
states: temporal Floquet­Nambu­Goldstone modes, Floquet thermodynamics, and the time
operator. Quantum 9, 1850 (2025).
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Single­spin flip dynamics in the Ising model

Luca Cervellera, Alfred Hucht, and Björn Sothmann

University Duisburg­Essen, Lotharstr. 1, 47048 Duisburg, Germany

The Si(001) surface is formed by dimers of surface atoms arranged in parallel rows which are
alternatingly buckled both along and between the rows. The dimerized Si(001) surface can be
mapped onto an anisotropic 2D Ising model on a rectangular lattice such that the two states of
the Ising spin correspond to the two buckling orientations of the Si dimers.

In order to study the real­time dimer­flip dynamics, we perform kinetic Monte Carlo sim­
ulations of spin­flip dynamics in the Ising model. We analyze the waiting­time distribution
between subsequent flips of a single spin. For a ferromagnetic 1D Ising model, we find that
that large temperatures the waiting­time distribution shows an exponential decay due to ther­
mal excitation and relaxation of spins. At low temperatures, it is dominated by an algebraic
decay which is caused by the random walk of domain walls. The latter can be suppressed by an
external magnetic field which mimics the coupling to neighbouring dimer rows. The presence
of defects is modelled by quenched boundary conditions which lead to an increased (decreased)
life time of spins which are parallel (antiparallel) to boundary spin. Finally, we compare our
results of the 1D case to a simulation of the 2D Ising model.
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Formation of action potential in neuron and the quantum diffusion of
somatic ions

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

The talk will review our efforts to improve the understanding of physical processes which
control information transfer and processing in biological neural networks. The essential com­
ponent of any model of action potential is traditionally based on the existence of gated ionic
channels in neurons membranes. Nevertheless, as we have recently shown, the kinetics of K+

and Na+ ions are governed by the quasi­selective quantum diffusion for which the gated chan­
nels are, at least for initial phase of action potential, not necessary. For this purpose, temporary
fissures, spontaneously created in neuronmembrane by flexoelectric effect, are quite sufficient.
On the other hand, for the recovery phase of action potential, which brings the neuron back to
the homeostasis, gated channels and natrium/potassium ion pumps are necessary.

In the second part of the talk, the two competing models of signal transmission (action
potential) through the neuron, Hodgkin­Huxley electrochemical theory and Heimburg thermo­
mechanical soliton theory, will be introduced and their shortages discussed. Based on this
discussion a novel minimal model of transmission of the all phases of the action potential via
neuron will be presented. This minimal model is based on the scenario which considers fun­
damental experimental facts and undeniable elements of both leading theories [1­4].

[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.

[4] J. J.Mareš, V. Špička, P. Hubík: Quantum diffusion of biologically active cations in aqueous
solutions. Eur. Phys. J. Spec. Top. (2026). https://doi.org/10.1140/epjs/s11734­026­
02138­9
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The Private Lives of Photons: Asking particles where they spent the night

Aephraim Matthew Steinberg1, Daniela Angulo1, Kyle Thompson1, Vida­Michelle Nixon1,
Andy Jiao1, and Howard M. Wiseman2

1University of Toronto, 60 St. George Street, Toronto M5S 1A7, Canada
2Centre for Quantum Dynamics, Griffith University, Yuggera Country, Brisbane, Queensland

4111, Australia

The interaction of a resonant electromagnetic field with a cloud of two­level atoms is so well
studied that one would hardly expect it to hold any more mystery, and yet it turns out to still
have surprises in store when one considers the effect of post­selection. While photons famously
don’t follow definite trajectories, there are interesting questions one can ask ­ experimentally
as well as theoretically ­ about where they have spent their time before being observed. This
raises thorny issues about how to talk about the past of a quantum system.

I will describe an experiment we initially built to observe optical nonlinearity at the single­
photon level, aiming towards applications such as QND and quantum computing. I will pay
particular attention to some of the strange effects we observed when post­selecting on the final
state of a photon. In one, we could in a sense “amplify” the phase shift an individual photon
wrote on a probe beam. Most recently, we began using this apparatus to probe how much
time atoms are caused to spend in the excited state by a resonant photon. Specifically, we
investigated whether the answer depends on whether the photon in question is transmitted or
reflected Not only was the answer yes, but the result for transmitted photons turned out to be
quite unexpected. I will present both theory and experiment supporting a simple, yet disturbing,
connection between the delay time experienced by a pulse and the time atoms spend in the
excited state. Finally, I will address the question of how to think about a photon which is
prepared in a narrow frequency mode, but later observed at a particular time.
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Entropy augmentation in irreversible dynamics: A journey from
epistemology to numerical simulation.

Jürgen T. Stockburger
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Ulm, Germany

Reconciling the axiomatic status of irreversibility in phenomenological thermodynamics with
time­reversal symmetry in microscopic models is a challenge which has been recognized ever
since kinetic theory acquired predictive power. Known approaches picturing irreversibility
as emerging from microscopic dynamics either feature deliberate modifications of the micro­
scopic dynamics (Stoßzahlansatz, coarse­graining) or postulate a map which assigns to each
phase­space point X(t) (microstate) a region Γ(t) (macrostate), whose volume determines the
(Boltzmann) entropy.

Both approaches reflect the important fact that is important but is sometimes overlooked:
A thermodynamic system is a system under incomplete observation. Modifications of micro­
dynamics are performed under the proviso that they remain undetectable within the scope of
incomplete observation. Direct mappings from microstates X to macrostates Γ implicitly re­
quire that the macroscopic state cannot be further differentiated by any practical observation.

The EASE (entropy augmentation through subadditive excess) approach [1] constructs
modifications of microdynamics from an information theoretic perspective which embraces
the Boltzmann equation as a paradigmatic model, yet radically generalizes the idea of lost cor­
relation information. Its key features are the following:

i) A physical system is partitioned into subsystems, whose size can be microscopic or
macroscopic or anywhere in between.

ii) A memory time represents a delay period after which the detection of past correlations
between subsystems is deemed infeasible.

While EASE propagation can be based on either classical or quantum Liouville equations,
the quantum case has special features: Entanglement arising in an initially pure quantum state
can be the seed of entropy augmentation. This allows EASE­based quantum jump methods
describing self­equilibration.

[1] J. T. Stockburger, Eur. Phys. J. Spec. Top. (2025), doi:10.1140/epjs/s11734­025­01923­2
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The Power of Power­of­SWAP: Postselected Quantum Computation with
the Exchange Interaction

Jędrzej Burkat1, Sergii Strelchuk2, and Michal Studzinski3
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2University of Oxford, Parks Rd, Oxford, OX1 3QD, UK

3International Centre for Theory of Quantum Technologies, University of Gdańsk, 80­309,
Poland

We introduce Exchange Quantum Polynomial Time (XQP) circuits, which comprise quantum
computation using only computational basis SPAM and the isotropic Heisenberg exchange
interaction. Structurally, this sub­universal model captures decoherence­free subspace com­
putation without access to singlet states. We show that XQP occupies an intermediate position
between BPP and BQP, as its efficient multiplicative­error simulation would collapse the poly­
nomial hierarchy to its third level. We further provide evidence that additive­error simulation
of XQP would enable efficient additive­error simulation of arbitrary BQP computations. Re­
markably, the restricted family of XQPcircuits consisting solely of √SWAP gates remains hard
to simulate to multiplicative error. We additionally prove that circuits generated by √SWAP
gates are semi­universal, generate t­designs for the uniform distribution over SU (2)­invariant
unitaries, and maximise the entangling power within XQP. Finally, we derive structural results
linking computational basis states in XQP to the Gelfand­Tsetlin basis of the symmetric group,
and expressing XQP output probabilities as partition functions of the six­vertex and Potts mod­
els. Our findings indicate that XQP circuits are naturally suited to near­term hardware and
provide a promising platform for experimental demonstrations of quantum computational ad­
vantage.

This work was supported by the Royal Society University Research Fellowship, the Polish
National Science Centre (NCN) SONATA BIS grant no. UMO­2024/54/E/ST2/00316, and the
IRA Programme, project no. FENG.02.01­IP.05­0006/23, financed by the FENG programme
2021–2027, Priority FENG.02, Measure FENG.02.01, with the support of the FNP.
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Point information gain entropy density, and an ideal image from light
microscopy

Dalibor Štys1,2 and Renata Rychtáriková1,2

1Institute of Technology and Economy in České Budějovice, Okružní 517/10, 370 01 České
Budějovice, Czech Republic

2Spectral Spaces s.r.o., Vilová čtvrť 197, 373 33 Nové Hrady, Czech Republic

The derivation of PIED was inspired by the need to extract the maximum amount of informa­
tion from a microscopic image. Instead of the traditional approach to entropy, which seeks to
characterize a macroscopic system as a whole, we derived a quantity that quantifies each ele­
ment’s contribution to the information in a discrete data set. Here, it is necessary to distinguish
between (1) the system itself, such as a structured mesoscopic system like a living cell, a metal
alloy, or a self­organized chemical system in the Belousov­Zhabotinsky reaction, and (2) our
information about this system, such as an image from a light microscope or a camera. From an
experiment, we always obtain a partial reflection of the system’s structure, but never complete
information about the system itself.

In this presentation, we focus on the implications of extracting information about a metal
alloy from a light microscope. In light microscopy, an image refers to an interference object
we observe in a plane called the focal plane. The relationship between the observed struc­
ture and the image is defined, on the one hand, by the formation of the image itself–i.e., by
interference phenomena that often make observation impossible–and, on the other hand, by
the non­idealities of the optics, which typically project the image at different wavelengths into
different planes and in different ways, and both of these occur differently in different parts
of the image. It follows that the very definition of a single focal plane for all wavelengths is
practically impossible. Digitizing a color image is a problem in itself, introducing additional
distortion.

In our lecture, we will demonstrate how to define the focal plane using PIED and how
this definition differs from that based on standard Shannon entropy. We will also show how
PIED varies within a single focal plane at different wavelengths. Finally, we will propose a
method for obtaining an idealized light image from any imaging device. This method is general
and always provides improved information about the observed system at the physical­chemical
level. It has been implemented in the Spectral Spaces wide­field microscope allowing simplest
possible sample manipulation and thus providing space for any scientific and industrial use.

This contribution was supported by Spectral Spaces s.r.o., Vilová čtvrt 197, 373 33 Nové
Hrady, Czech Republic
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Suppression of quantized heat flow by the dielectric response of a
compressible strip at the quantum Hall edge

Eugene Sukhorukov and Adrien Tomà
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CH1211, Geneva, Switzerland

We develop a unified perturbative framework for energy transport along a chiral quantum Hall
edge coupled to a disordered, compressible strip. Treating the strip as a generic linear response
environment characterized by its retarded susceptibility, we obtain leading corrections to both
the heat flux carried by the edge plasmon and to its spectrum. Two generic regimes emerge:
(i) a gapped, local dielectric response with finite­range coupling, producing a negative correc­
tion to the quantized heat flux that scales as T 4 at low temperatures together with a convex
cubic shift of the plasmon dispersion; and (ii) a hydrodynamic (diffusive) response with re­
laxation, yielding a crossover from T 4 to T 3/2 scaling and a change of sign in the correction.
We further introduce a microscopic dipolar model in which the edge couples electrostatically
to localized dipole moments inside a wide compressible strip. This long­range interaction am­
plifies the nonlocal dielectric back­action and generates new suppression laws, T 3 or even
T 2 for smooth disorder profiles, together with a universal ratio connecting spectral curvature
to thermal response. Across all regimes, the total heat flux remains quantized: the apparent
deficit of the plasmon contribution reflects reversible heat drag into the compressible strip
rather than a breakdown of quantization. The framework thus provides a coherent and quanti­
tatively plausible explanation of the “missing heat flux” anomaly and unifies the thermal and
spectral signatures of quantum Hall edge dynamics.
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Molecular Archimedean Screw: A torque transfer molecular machine

Oren Tal
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Machines based on torque transfer have played a central role in the development of our tech­
nology, from ancient Archimedean water pumps and windmills to modern jet engines. Minia­
turizing such machines to the molecular scale could enable new nanoscale functionalities and
reveal unexplored physical effects. Here we report the realization of a molecular Archimedean
screw, consisting of a single helical molecule suspended between atomically sharp electrodes.
This molecular machine operates both as a turbine driven by electric current and as a mechani­
cal current booster. An applied voltage induces cyclic molecular motion with 100% directional
preference, reversible upon inversion of the voltage polarity. Above a threshold voltage, the
device exhibits a pronounced enhancement of electrical current. This current amplification is
mechanically tunable: stretching or compressing the molecular helix shifts the onset of the
effect. Calculations show that current­induced molecular rotation explains both the cyclic mo­
tion and the enhanced conductance, associated with a transition from stochastic cyclic jumps
to continuous molecular rotation that enables access to highly conducting configurations. This
work establishes a prototype for a new class of torque­transfer molecular machines with perfect
turbine unidirectionality and mechanically controlled current boosting.
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Quantum dynamics and thermodynamics using the hierarchical
equations of motion method

Michael Thoss

University of Freiburg, Hermann­Herder­Strasse 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 higher­order contri­
butions as well as non­Markovian memory and allows for the systematic convergence of the
results. In this talk, recent developments of the HEOM method are discussed, including the
combination with tensor network approaches [2] and extensions that allow the efficient treat­
ment of structured spectral densities [3]. Applications of the HEOM method are discussed to
nonadiabatic quantum dynamics of molecules at metal surfaces [4]. Furthermore, the princi­
ple of minimal dissipation is employed to investigate thermodynamic properties such as work,
heat, and entropy production in open quantum systems [5]. As a specific example, a quantum
Otto cycle in the Anderson impurity model is studied.

[1] Y. Tanimura, J. Chem. Phys. 153, 020901 (2020); J. Bätge, Y. Ke, C. Kaspar, M. Thoss,
Phys. Rev. B 103, 235413 (2021).

[2] Y. Ke, R. Borrelli, M. Thoss, J. Chem. Phys. 156, 194102 (2022).
[3] H. Tikahashi, S. Rudge, C. Kaspar, M. Thoss, R. Borrelli, J. Chem. Phys. 160, 204105

(2024).
[4] R. J. Preston, Y. Ke, S. L. Rudge, N. Hertl, R. Borrelli, R. J. Maurer, M. Thoss, J. Chem.

Theory Comput. 21, 1054 (2025).
[5] S. Gatto, A. Colla, H.­P. Breuer, M. Thoss, Phys. Rev. A 110, 032210 (2024);

arXiv:2601.21546 (2026).
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What enables efficient long­range charge transport across protein layers?

Marc Tornow
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For molecular layers only≈ 1­2 nm thick, coherent tunneling is a widely accepted mechanism
of charge transport. We have studied such systems systematically, including molecules with
reversibly switchable asymmetric tunnel barriers [1] and chiral molecules exhibiting structure­
dependent spin selectivity [2].

Protein multilayers extend this problem into a qualitatively different length regime, with
layer thicknesses reaching several tens of nanometers. For multilayers of the protein bac­
teriorhodopsin (bR), we find a mono­exponential attenuation of conductance with bR layer
thickness up to 16 nm, with a small attenuation coefficient of β ≈ 0.8 nm−1 [3]. This weak,
exponential length dependence is surprisingly reminiscent of non­resonant tunneling. Indeed,
together with the observed temperature behavior, it is consistent with tunneling through the thin
protein­protein and protein­electrode interfaces. However, the microscopic (quantum) mech­
anism underlying the apparently efficient long­range electron transport through the protein
interior remains elusive and calls for new theoretical approaches.

[1] J. M. Dlugosch et al., ACS Appl. Mater. Interfaces 14, 31044−31053 (2022)
[2] A. N. Nalakath et al., arXiv:2603.17707
[3] D. Chryssikos et al., Adv. Funct. Mat. 34, 2408110 (2024)
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When Does a Quantum System Return? Topology, Dark States, and
Noise in Monitored Dynamics

Sabine Tornow

University of the Bundeswehr, Carl­Wery­Straße 18, 81739 Munich, Germany

The recurrence time, the duration for a monitored system to return to its initial state, is a fun­
damental probe of quantum dynamics under repeated measurement. For strong stroboscopic
monitoring, the mean return time is topologically quantized through the winding number of the
monitored state, with subspace measurements yielding fractional quantization. Remarkably,
this quantization survives on real, noisy hardware using restarts: on IBM quantum processors,
we track a quantum walker on a triangle ring with complex edge weights and directly observe
quantized return times and dark states the detector never sees. In interacting many­body spin
systems, the recurrence time is fractionally quantized. We show that the quantized values count
the dark states, an experimentally accessible probe of Hilbert­space fragmentation and ergod­
icity breaking. Even weak monitoring through an ancilla follows a simple scaling law in the
measurement strength.

After many measurement rounds without restart, noise reshapes this structure: without
restarting, after we observe a quantum Kac law connecting the return to the unmeasured steady
state, connecting quantum quantization to aKac law, with dark states controlling slow crossovers
in between. A simple question: when does the system return? thus becomes a probe of topol­
ogy, dark states, and the quantum­to­classical transition, and a practical benchmark for mid­
circuit measurements on today’s quantum computers.

[1] LIU Q., TORNOW, S., KESSLER, D. A., BARKAI, E.: Fractionally quantized recurrence
detection times in monitored quantum many­body systems. Proceedings of the National
Academy of Sciences 123 (22), e2529694123.

[2] HEINE, T., BARKAI, E., ZIEGLER,K., TORNOW, S.: Quantumwalks: First hitting times
with weak measurements. Physical Review A 113 (5), 052426.

[3] MA, S., TORNOW, S., BARKAI, E.: Resonances, Recurrence Times and Steady States in
Monitored Noisy Qubit Systems. arXiv preprint arXiv:2603.18996.

[4] YIN, R., WANG, Q., TORNOW, S., BARKAI, E.: Restart uncertainty relation for moni­
tored quantum dynamics. PNAS 122 (1), e2402912121.
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Nonequilibrium Transport and Thermoelectricity in Open Quantum
Systems
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Understanding energy and charge transport in nanoscale systems requires theoretical tools ca­
pable of describing quantum coherence, interactions, and nonequilibrium environments on
equal footing. A common simplification in open quantum systems is the wide­band limit,
where reservoirs are assumed to have energy­independent spectral properties. While this ap­
proximation enables compact descriptions of transport, it obscures spectral information and
limits the predictive power of thermodynamic modeling.

We present a framework for nonequilibrium quantum transport that overcomes this lim­
itation while remaining computationally efficient. Within nonequilibrium Green’s function
theory, we develop a formulation of open­system dynamics that scales linearly in simulation
time and treats structured environments with finite bandwidth [1]. The approach enables ac­
curate time­resolved simulations of interacting quantum junctions beyond the wide­band ap­
proximation while retaining direct access to physical observables such as charge, energy, and
heat currents.

The formalism further reveals newways to probe spectral properties through transport mea­
surements. In multi­terminal setups, the interplay between different leads allows nonequilib­
rium current responses to encode information about the underlying many­body spectrum, pro­
viding a route to reconstruct spectral features directly from transport observables [2].

Finally, we demonstrate how these developments enable the study and optimization of ther­
moelectric energy conversion in molecular junctions driven far from equilibrium. Combin­
ing accurate open­system dynamics with energy­resolved transport analysis identifies regimes
where nonequilibrium effects, spectral structure, and interactions cooperate to enhance ther­
moelectric performance [3].

This work was supported by the Jane and Aatos Erkko Foundation (Project EffQSim) and
the Research Council of Finland through the FinnishQuantumFlagship (Project No. 359240).

[1] Y. Pavlyukh and R. Tuovinen, Phys. Rev. B 111, L241101 (2025).
[2] Y. Pavlyukh and R. Tuovinen, Eur. Phys. J. Spec. Top. (2025).
[3] R. Tuovinen and Y. Pavlyukh, PRX Energy 4, 043003 (2025).
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Network analysis for steady­state current fluctuations in the presence of
finite affinity

Yasuhiro Utsumi

Mie University, 1577, Kurimamachiya­cho, Tsu, 514­8507, Japan

We present a graph­theoretic analysis of steady­state current fluctuations in stochastic systems
described by master equations [1]. We adopt full counting statistics for both currents and dwell
times to rederive the level­2.5 large­deviation function. For uniform transition rates, we per­
form a duality transformation and derive a signal­to­noise expression formulated as a quadratic
optimization problem over mesh currents [1]. We apply this expression to the fluctuating com­
putation time in a schematic Brownian computation process with resetting, represented by a
tree­like graph with a single reset cycle. Unlike the previously derived thermodynamic uncer­
tainty bounds, which increase logarithmically with the length of the intended computation path,
this bound depends on the number of extraneous predecessors and therefore captures logical
irreversibility [2].

Next, we extend the framework to arbitrary transition rates [3] by introducing a twisted
incidence matrix and the corresponding modified circuit matrices, which preserve the orthog­
onality between the cycle space and the cut space. This allows us to perform the duality trans­
formation in the presence of finite cycle affinity. Applying this formalism to the Brownian
computation process under forward bias, we show that, in the limit of an infinitely long com­
putation path, the Fano factor of the reset current exhibits a transition from Poissonian to nearly
noiseless behavior at a forward/backward rate ratio whose threshold depends on the degree of
logical irreversibility. This noise transition corresponds to the easy­hard transition in Brownian
computational time complexity [4]. The transition point precisely characterizes the thermody­
namic cost of logically irreversible computation: in the absence of affinity, the reset cost scales
logarithmically with the length of the intended computation path, whereas reaching the transi­
tion point requires a thermodynamic force equal to the logarithm of the number of immediate
predecessors per step to counteract backward branching. 

This work was supported by JSPS KAKENHI Grants No. 24K00547 and No. 24H01336

[1] Y. Utsumi, “Network analysis for the steadystate thermodynamic uncertainty relation”,
Phys. Rev. E 110, 044103 (2024).

[2] Y Utsumi, Y Ito, D Golubev, F Peper, “Computation time and thermodynamic uncertainty
relation of Brownian circuits”, arXiv:2205.10735: Y Utsumi, D Golubev, F Peper, “Ther­
modynamic 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 steady­state current fluctuations under finite affinity: Ap­
plication to Brownian computation”, arXiv:2605.17838

[4] K. Okajima andK. Hukushima, “Phase transitions in time complexity of brownian circuits”,
arXiv:2512.24728.
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The quantum theory of time: Emergence of Lorentz invariance

Aida Sadeghi, Fatema Tanjia, and Joan Alfina Vaccaro

QUATRI, Griffith University, 170 Kessels Road, Nathan, Australia

The violation of the discrete symmetries of charge conjugation (C), parity inversion (P), and
time reversal (T) observed in high energy physics are fundamental aspects of nature. A new
quantum theory [1,2] has been introduced to explore the possibility of their large­scale physical
consequences. The new theory does not assume any conservation laws or equations of motion
at the outset. In particular, if T violation is turned off, matter is represented in terms of virtual
particles that exist momentarily only. However, with T violation turned on, what was the
mathematical structure of a virtual particle now traces out an unboundedworld line that satisfies
conservation laws and an equation of motion. The important point here is that time evolution
and conservation laws are shown to emerge phenomenologically from T violation.

A key point of the theory is that the effective strength λ = i⟨[ĤF , ĤB]⟩ of the T violation,
where [ĤF , ĤB] is the commutator of the Hamiltonians for forward ĤF and backward ĤB

directions of time, determines a relative scale for clock time. (Here ĤB = T̂−1ĤF T̂ and T̂ is
Wigner’s time reversal operator.) Consequently, the time shown by an accurate clock depends
on the value of λ in its local region. In fact, the theory predicts that two identical clocks will
loose synchronicity if they are in spatial regions with differing values of λ [3]. Importantly, this
effect is manifested as differences in the quantum states of the clocks (rather than differences
in coordinate times). The T violation exhibited by neutrinos emitted by nuclear reactors offers
an opportunity for testing this prediction experimentally [4].

It follows that a velocity­dependent λ would induce a corresponding velocity­dependent
variation in clock time. Indeed, under a Galilean transformation, interacting scalar fields with
vacuum expectation values exhibit an effective T violation that changes in a velocity­dependent
way to give precisely the time dilation of the Lorentz transformation, but associatedwith the rel­
ative quantum states of the clocks rather than their coordinates. In other words, quantum clocks
are found to undergo time dilation. The speed of propagation of the scalar fields is found to be
a limiting speed for all dynamics deduced from quantum states, and an operationally­derived
length contraction is found to operate in the relative description of the quantum states. Hence,
without being directly introduced, Lorentz invariance is found to emerge phenomenologically
in the relative quantum description as a consequence of what is essentially a Doppler shift of
the effective T violation. This remarkable result suggests that Lorentz symmetry is not an ele­
mental one, as usually assumed, and it illustrates how the new theory offers fresh insight into
the quantum nature of time.

[1] J.A. Vaccaro, Quantum asymmetry between time and space, Proc. R. Soc. A (2016) 472
20150670. https://dx.doi.org/10.1098/rspa.2015.0670

[2] J.A. Vaccaro, The quantum theory of time, the block universe, and human experience, Phil.
Trans. R. Soc. Lond. A 376 (2018) 20170316. https://dx.doi.org/10.1098/rsta.2017.0316

[3] J.A. Vaccaro, in preparation.
[4] E. Streed, M. Wouters, J.A. Vaccaro, in preparation.
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Reflected fractional Brownian motion as model of serotonergic axons in
the brain

Thomas Vojta1, Ralf Metzler2, and Skirmantas Janusonis3
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Street, Rolla, MO 65409, USA

2Institute of Physics and Astronomy, University of Potsdam, D­14476 Potsdam­Golm,
Germany

3Department of Psychological and Brain Sciences, University of California, Santa Barbara,
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Fractional Brownian motion (FBM), a non­Markovian self­similar Gaussian stochastic process
with long­time correlations, is a widely applied model of anomalous diffusion. In confined
geometries, the interplay between the long­time correlations of FBM and the reflecting bound­
aries leads to striking deviations of the stationary probability density from the uniform density
found for normal diffusion. Particles accumulate at the boundaries for superdiffusive FBM
while their density is depleted at the boundaries for subdiffusion [1,2].

Reflected FBMhas recently emerged as a promisingmodel for the self­organization of sero­
tonergic axons in vertebrate brains. These fibers form a dense matrix that releases serotonin,
a neurotransmitter that modulates a wide range of neural processes. We employ large­scale
computer simulations to model serotenergic fibers as FBM­paths in realistic brain­shaped ge­
ometries. We demonstrate that the resultant steady state distributions approximate the fiber
distributions in physical brain sections of several vertebrate species. This suggests that this
framework supports predictive descriptions of the serotonergic matrix that can be further ex­
tended by incorporating details of the fibers and their environment [3,4.5].

This research was supported by an NSF­BMBF (USA­Germany) CRCNS grant (NSF no.
2112862 and BMBF no. STAX).

[1] A.H.O. Wada and T. Vojta, Fractional Brownian motion with reflecting wall, Phys. Rev. E
97, 020102(R) (2018)

[2] T. Vojta, S. Halladay, S. Skinner, S. Janusonis, T. Guggenberger, and R. Metzler, Reflected
fractional Brownian motion in one and higher dimensions, Phys. Rev. E 102, 032108
(2020)

[3] S. Janusonis, N. Detering, R. Metzler and T. Vojta, Serotonergic Axons as Fractional Brow­
nian Motion Paths: Insights into the Self­organization of Regional Densities, Front. Comp.
Neuroscience 14, 56 (2020)

[4] S. Janusonis, J.H. Haiman, R. Metzler and T. Vojta, Predicting the Distribution of Seroton­
ergic Axons: A Supercomputing Simulation of Reflected Fractional Brownian Motion in a
3D­Mouse Brain Model, Front. Comp. Neuroscience 17, 1189853 (2023)

[5] S. Janusonis, R.Metzler and T. Vojta, The Organization of Serotonergic Fibers in the Pacific
Angelshark Brain: Neuroanatomical and Supercomputing Analyses, Front. Neuroscience
19, 1602116 (2025)
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Quantum light sources for foundational tests and quantum
communication

Gregor Weihs

University of Innsbruck, Institute for Experimental Physics, Technikerstrasse 25, 6020
Innsbruck, Austria

Single photons and entangled states of light have been instrumental to the investigations into
the foundations of quantum physics, which in turn led to the creation of the field of quantum
information science and the resulting quantum technologies. Major advances in quantum pho­
tonics, such as the various generations of Bell inequality tests, could often be attributed to a new
and improved quantum light source. Likewise, for optical quantum technologies, especially in
quantum communication, source performance is as important as detector technology.

In our research we have been developing semiconductor waveguide sources of photon pairs
and semiconductor quantum dots as sources of single photons and entangled photon states.
Depending on the intended application in a quantum information processing protocol or foun­
dational test there are a number of specifications that such a source must fulfil, such as the
emission rate, ­efficiency, and ­statistics, state purity, indistinguishability, spectral and time
properties, etc.

Achieving the desired characteristics not only requires designing and fabricating innova­
tive devices, but also engineering the excitation of the quantum emitter or nonlinear element
that is at the heart of the source. While much work has gone into adapting quantum optical co­
herent control techniques invented for atoms and molecules towards solid­state environments,
also completely new methods have emerged that help avoid or mitigate unwanted decoherence
mechanisms. For example, we have implemented the so­called Swing­up of Quantum Emitter
Population (SUPER) scheme and Adiabatic Rapid Passage (ARP) in single quantum dots. Fur­
thermore, we have been able to coherently excite and control dark states, which will be useful
in entanglement generation and as quantum memories.
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Fast directed transport via energy recuperation in non­Markovian media

Mateusz Wiśniewski and Jakub Spiechowicz

Institute of Physics, University of Silesia, ul. 75 Pułku Piechoty 1, 41­500 Chorzów, Poland

Recent experimental studies show that driven overdamped Brownian particles can recover en­
ergy stored in non­Markovian environments [1]. Using the Generalized Langevin Equation
formalism, we demonstrate that energy recuperation is, in fact, an inherent feature of systems
exhibiting memory and occurs even in the simplest models, such as a free Brownian parti­
cle driven by thermal noise. Moreover, we show that inertial particles can recover energy
from their environments even when thermal noise vanishes and without any external forcing.
Next, we investigate the influence of energy recuperation on the directed transport of Brownian
particles in the presence of energetic barriers. In particular, we demonstrate that the delayed
response of the non­Markovian medium to the particle’s motion results in the emergence of
running solutions, which are absent in analogous Markovian media. The running solutions
are qualitatively different from those encountered in viscous fluids in that the particle repeti­
tively reverses the direction of its motion to recover energy from the non­Markovian medium,
which enables it to overcome potential barriers. Notably, in our system, the transport in a non­
Markovian medium can almost reach the free­particle limit, in contrast to the locked behaviour
of particles in a Markovian case. Our findings shed new light on the role of energy exchange
between Brownian particles and their environments in transport at the micro­scale, with direct
applications to the dynamics of colloids in viscoelastic fluids and intracellular transport.

This work was supported by the Grant NCN No. 2024/54/E/ST3/00257.

[1] F. Ginot and C. Bechinger, Nat. Commun. 16, 10114 (2025)
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Dissipative and nondissipative quantum circuit elements

Alexandre Zagoskin

Loughborough University, Epinal Way, Loughborough, United Kingdom

Quantum analogues of nondissipative circuit elements, that is, structures which can exist in a
superposition of states with different values of inductance or capacitance, are readily realized
using, e.g., superconducting qubits. Here I consider the possibility of the existence of quan­
tum analogues of dissipative circuit elements, which demonstrate superpositions of states with
different resistances or memristances. Using the Landauer view of transport through a scat­
tering barrier, I show that this leads to no contradiction with the dissipative character of these
elements.

Acknowledgement: UKResearch and Innovation (UKRI)Horizon Europe guarantee scheme
for the QRC­4­ESP project under grant (no. 101129663) and EUHorizon Europe Quest project
(no. 101156088)
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Advanced Quantum Networks ­ Future Applications and Technology
Demonstrations

Alessandro Tarantola, Alexander Sauer, Johanna Seitz, Jannes Weghake, Freyja Ullinger,
Lukas Pausch, and Matthias Zimmermann

German Aerospace Center, Institute of Quantum Technologies, Wilhelm­Runge Straße 10,
89081 Ulm, Germany

Classical communication is the basis for many of our current and future technologies, such
as mobile phones, video conferences, autonomous vehicles and particularly the internet. It is
not unlikely, that quantum communication and quantum networks might open up novel op­
portunities on a similar scale. Governed by the basic laws of quantum mechanics, quantum
networks might offer enormous benefits for security applications, more precise measurements,
faster computations, and many other fields of application by interconnecting different quantum
devices, such as quantum sensors, quantum computers, or quantum memories [1,2].

In this talk, we provide an overview of ongoing research activities in our group regard­
ing quantum information networks and their future opportunities. In particular, we address
topics such as blind quantum computing, quantum authentication, a development roadmap for
quantum networks and technology demonstrations. Moreover, we present steps towards estab­
lishing an entanglement­based quantum information network in Ulm and beyond.

[1] K. Bongs et al., Weltweite Vernetzung der Quantentechnologien: Quantenkommunikation
via Satellit, Phys. Unserer Zeit, 56:116 (2025).

[2] B.Kubala et al., AdvancedQuantumCommunication andQuantumNetworks, arXiv:2602.06781v1
(2026).
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Are Events Absolute?

Hervé Zwirn
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France

Solving the measurement problem has led to various attempts relying on very different hy­
potheses. One path is to exit from the standard formalism of Quantum Mechanics (QM) either
by extending it (as in de Broglie ­ Bohm theory, dBB) or by modifying it (as in the spontaneous
collapse theories, GRW or Diosi­Penrose). Alternatively, the Everett interpretation embraces
multiple outcomes per observer. Changing the standard formalism has the advantage that it is
in principle possible to empirically test the candidate theory (unlike dBB theory, whose predic­
tions mirror those of QM under quantum equilibrium). If we want to stay inside the standard
formalism, it is necessary to explain why and when the unitarity of the Schrodinger equation
describing the evolution of the state of a system is broken to give rise to a collapse (projection
principle). Many recent interpretations assume that QM is universal. That means first that it
applies to every system independently of its size and even if the system is itself an observer,
and second that all physical processes, including measurements, are described by a unitary in­
teraction. However, this does not solve the measurement problem, as it remains unclear how
a definite measurement result emerges from a unitary process. This issue sparks philosophi­
cal debates, notably around Wigner’s friend experiment and its extensions, which explore the
non­absoluteness of events and its implications for our understanding of reality. In this paper,
we are going to dive into these discussions that shed light on the question of knowing what that
means for events to not be absolute (one apparent conclusion of these discussions) and what is
the new conception of reality that this implies. This will allow to give a detailed comparison
of many so­called perspectival interpretations.
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Overturning the Measurement Postulate: Continuous Thermodynamic
Localization vs. Wavefunction Collapse and Statistical Ensembles

Dragos­Victor Anghel

Institutul National de Fizica si Inginerie Nucleara – Horia Hulubei, Reactorului 30,
Magurele, Romania

The quantum measurement postulate remains a fundamental physical contradiction, enforc­
ing a non­unitary, observer­dependent projection that interrupts continuous dynamical evolu­
tion. In this work, we demonstrate that the orthodox instantaneous collapse postulate is both a
thermodynamic impossibility and a logical redundancy. The observer­dependent actualization
of macroscopic particle ensembles would require an instantaneous deposition of latent heat
(dt → 0), triggering an unphysical, infinite power divergence. Furthermore, because an un­
observed apparatus must undergo continuous open­system thermodynamic relaxation prior to
conscious inspection, any subsequent mathematical projection is theoretically obsolete.

Crucially, this work systematically invalidates leading alternative paradigms, specifically
decoherence theory [1] andmean­field thermodynamic ensemblemodels, such as theAllahverdyan,
Balian, and Nieuwenhuizen (ABN) formalism [2]. We demonstrate that these models commit
a fundamental category error by conflating the mathematical description of a statistical ensem­
ble (truncated density matrices) with the physical reality of a single experimental run. As a
direct mathematical consequence of this conceptual flaw, their reliance on mean­field thermo­
dynamic averages inadvertently forces single­run outcomes to be deterministic, fundamentally
failing to explain the probabilistic actualization dictated by the Born rule.

To replace these paradigms, we introduce theOpen­SystemMeasurement Framework (OSMF).
TheOSMFmodelsmeasurement as a concrete, continuous physical processwhere the quantum­
apparatus interaction generates a transient, thermodynamically unstable macroscopic superpo­
sition. Driven by coupling to a reservoir, this state undergoes continuous thermodynamic relax­
ation into a stable local minimum, irreversibly actualizing a definite outcome without invoking
a ”Heisenberg cut.”

Finally, we propose a direct, empirically falsifiable experimental protocol to test the OSMF
against orthodox projection. By modifying a Stern­Gerlach apparatus with an asymmetric de­
tection screen–engineered with a gradient in atomic adhesion energy–we demonstrate how
measurement probabilities can be dynamically steered by the environment, proving that the
standard Born rule is an emergent approximation for symmetric detectors.

This work was supported by the Ministry of Education, UEFISCDI project PN 23 21 01
01/2023 (ctr. 21N/2023).

[1] W. H. Zurek, Rev. Mod. Phys. 75, 715 (2003).
[2] A. E. Allahverdyan, R. Balian, and T. M. Nieuwenhuizen, Phys. Rep. 525, 1 (2013).
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Dual­qubit heat valve: an experimental study on collective photonic heat
transport

Kuan­Hsun Chiang1, Foysal M. Chowdhury1, Gian M. Andolina2, Paolo A. Erdman3, and
Jukka P. Pekola1

1Pico Group, Department of Applied Physics, Aalto University, P.O. Box 15100, FI­00076
Aalto, Finland

2JEIP, UAR 3573 CNRS, Collège de France, PSL Research University, 11 Place Marcelin
Berthelot, F­75321 Paris, France

3Freie Universität Berlin, Department of Mathematics and Computer Science, Arnimallee 6,
14195 Berlin, Germany

A photonic quantum heat valve [1] is investigated here experimentally, in the configuration of
two superconducting qubits placed in parallel between two temperature­biased local reservoirs.
The setup is such that the two qubits collectively mediate the photonic heat current across the
reservoirs [2][3], which is experimentally determined by normal metal ­ insulator ­ supercon­
ductor (NIS) thermometry. The suppression of steady­state heat current is observed when both
qubits are in action. Our study implies that steady­state collective coherence can be sustained
autonomously in a dissipative system, without the need for external coherent drives.

This work is financially supported by QuantERA II Programme that has received fund­
ing from the EU’s H2020 research and innovation programme under the GA No 101017733.
We acknowledge the provision of facilities and technical support by Aalto Uni versity at the
OtaNano Micronova Nanofabrication Centre and Low Temperature Laboratory.

[1] A. Ronzani et al. Nature Phys 14, 991–995 (2018).
[2] G.M. Andolina et al. Phys. Rev. Research 6, 043128 (2024).
[3] B. Karimi and J. P. Pekola, Phys. Rev. B 96, 115408 (2017).
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Role of scrambling, noise, and symmetry in temporal learning with
quantum systems
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1Chula Intelligent and Complex Systems Center of Excellence, Faculty of Science,
Chulalongkorn University, Bangkok, Thailand

2Institute of Physics, Ecole Polytechnique Federale de Lausanne (EPFL), Lausanne,
Switzerland

3Centre for Quantum Sciences and Engineering, Ecole Polytechnique Federale de Lausanne
(EPFL), Lausanne, Switzerland

Scrambling quantum systems have been demonstrated as effective substrates for temporal in­
formation processing. While their potential and limitations for learning static data has been
studied in our previous work [1], a theoretical understanding of their performance in tempo­
ral tasks, where quantum systems work as both computational substrate and memory, is still
lacking. Going beyond our previous setting of a single step iteration and static data, here we
consider a general quantum reservoir processing framework that captures a broad range of
temporal learning models using quantum systems. We examine the scalability and memory
retention of the model with scrambling reservoirs modelled by high­order unitary designs in
both noiseless and noisy settings. In the former regime, we show that measurement readouts
become exponentially concentrated with increasing reservoir size, yet strikingly do not worsen
with the reservoir iterations. Thus, while repeatedly reusing a small scrambling reservoir with
quantum data might be viable, scaling up the problem size deteriorates generalization unless
one can afford an exponential shot overhead. In contrast, the memory of early inputs and initial
states decays exponentially in both reservoir size and reservoir iterations. In the noisy regime,
we also prove exponential memory decays with iterations for local noisy channels. We further
prove that the scalability limitations also hold for model variants that incorporate mid­circuit
measurements and feed­forward, which have been demonstrated as a source that improves per­
formance of learning models. To sidestep these scalability barriers, we show that by employ­
ing less scrambling or symmetrized reservoirs, the exponential concentration of outputs can
be avoided. Proving these results required us to introduce new proof techniques for bounding
concentration in temporal quantum learning models. Our results lay the ground work for un­
derstanding the potential of a quantum advantage for temporal learning tasks using quantum
reservoir processing.

We acknowledge the funding support from the NSRF via the Program Management Unit
for Human Resources & Institutional Development, Research and Innovation [grant number
B39G680007].

[1] W. Xiong, G. Facelli, M. Sahebi, O. Agnel, T. Chotibut, S. Thanasilp, and Z. Holmes,
Quantum Machine Intelligence, 7(1) (2025) 20.
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Robust Working Memory Computation and Entropy Production in
Random Neuronal Networks

Thiparat Chotibut

Chula Intelligent and Complex Systems Center of Excellence, Faculty of Science,
Chulalongkorn University, Bangkok, Thailand

Training recurrent neuronal networks consisting of excitatory (E) and inhibitory (I) units with
additive noise for working memory computation slows and diversifies inhibitory timescales,
leading to improved task performance that is attributed to emergent marginally stable equi­
libria [1]. Yet the link between trained network characteristics and their roles in shaping de­
sirable dynamical landscapes remains unexplored. We first discuss the phenomenology from
[1], where trained cortical networks with heterogeneous inhibitory dynamics are more robust
to noise in working memory models that compute using discrete attractors (fixed­point equi­
libria) hopping mechanism. Then, we study the Jacobian matrices describing the dynamics
near these equilibria and show that they are sparse, non­Hermitian rectangular­block matri­
ces modified by heterogeneous synaptic decay timescales and activation‑function gains. We
specify a random matrix ensemble that faithfully captures the spectra of trained Jacobian ma­
trices, arising from the inhibitory core­excitatory periphery network motif (pruned E weights,
broadly distributed I weights) observed post‑training. An analytic theory of this ensemble is
developed using statistical field theory methods: a Hermitized resolvent representation of the
spectral density followed by a supersymmetry‑based treatment in the style of Fyodorov and
Mirlin. In this manner, an analytic description of the spectral edge is obtained, relating statis­
tical parameters of the Jacobians (sparsity, weight variances, E/I ratio, and the distributions of
timescales and gains) to near‑critical features of the equilibria [2]. These results reveal that the
slow, inhibitory core naturally pushes the equilibria of these cortical networks toward marginal
stability without requiring parameter fine­tuning. Furthermore, we will show that this stable
computation arises when the network dynamics is sustained in a non­equilibrium steady state
(NESS). In this context, we will also discuss a newly discovered, universal entropy production
rate formula for stochastic dynamics in an NESS driven by a variety of directed networks [3].

[1] N. Rungratsameetaweemana, R. Kim, T. Chotibut, and T. J. Sejnowski, Proceedings of the
National Academy of Sciences, 122(3) (2025) e2316745122

[2] T. Chotibut, O. Evnin, and W. Horinouchi, arXiv: 2512.12767 (2025) (under review in
SciPost Physics)

[3] T. Chotibut, E. Gudowska­Nowak, and M. A. Nowak, (to appear)
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Superoscillations at Dark Ports: Interference­Engineered Sensing and
Spectrally Constrained Light­Matter Control

Eliahu Cohen

Bar­Ilan University, Max VeAnna Webb St, Ramat Gan, Israel
Institute for Quantum Studies, Chapman University, Orange, California 92866, USA

Superoscillations allow a band­limited optical field to display local behavior that appears to
lie outside its global spectral content. I will discuss how such effects arise near engineered
destructive­interference minima, where local wave vectors, weak values [1], and Fisher infor­
mation densities [2] can become strongly concentrated. As a spatial example, I will begin with
“optical ventriloquism” [3]: near a diffraction minimum, light can appear to originate from a
displaced, nonexistent source, due to sharp transverse shifts of the local wave vector. I will
connect this physics to sensing with dark­port interferometric encoders, where an ideal inter­
ference null can concentrate shot­noise Fisher information into a photon­poor region, while
coherent leakage and stochastic phase noise reshape and ultimately limit the advantage. Next,
I will turn to quantum light­matter interaction under spectral constraints. In protected quantum
platforms, decoherence mitigation often imposes photonic bandgaps or filtered control lines.
I will discuss how a superoscillatory pulse whose global spectrum avoids a two­level­system
resonance can nevertheless produce a resonant­like response through a spectrally filtered mul­
timode cavity. Finally, I will connect these ideas to interference­generated regularization from
postselected superpositions of time evolutions [4]. The central message is that superoscillations
redistribute response and information in unique ways that can be useful for quantum sensing
and quantum control.

This work was supported by the European Union’s Horizon Europe research and inno­
vation programme under grant agreement No. 101178170, by the Israel Science Foundation
under grant agreement No. 2208/24 and by the Israeli Council for Higher Education through
“QERNEL” and the “Interdisciplinary Center for the Theory of Quantum Computing”.

[1] Y. Aharonov, E. Cohen, A. Carmi, and A.C. Elitzur, Proc. R. Soc. A 474 (2018) 20180030.
[2] A.Wander, E. Cohen, and L. Vaidman, Three approaches for analyzing the counterfactuality

of counterfactual protocols, Phys. Rev. A 104 (2021) 012610.
[3] I. Stern, Y. Bloch, E. Grynszpan, M. Kahn, Y. Aharonov, J. Dressel, E. Cohen, and J.C.

Howell, Phys. Rev. A 109 (2024) 012206.
[4] E. Cohen and T. Shushi, arXiv:2601.04685.
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Is Entanglement Necessary for the Typicality Argument in Statistical
Mechanics?

Pedro Correia2, Gabriel Dias Carvalho3, and Thiago Rodrigues de Oliveira1

1Universidade Federal Fluminense, Av. Litoranea, S/N, Niteroi, Brazil
2Departamento de Ciências Exatas, Universidade Estadual de Santa Cruz

3Física de Materiais, Escola Politécnica de Pernambuco, Universidade de Pernambuco

Typicality arguments replace the postulated mixed­state ensembles of statistical mechanics
with pure states sampled uniformly at random, explaining why most microstates of large sys­
tems exhibit thermal behavior. This paradigm has been revived in quantum contexts, where
entanglement is deemed essential, but no clear quantitative link between entanglement struc­
ture and typicality has been established. Here, we study pure quantum states with controlled
multipartite entanglement and show that when entanglement growswith system size N, fluctua­
tions in macroscopic observables decay exponentially with N, whereas if entanglement remains
finite, one recovers only the classical 1/√N suppression. Our work thus provides a quantitative
connection between entanglement structure and the emergence of typicality, demonstrating
that entanglement is crucial for thermalization in small quantum systems but unnecessary to
justify equilibrium in macroscopic ensembles. This unifies classical and quantum foundations
of statistical mechanics by pinpointing exactly when–and why–entanglement matters

This work is supported by the National Council for Scientific and Technological Devel­
opment, CNPq Brazil (projects: Universal Grant No. 406499/2021­7, and 409611/2022­0).
TRO acknowledges funding from the Air Force Office of Scientific Research under Grant No.
FA9550­ 23­1­0092
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Energy conversion at the nanoscale: exploiting non­thermal resources

Henning Kirchberg

Chalmers University of Technology, Kemivägen 9, Göteborg, Sweden

Nanoscale engines ­ such as on­chip thermoelectric devices ­ are increasingly used to trans­
duce energy and particles between reservoirs for useful tasks like cooling. Unlike macroscopic
engines, these systems often operate under conditions where environmental reservoirs are con­
stantly out­of­equilibrium and cannot be described by well­defined thermal distributions. Con­
sequently, temperature and chemical potential lose their meaning, and fluctuations in energy
and particle flows become significant. Rather than treating this non­thermal nature as a limita­
tion, we exploit it as a resource to design devices that can even outperform traditional engines
in performance. We investigate a prototype quantum thermoelectric device operating between
a non­thermal and thermal reservoir, analyzing energy and particle flows in the coherent trans­
port regime via scattering theory [1]. Our approach seeks to optimize the device’s performance
based on the efficiency, precision, or a trade­off between the two at a given output cooling
current while the usual heat­work distinction breaks down. We introduce entropy currents as
resources and exploit a Lagrange multiplier method to optimize the particle transmission char­
acteristics to achieve the optimal performance. We find that the resulting optimal transmission
filters are directly shaped by the non­thermal distribution. Our work provides a framework for
characterizing and leveraging non­thermal resources, opening pathways for unconventional
energy conversion strategies in quantum thermodynamics and nanoscale physics.

[1] E. Danielsson, H. Kirchberg, J. Splettstoesser, Phys. Rev. B 112, 195434 (2025)
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Josephson diode effect in superconducting circuits

Thierry Martin, Rupoma Bhattcharya, Raymond Laurent, and Ronetti Flavio

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

We investigate the superconducting diode effect in circuits composed of two Josephson junc­
tions in series, connected to three cuperconductors. This cricuit was implemented experimen­
tally by S. Matsuo et al, with Josephson junctions where a semiconductor was embeded in
order to change the transmission with a gate. Here we embed quantum dots ­ which are here
considered as resonant energy levels ­ in the two junctions in order to optimize the Josephson
current. The diode effet occurs because of the two fundamental Cooper pair processes occuring
at the central superconductor: double crossed Andreev reflection and Cooper pair cotunneling
through the latter. We use the Masubara formalism is employed and the partition function can
be written as a simple sum over Mastubara frequency of a determinant which incorporates tun­
neling processes to all orders between the dots and the leads. The diode behavior is studied as
a function of the parameters of the system such as the ratio of the tunneling rates of the dots to
the gap energy and the position of the levels of the two dots.
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Holiday in a black hole

Theo M. Nieuwenhuizen

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

It is first stressed that at the BH horizon, massive objects move with light speed. This is already
evident from relating their local Minkowski frames with the known infinite redshift.

Escape from a black hole is possible by using the rocket’s engines. In an eternal charged
black hole, an exit typically happens automatically.

A closed time­like curve has an equal­time crossing point of the ingoing path and the path
after exiting the BH. The crossing is a peculiarity of the mathematical description by the sta­
tionary observer; it does not occur for freely falling Painlev’e­Gullstrand observers, hence it
does not relate to a physical event for any observer

The “grandfather paradox” thus gets a simple answer: the equal­time crossing does not
relate to a physical event: the grandson cannot kill his young grandfather and thereby erase his
existence.

If one throws a bomb in a nearby BH and it explodes inside, one is not safe. This has been
shows for a quantum­bomb: for a neutron decaying in a black hole, the created electron can
escape. After the classical demonstration, it is shown that narrow quantum wave packets move
classically.

The Penrose­Carter diagrams for a Schwarzschild BH has only two patches: exterior and
interior. For charged and/or rotating black holes, there is a patch for the exterior, for the manlte
and for the core – no infinite tower of patches.

The misconception in the field is the separation between the “black” hole, where stuff and
light can only go inwards, from the “white” hole, where they can only go outwards. In general,
like with the bomb, both can occur simultaneously for the respective components. This is
obvious when considering the local Minkowski frames. Such cases are neither covered nor
excluded by trapping theorems.

Discussion with Erik Verlinde is acknowledged.

[1] TM Nieuwenhuizen, Holiday in a black hole. Europhysics Letters, 2026 EPL 153 49001
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Implementing Single­Qubit General Quantum Dynamical Maps on
Quantum Devices

Mirko Rossini, Miriam Resch, Dennis Herb, Joachim Ankerhold, Brecht I.C. Donvil, and
Dominik Maile

Institute for Complex Quantum Systems ­ Ulm University, Albert­Einstein­Allee 11, Ulm,
89081, Germany

The dynamics of open quantum systems is typically described by completely positive trace­
preservingmaps, which guarantee physical consistency and direct experimental implementabil­
ity. However, many transformations of both fundamental and practical interest fall outside this
standard framework. Examples include inverse quantum channels, non­Markovian propaga­
tors, effective reduced dynamics, and other generalized dynamical maps that are not necessarily
completely positive.

We present a general mathematical framework that enables the implementation of such
maps for single qubits on quantum devices by decomposing them into experimentally accessi­
ble operations combined with classical post­processing. This provides a constructive route to
realize transformations that would otherwise be considered nonphysical, while allowing one to
characterize the associated experimental overhead.

The method opens several relevant applications. It enables the simulation of generalized
open­system dynamics beyond standard Markovian evolution, including reversed dissipative
processes for single­qubit systems. It also provides a natural framework for error mitigation
through inversion of experimentally reconstructed noise channels, with potential applications
in both quantum computing and quantum sensing. In particular, tailored mitigation strategies
may significantly improve the performance of noisy single­qubit processors and sensing plat­
forms.

[1] M. Rossini, D. Maile, J. Ankerhold and B. I. C. Donvil, Physical Review Letters 131 (2023)
110603.

[2] M. Resch, D. Herb, M. Rossini, J. Ankerhold and D. Maile, arXiv 2512.11671 (2025).
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Optical Emulation of Bell Tests, Information Entropy, and QKD
Protocols with Pulsed Lasers

Katherine Perez and Georgi Gary Rozenman

Massachusetts Institute of Technology, Department of Mathematics, 77 Massachusetts
Avenue, Cambridge, USA

Emulation offers a useful framework for exploring quantum­information protocols in con­
trollable classical and quantum platforms. In this talk, I present a hybrid approach com­
bining pulsed­laser optical emulation, IBM superconducting quantum­computer experiments,
and machine­learning reconstruction methods for studying Bell­type correlations and related
quantum­information protocols.

The optical system uses polarization­encoded pulsed laser pulses, basis­selective measure­
ments, and time­resolved detection to reproduce the algebraic structure of Bell­state analysis,
including effective density­matrix reconstruction and CHSH­type correlation matrices. In par­
allel, IBM quantum hardware implements a two­qubit CHSH circuit in which entanglement
is generated through a Hadamard­CNOT sequence, converted to the |ψ+⟩|ψ+⟩ Bell state, and
measured after programmable RyRy rotations of Alice and Bob’s measurement axes. These
data provide a genuine quantum reference for comparison with the optical emulator.

A central direction of this work is the use of machine learning to reconstruct incomplete
Bell­test data. In a standard CHSH experiment, the Bell parameter is obtained from
16 measurement­angle settings, but realistic free­space, satellite, photonic, and matter­wave
systems may lose settings because of turbulence, obstruction, detector dead time, or finite ac­
quisition time. We show that supervised models can infer a missing correlator and recover the
Bell parameter from only 15 of the 16 settings.

This strategy is validated across IBM quantum hardware, the MIT optical Bell­test emu­
lator, single­photon entangled­pair data, and metastable­helium atom­pair Bell­test data. The
results suggest a practical route toward stabilizing Bell certification and QKD protocols against
partial measurement loss, while providing a compact platform for studying how quantum­style
correlations are encoded, reconstructed, and certified.

[1] J. S. Bell, “On the Einstein–Podolsky–Rosen paradox,” Physics 1, 195 (1964).
[2] E. Arbel et al., “Optical emulation of quantum state tomography and Bell test—A novel

undergraduate experiment,” Results in Optics, 21, 100847 (2025).
[3] S. P. Gandelman, A.Maslennikov, andG. G. Rozenman, “Hands­on quantum cryptography:

Experimentation with the B92 protocol using pulsed lasers,” Photonics 12(3) (2025).
[4] Y. Bloom et al., “Quantum cryptography—A simplified undergraduate experiment and sim­

ulation,” Physics 4, 104 (2022).
[5] S. P. Gandelman and G. G. Rozenman, “Emulation of the six­state quantum key distribution

protocol with pulsed lasers,” arXiv preprint, arXiv:2511.13413 (2025).
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Interaction­driven dynamics in Graphene flakes

Peter Schmitteckert

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

We study interaction­driven ultrafast dynamics in finite graphene flakes following an optical
pump quench in an interacting tight­binding model. By comparing exact real­time evolution
with simulations restricted to particle­hole excitation subspaces, we assess when relaxation can
be captured by low­order many­body processes and when this is not sufficient.

This work is is motivated by the observation, that basically all observables in Graphene are
described by a non­interacting tight binding Hamiltonian on a honeycomb lattice. One of the
few exceptions is the decay of particle­hole excitations, created by a pump laser and probed
by a probe laser. These excitations decay in the order of 30 fs, too fast for any relaxation
mechanism like phonons except electronic interaction. However, in a description based on
non­interacting fermions, including HF or DFT, these excitations can’t decay. The typical
simulation techniques therefore includes second order Born approximations for the self­energy.
We therefore address the question: if an effect is only driven by electron­electron interaction,
can we check whether methods based on restricting the particle­hole excitations are justified?

To this end we study the entropy A of the single­particle density matrix ϱ, S = Tr (­ ϱ log(
ϱ) ­ (1­ ϱ) log(1­ ϱ)). This quantity is time independent for unitary time evolutions governed
by free fermion systems, and stays single­particle basis independent for interacting systems.
To investigate the role of particle­hole excitations we analysed the influence of the number of
particle hole excitations we allow.

Looked like a straight­forward plan. Yet, the results are confusing, on small Graphene
flakes, second order excitations, i.e. a system including all one­ and two­ particle­hole exci­
tations, is sufficient to describe the quench. Increasing the system size suddenly increases the
importance of higher order particle­hole excitations. For periodic boundary conditions, less
excitations are needed albeit leading to much faster relaxation rates. In contrast, for a square
lattice, the difference between hard­wall boundary conditions, and periodic BC are signifi­
cantly smaller.

Acknowledgement: DLR Quantum Computing Initiative and the Federal Ministry for Re­
search, Technology and Space (qci.dlr.de/projects/ALQU)

[1] Fabian Eickhoff, Satoshi Ejima, Lukas Windgätter, Florian G. Eich, Hannah Rittich, Se­
bastian Zanker, Peter Schmitteckert, “Interaction­driven dynamics in graphene flakes as a
benchmark for quantum simulation”, arXiv:2606.10548
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Atmospheric Newtonian noise in torsion­balance measurements of the
gravitational constant G

Jyortimaya Mohanta1 and Yutaka Shikano1,2

1University of Tsukuba, 1­1­1 Tenoudai, Tsukuba, Ibaraki 305­8573, Japan
2Institute for Quantum Studies, Chapman University, Orange, CA 92866, USA

Measurements of Newton’s gravitational constant remain limited by environmental and apparatus­
dependent systematics whose treatment is often less explicit than that of instrumental noise.
Among these, atmospheric density fluctuations generate unshieldable gravity gradients that
couple directly to torsion­balance observables as atmospheric Newtonian noise. Here, we de­
velop a GUM­consistent framework for propagating this contribution through the torque es­
timator into the uncertainty budget of torsion­balance measurements. We derive closed­form
spatial transfer functions for two benchmark geometries: a two­mass dumbbell, which pro­
vides an upper­coupling reference, and a perfectly symmetric cross, which serves as an ide­
alized rejection limit and exposes the trade­off between suppressing low­order environmental
coupling and preserving signal response. We also separate stationary correlated inputs from
non­stationary baseline drift, using the Ornstein–Uhlenbeck process only as a benchmark for
the former. Atmospheric pressure benchmarks indicate that the resulting background contribu­
tion is below present reference uncertainty levels, but can become relevant as systematic floors
approach the part­per­million regime. This framework provides a practical route for incor­
porating site­specific environmental gravity gradients into future torsion­balance uncertainty
budgets [1].

This work was partially supported by JST ASPIRE (No. JPMJAP2339) and the JST SPRING
Program (No. JPMJSP2124).

[1] J. Mohanta and Y. Shikano, submitted.

184



Posters

185



P1

How to map between any two pure states with a single unitary

Peter T. J. Bradshaw1, Marcus Gouveia1, and Jonte R. Hance1,2

1Quantum Group, School of Computing, Newcastle University, 1 Science Square, Newcastle
upon Tyne, NE4 5TG, United Kingdom

2Quantum Engineering Technology Laboratories, Department of Electrical and Electronic
Engineering, University of Bristol, Woodland Road, Bristol, BS8 1US, United Kingdom

It is well­known that any two pure quantum states (in the same Hilbert space) can be mapped
to any other using unitary transformations. However, it was previously unknown how to de­
termine the simplest transformation which achieves this for an arbitrary pair of pure states in
arbitrary Hilbert space dimension. This contribution shows how to utilise novel algebraicmeth­
ods to construct such a unitary transformation in general; and proves that the desired mapping
is always possible using a single exponential of unitary Lie algebra generators. This provides
a useful tool for studying the relationships between systems of pure states in quantum infor­
mation theory, as well as more elementary analyses of quantum circuits.

PTJB is supported by JRH’s EPSRC Quantum Technologies Career Acceleration Fellow­
ship (UKRI1217) and Royal Society Research Grant (RG/R1/251590).
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Coexistence of Anderson Localization and Quantum Scarring in Two
Dimension

Fartash Chalangari1, Anant Vijay Varma1, Joonas Keski­Rahkonen1,2, and Esa Räsänen1,2

1Tampere University, Tampere 33014, Finland
2Harvard University, Massachusetts 02138, USA

We investigate finite two­dimensional disordered systems with periodic confinement. At low
energies, eigenstates exhibit strong Anderson localization, while at higher energies a subset of
states exhibits variational scarring with anisotropic intensity patterns that deviate from random­
wave expectations. Scaling theory predicts that in two dimensions all eigenstates localize in
the large­system­size limit, yet the energy­dependent localization length and finite­size effects
allow these regimes to coexist. We demonstrate that this coexistence produces distinct, robust
signatures in both spatial intensity patterns and spectral statistics that are directly observable
in mesoscopic electronic, photonic, and cold­atom systems.

We acknowledge CSC — Finnish IT Center for Science for computational resources, and
Research Council of Finland, ManyBody2D Project No. 349956, for financial support. This
project is also supported by the National Science Foundation (Grant No. 2403491).
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Fate of entanglement in open quantum magnets

Federico Emmanuel García Gaitan and Branislav K Nikolic

University of Delaware, Sharp Lab, Newark 19711, USA

Many­body entanglement properties of quantum magnets, including conventional ferro­ and
antiferromagnets as well as exotic quantum spin liquids, have been intensively explored over
the past two decades, but mostly as closed quantum systems. However, in experiments and
potential applications, candidate materials will always interact with a dissipative environment,
such as the one generated by bosonic quasiparticles in solids at finite temperature. Here we
investigate both the stability and spatial distribution of entanglement for Heisenberg ferro­ and
antiferromagnetic models, as well as for the Kitaev model of quantum spin liquid, which are
made open by its sudden coupling to an infinite bosonic bath of Caldeira­Leggett type and
then time­evolved using a wide variety of numerical and analytical tools in both the Marko­
vian and non­Markovian regimes. For the Heisenberg family of Hamiltonians, we determine
necessary conditions for a quantum­to­classical transition where the effective dynamics are
well described by the conventional Landau­Lifshitz­Gilbert equation. The presence of strong
coupling between the quantummagnet and dissipative reservoir is found to impede such a tran­
sition. For the quantum spin liquid model, we observe unusual persistence of typically fragile
entanglement patterns in the presence of a non­Markovian bath. We also extend our discus­
sion to driven­dissipative versions of these models, where we identify optimal opportunities
to enhance entanglement properties. Overall, we observe that the conventionally detrimental
role of dissipative baths for genuine quantum features can be turned into useful entanglement­
stabilization protocols when a structured bath is considered.

This research was supported by the U.S. National Sci­ ence Foundation (NSF) under Grant
No. DMR­2500816. The supercomputing time was provided by DARWIN (Delaware Advanced
Research Workforce and Innovation Network), which is supported by NSF Grant No. MRI­
1919839.
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Quantum Thermal Logic Gates

Shuvadip Ghosh1, Arnab Ghosh1, Bivas Dutta2, and Papiya Maity2

1Indian Institute of Technology Kanpur, IIT Kanpur, Kanpur, India
2Indian Institute of Technology Indore, Khandwa Road, India

We propose a new concept for quantum thermal logic gates – analogous to classical electronic
logic gates – where we exploit the heat current in a coupled quantum­dots, tunnel­coupled
to electronic thermal reservoirs for logic operations in a quantum circuit. We obtained a re­
markable one­to­one correspondence with the classical electronic logic gates. An experimental
setup is presented that demonstrates a realizable nano­electronic quantum circuit architecture
for implementing such quantum thermal logic operations.

SG and AG acknowledge the support from PMRF and IIT Kanpur, respectively. BD ac­
knowledges the support funded by ANRF under the ANRF­PMECRG grant with the project
number ANRF/ECRG/2024/003114/PMS, support from the IIT Indore YFRSG grant, and sup­
port from PAIR Network of SAKSHAM funded by ANRF, India, through the grant
ANRF/PAIR/2025/000018/PAIR, administered and mentored by IIT Indore.
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Syntropy Time Crystal State: Gate Coherence Quantum Simulations

Tadeusz Habdank­Wojewódzki1, Julianna Habdank­Wojewódzka2, and Kashyap
Chilakamarri3

1AGH University of Science and Technology in Krakow, al. Adama Mickiewicza 30, 30­059
Kraków, Poland

2The John Paul II Catholic University of Lublin, Al. Racławickie 14, 20­950 Lublin. Poland
3Department of Computer Science, IU International University of Applied Sciences, Berlin,

Germany

This article presents a paradigm shift: the Time Crystal as a Syntrodynamic State. We propose
the syntropic time crystal and syntrodynamic coherence teleportation theory (SCTT), a math­
ematical model in which information is encoded not in static spatial configurations, but in the
temporal structure of matter itself. Central to this framework is a new 13­dimensional real al­
gebra C11, defined by a dual algebraic structure where conjugate imaginary units i and j satisfy
the fundamental relation j = 1/i. This duality creates a split­complex sector allowing informa­
tion to be represented simultaneously in entropic and syntropic forms. The algebra embeds
naturally into twistor space via the Penrose transform, where quantum states become holo­
morphic sections and teleportation manifests as null­geodesic propagation along a Lorentzian
information manifold with metric ds2=dS2­d Σ2.

We construct a mapping from this algebra into quantum circuits via a compiler pipeline–
the Hopf Gold Simulation Framework–which translates higher­dimensional algebraic struc­
tures (including X(11) modular geometry) into executable unitary operators. These operators
are embedded into Floquet­engineered quantum circuits and evaluated using GPU­accelerated
statevector simulation. To overcome the exponential memory bottleneck inherent in classi­
cal quantum simulation, we implement a heterogeneous parallelization architecture combin­
ing CPU memory capacity with GPU computational throughput. The system leverages high­
bandwidth tensor operations on NVIDIA H100 GPU while extending qubit capacity through
distributed CPU memory allocation. This hybrid model enables simulation of larger Hilbert
spaces while preserving performance­critical GPU execution paths. Simulations were exe­
cuted using a GPU­accelerated quantum backend (Qiskit Aer with CUDA/cuQuantum inte­
gration), achieving numerical state fidelities exceeding 0.9999998 over 100 Floquet cycles,
validating the stability of syntrodynamic states. The resulting dynamics exhibit a π­spectral
gap characteristic of robust time­crystalline order, with decoherence suppressed exponentially
via frequency­domain encoding.

Gate operations preserving this structure correspond to knot invariants–specifically Jones
polynomials at q=e2 πi/11. We identify the prime number n = 11 as optimal for balancing min­
imal redundancy with maximal topological protection, leveraging the arithmetic geometry of
the modular curve X(11). We detail the construction of the syntrodynamic state, its stabiliza­
tion via Floquet engineering, and the emergence of a π­spectral gap that provides exponential
suppression of decoherence. Furthermore, we explore the Quantum Theory of Frequencies
Information, where information is encoded in stable frequency modes.
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Teleportation Syntrodynamics; Algebra Quantum Computing

Tadeusz Habdank­Wojewódzki1 and Julianna Habdank­Wojewódzka2
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Teleportation Syntrodynamics; Algebra Quantum Computing is a unified mathematical frame­
work that synthesizes teleportation syntrodynamics, quantum algebraic computation, and Lorentzian
information geometry in string syntrodynamic theory applications. We assume that quantum
information propagation is not transmission through spacetime but null­geodesic evolution on
an 11­dimensional manifold M11

∼=R1,3×X7, where X7 admits G2 or Calabi­Yau structure com­
patible with M­theory compactification.

The fundamental assumption is the Syntropy Algebra C11,a 13­dimensional real associative
algebra with dual imaginary units i,j satisfying j = i−1 and cyclic frequency generators {ωk}
11
k=1 forming Z11. This algebra embeds into twistor space PT≈CP3 via the Penrose transform,
where quantum states become holomorphic sections and teleportation manifests as boundary­
state synchronization enforced by the Master Stability Predicate Lteleport≡⟨C4⟩ = 0.

We argue that the topological locking security stems not from computational difficulty,
but from the arithmetic rigidity of the Riemannian Zeta Spectral Guard (Rζ>0.95) combined
with the E8 automorphism symmetry of the C11system via the McKay correspondence. The
framework yields Infinite Finality for distributed ledger systems – where consensus is replaced
by unique constraint satisfaction – and enables distance­independent quantum communication
via the Null Twistor Vacuum.

Computationally, we implement a GPU­accelerated Syntropy Σ/QIPR/SQIPR simulator
with novel metrics: the Syntropic Quantum Inverse Participation Ratio (SQIPR) and Syntropic
Stability Index (SSI). The Boundary Field Interface v14.0 operationalizes the theory through
Hepta­Modal Synthesis, monitoring real­time equilibrium via the Syntropic Norma (Nsyn≈0.5)
and grounding all reasoning in Bonded Science.
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Ergotropy Extraction Under Observational Constraints

Viktor Hochmann and Dominik Šafránek

Charles University, Department of Condensed Matter Physics, Suchý vršek 2128/21, Praha,
Czech Republic

Coherent energy transfer in quantum systems plays an increasingly important role in emerging
platforms such as quantum batteries and engineered many­body quantum systems. In this set­
ting, ergotropy, the maximum work extractable from a quantum state via unitary operations,
quantifies the operationally accessible energy stored in a quantum system. Standard formula­
tions of ergotropy assume complete knowledge of the quantum state, allowing one to construct
a globally optimal work­extraction unitary.

We instead consider the experimentally relevant setting in which one has access to many
identical copies of an unknown quantum state, but only to a restricted set of coarse­grained
measurements that one can perform on these copies. Such an observational constraint fun­
damentally limits the information we can obtain about the state and therefore the amount of
extractable work. This raises the following questions: can one design an ergotropy extrac­
tion protocol that operates under restricted measurement access, and can such a protocol be
realized on an existing experimental platform? In this poster, we present an observational er­
gotropy extraction protocol introduced in [1] and analyze the feasibility of its implementation
within a trapped­ion quantum simulator architecture.

[1] D. Šafránek, D. Rosa, and F. C. Binder, Phys. Rev. Lett. 130 (2023) 210401.
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Non­abelian string­breaking dynamics on a qudit quantum computer

Manuel John

University of Innsbruck, Technikerstraße 25a, Innsbruck 6020, Austria

The Standard Model of particle physics underpins our understanding of fundamental interac­
tions by describing the interplay of matter and forces through gauge theories. Yet, despite
their huge success in studying a wide range of phenomena, the intrinsic quantum nature of
gauge theories renders certain problems notoriously difficult to study. Particularly, real­time
dynamics remain largely inaccessible to high­energy experiments and classical simulations.
While quantum computers and simulators have recently made great progress in the simulation
of abelian dynamics, more complex non­abelian theories, such as quantum chromodynam­
ics, have proven to be extremely challenging. Here we demonstrate the use of a trapped­
ion qudit quantum processor to study non­abelian string­breaking dynamics in a truncated
SU(2) model. We experimentally demonstrate the coherent evolution of strings prepared in un­
breakable configurations—leading to string oscillations, as well as breakable configurations—
leading to gluonic (glueball) excitations. This highlights the potential of hardware­efficient
and problem­tailored qudit quantum simulations for the field of high­energy physics.
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Entropy flow in Programmable quantum heat engine
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1Forschungszentrum Jülich, Wilhelm­Johnen­Straße, Jülich, Germany
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We evaluate the entropy flows between two reservoirs mediated by a quantum chip. This chip
in principle can be made up of multiple qubits connected in a complex manner. The goal
is to find how the entropy flow to the probe reservoir can be controlled in a programmable
manner by a quantum system which acts as a junction [1]. We study this problem for X­
gate [2] and Cross­Resonance(CR)­gate setups. We compare and contrast the results. Both
setups are seen to have advantages in different parameter regimes. Multi­world diagrams are
seen to play a significant role in altering these results and hence their contributions can not be
ignored. Negative differential entropy conductance (NDEC) is also observed and is shown to
have different characteristics for each setup.

[1] Y. V. Nazarov, Flows of rényi entropies, Phys. Rev. B 84, 205437 (2011).
[2] M. H. Ansari and Y. V. Nazarov, Rényi entropy flows from quantum heat engines, Phys.

Rev. B 91, 104303 (2015).
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Angular Momentum Quantization in Two­Dimensional Charge­Flux
Composites: A Quantum Electrodynamic Approach

Kicheon Kang
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The fractional angularmomentum, commonly referred to as “fractional spin,” of a two­dimensional
charge­flux composite is a foundational concept in the study of anyons and fractional statistics
[1]. When derived from a standard semiclassical Hamiltonian, the kinetic angular momentum
of such a system takes the fractional valueLk = nh̄−qΦ/2π. However, if the charge and mag­
netic flux are treated together as an isolated quantum system in free two­dimensional space,
the fundamental rotational and reflection symmetries of the O(2) group demand that the total
net angular momentum be quantized in integer or half­integer units of h̄.

In this work, we address this apparent theoretical discrepancy by adopting a full quantum
electrodynamic (QED) framework, building upon recent studies on treating the locality prob­
lem in the Aharonov­Bohm effect [2]. We demonstrate that when the charge and flux interact
via the vacuum electromagnetic field, the composite system possesses an intrinsic interaction
angular momentum derived directly from Noether’s theorem. This interaction component nat­
urally incorporates both the localized field momentum and the hidden relativistic mechanical
momentum.

Our formalism shows that this gauge­invariant interaction angular momentum exactly com­
pensates for the fractional portion of the kinetic angular momentum. Consequently, the integer
quantization rule for the net angular momentum of the isolated system is fully restored. Our
approach clarifies that the conventionally accepted fractional spin corresponds to the expecta­
tion value of the kinetic contribution within the perturbed QED ground state. Ultimately, we
demonstrate that the exotic fractional spin of two­dimensional charge­flux composites can be
rigorously understood without abandoning fundamental spatial symmetries when the vacuum
electromagnetic field is properly accounted for.

[1] F. Wilczek, Magnetic Flux, Fractional Statistics, and the Topological Mass Term, Phys.
Rev. Lett. 49, 957 (1982).

[2] K. Kang, Gauge invariance of the local phase in the Aharonov­Bohm interference: Quan­
tum electrodynamic approach, EPL 140, 46001 (2022).
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A Coupled­Field Ontology for Entanglement, Spin, and Fermionic
Structure

Doron Kwiat

Independent, Erez 17/2, Mazkeret Batya, Israel

We propose a real, local, deterministic coupled­field (CF) framework that provides an ontolog­
ical underpinning for key quantum phenomena traditionally treated as axiomatic. Within this
approach, quantum entanglement is not a primitive nonlocal feature but emerges from a shared
internal phase structure established at pair creation and accessed locally at measurement. We
show that this mechanism reproduces the exact singlet­state correlation while remaining fully
consistent with Bell’s theorem, whose constraints apply to preassigned discrete values rather
than continuous internal degrees of freedom with deterministic response functions.

Crucially, entanglement appears here as the first experimentally constrained manifestation
of a deeper coupled­field ontology. The same internal field structure naturally gives rise to spin­
1/2 behavior, conserved charge as a Noether current, and a characteristic action scale identified
with Planck’s constant. In this sense, standard quantum mechanics is recovered as an effective
formalism describing ensembles of coupled­field configurations, rather than as a fundamental
ontology.

Although quantummechanics preceded such a field­based description historically, the logi­
cal dependence appears to be reversed: the coupled­field framework explains why the quantum
formalism works and clarifies the physical origin of phenomena that quantum mechanics pos­
tulates. This work suggests that fermions may be understood as structured dynamical entities
composed of interacting real fields, offering a unified ontological account of entanglement,
spin, and charge.
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Coupled Real Fields as a Foundation for Spin, Entanglement, and
Gravitation

Doron Kwiat

Independent, Erez 17/2, Mazkeret Batya, Israel

We present the Coupled Fields (CF) framework, a real­field, Lagrangian­based ontological
approach to quantum phenomena in which spin, charge, entanglement, and gravitation emerge
from the dynamics of two coupled real fields. Although the pair may be represented mathe­
matically as a complex field, the formulation is fundamentally real and local. The interaction
between the fields introduces an internal continuous phase degree of freedom associated with
a U(1) symmetry and a conserved current.

In the CF model, spin 1/2 is not postulated as an intrinsic spinor property. Instead, the
internal phase acts as a hidden but physical variable whose projection onto a measurement
direction produces an effective SU(2) double­cover behavior at the level of observed corre­
lations, yielding the characteristic cos2α angular dependence found in quantum experiments.
For multiparticle systems, correlated internal phases established at the source lead to exact
recovery of quantum entanglement correlations. The model remains local but explicitly con­
textual, thereby violating Bell inequalities via contextual response functions without invoking
nonlocality.

Electric charge arises as a conserved phase current, with quantization following from topo­
logical constraints on admissible field configurations. The framework has also been extended
consistently to curved spacetime, where spacetime curvature is sourced by the energy density
of coupled fields rather than idealized point particles. In the weak­field limit, Einstein gravity
is recovered, while curvature singularities are naturally avoided.

The CF framework reproduces established quantum predictions while offering a determin­
istic, physically transparent interpretation, and defines an open research program connecting
real field dynamics, quantum phenomena, and gravitation.
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Realization of Thread Level Parallelism on Quantum Devices

Keren Li1, Shiyao Hou2, and Zipeng Wu3
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Scaling up quantum devices is a central challenge for realizing practical quantum computa­
tion. Modular quantum architectures promise scalability, yet experiments to date have relied
on either ≲103­qubit monolithic chips or fragile interconnects with high loss. Here, we intro­
duce a classical linkage scheme that merges multiple independent quantum processing units
(QPUs) into a single logical device, enabling thread­level parallelism (TLP). Theoretically, we
show that quantum routines with product­state inputs and low­rank entangling layers can be re­
expressed in an efficient parallelizable form. Experimentally, we validate this architecture on
clusters comprising up to sixteen benchtop nuclear magnetic resonance (NMR) quantum nodes.
A four­qubit Greenberger­Horne­Zeilinger (GHZ) state is partitioned into parallel two­qubit
subcircuits, achieving a fidelity of 93.8%with respect to the ideal state. A non­Hermitian evo­
lution, implemented via a truncated Cauchy integral on Hermitian Hamiltonians, reproduces
exact observables with high accuracy. Our results demonstrate that classical links suffice to
scale up the logical size of quantum computations and realize general, non­unitary channels on
today’s hardware, opening an experimentally accessible route toward software­defined, clus­
tered quantum accelerators.

Acknowledgement: National Natural Science Foundation of China, Guangdong Basic and
Applied Basic Research Foundation, the Guangdong Provincial Quantum Science Strategic
Initiative

[1] Realization of Thread Level Parallelism on Quantum Devices, arXiv preprint
arXiv:2511.05436
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Strong nonlinear thermoelectricity generation and close­to­Carnot
efficient heat engines in Superconductor­Insulator­2D electron gas

junctions

Leonardo Lucchesi1,2 and Federico Paolucci1,2

1University of Pisa, Department of Physics “E. Fermi”
2INFN ­ Pisa Section

The use of thermoelectricity in a cryogenic environment opens pathways for ultrasensitive pas­
sive detection and for control and cooling of quantum technology applications. We introduce
the Superconductor­Insulator­2DEG junction [1] as a novel nonlinear thermoelectric element.
We assess its potential via a fully nonlinear model where we consider the temperatures of both
sides, TS and TSm, and the conduction band edge of the 2DEG, Ec. Its band structure allows
the formation of nonlinear thermoelectricity even for relatively small temperature gradients,
enhancing the thermoelectric figures of merit. For TS>TSm, we obtain a maximum Seebeck
potential larger than the superconductor gap ∆0, VS∼6.75 ∆0 in the Ec=0.03 ∆0 regime, and
a maximum efficiency of η=0.92 ηc when used as a heat engine, close to the Whitney limit
for efficiency at maximum power in nonlinear quantum systems [2]. For the relevant case
∆0=200 µeV and tunnel resistance Rt=1 k Ω, we obtain a maximum Seebeck coefficient of
∼1 mV/K, a maximum Peltier current of I0∼20 nA, and a maximum output power of 4 pW
for TS­TSm∼0.9Tc, with Tc=1.3 K. We discuss the causes and the implications for these large
figures of merit, in particular, the impact of energy filtering on efficiency. In different regimes,
the system also shows a large dVS/dTS and a bistability pattern, which show potential for de­
tection and control applications, respectively. It also shows bidirectional cooling, being the
first system to cool a superconductor via a tunnel junction without another superconductor.

The Italian Ministry of University and Research partially funded the work of L.L. and F.P.
under the call PRIN2022 (Financed by the European Union – Next Generation EU) project
EQUATE (Grant No. 2022Z7RHRS) and under the call FIS2 project QuLEAP (Grant No.
FIS2023­00227). F.P. acknowledges the CSN V of INFN under the technology innovation grant
STEEP, for partial financial support.

[1] L. Lucchesi and F. Paolucci, arXiv:2604.02123
[2] R. S. Whitney, Phys. Rev. B 91, 115425 (2015)
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Two­qubit encoding strategy for a continuous quantum system

Sebastian Luhn and Matthias Zimmermann

DLR e.V., Institute of Quantum Technologies, Wilhelm­Runge­Str. 10, 89081 Ulm, Germany

Bosonic codes employ particular states of an infinite­dimensional Hilbert space to encode a
qubit within a continuous quantum system. Despite the enormous resources available in a con­
tinuous quantum system [1], typical encodings only exist for single qubits [2]. Here we go one
step further and present an encoding scheme for two qubits (four states), which protects against
errors in small shifts of the canonical variables position q and momentum p. Furthermore, we
present a universal set of single and two­qubit operations, based on particular symmetry oper­
ations for continuous quantum states represented by a square lattice in phase space.

To provide support for numerical calculations we present a self­built simulation package
that can simulate quantum operations for a huge variety of continuous quantum systems on
powerful HPC hardware as well as on a local pc. Our software does support many well­known
codes like GKP or cat codes. Moreover it offers several predefined gates for simulating oper­
ations acting on single and composed quantum systems and allows, in particular, the coupling
of discrete to continuous systems.

This project was made possible by the DLR Quantum Computing Initiative and the Federal
Ministry for Research, Technology and Space; qci.dlr.de/projects/aqura/.

[1] Lloyd, S. and Braunstein, S., QuantumComputation over Continuous Variables, Phys. Rev.
Lett. 82, 1784­1787 (1999).

[2] Gottesman, D., Kitaev, A., and Preskill, J., Encoding a qubit in an oscillator, Phys. Rev. A
64:012310 (2001).
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Modeling dissipation and decoherence in qubit systems via the
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The usual approach to studying the dynamics of an open quantum system is to use a quantum
master equation (QME) with Markovian evolution and weak coupling, leading to the Redfield
or Lindblad equations [1]. However, in the presence of strong coupling or a strong driving
field, the Markovian time evolution may no longer be valid.

We model a qubit coupled to an environment using the spin­boson model and examine
the effects of strong coupling and driving pulses on the system’s dynamics. The pulses rep­
resent laser pulses used in the implementation of gate operations between qubits in quantum
computers [2]. We investigate how strong system­bath coupling influences both the adiabatic
preparation of the coupled equilibrium state and the subsequent nonequilibrium dynamics af­
ter the two­level system is driven out of equilibrium. We find that the adiabatic preparation
time depends on the specific observable used to assess convergence: when the ground­state en­
ergy is the target, the required switching time increases monotonically with coupling strength,
whereas for local observables such as Pauli matrix expectation values, the behavior can appear
non­monotonic. Starting from this prepared coupled state, we then track the system’s nonequi­
librium evolution and relaxation under driving, highlighting how strong coupling controls the
post­drive dynamics [3].

We acknowledge the financial support of the Finnish Ministry of Education and Culture
through the Quantum Doctoral Education Pilot Program (QDOC VN/3137/2024­OKM­4) and
the Research Council of Finland through the Finnish Quantum Flagship project (359240).

[1] H.­P. Breuer, and F. Petruccione, The Theory of Open Quantum Systems (Oxford Univer­
sity Press on Demand, New York, 2002).

[2] E. Pelucchi, G. Fagas, I. Aharonovich, D. Englund, E. Figueroa, Q. Gong, H. Hübel, J. Liu,
C.­Y. Lu, N. Matsuda, J.­W. Pan, F. Schreck, F. Sciarrino, C. Silberhorn, J. Wang, and K.
D. Jöns, Nat. Rev. Phys. 4, 194 (2022).

[3] J. Marjamäki, R. van Leeuwen, and R. Tuovinen, manuscript in preparation (2026).
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Majorana Signatures in Quantum Dot­Topological Superconductor
Junctions with Electron­Phonon Coupling

Levente Máthé, Doru Sticlet, and Liviu P. Zârbo

National Institute for Research and Development of Isotopic and Molecular Technologies,
Donat 67­103, Cluj­Napoca 400293, Romania

We theoretically study quantum transport through a quantum dot coupled to Majorana bound
states confined at the ends of a topological superconducting nanowire. The topological super­
conductor forms a loop and is threaded by a tunable magnetic flux, which allows one to control
the electron transport in the system. In particular, we investigate phonon­assisted transport
properties in the device when the central quantum dot interacts with a single long­wave op­
tical phonon mode. We find that when the two Majorana bound states are unhybridized, the
zero­temperature linear conductance has a 2 π periodicity as a function of magnetic flux phase,
independent of the electron­phonon interaction, the quantum dot energy, or the finite values
of dot­Majorana couplings. For a finite overlap between the Majorana bound states, the linear
conductance periodicity generally changes to 4 π either due to a finite electron­phonon cou­
pling strength, or a dot energy level that is tuned away from the Fermi level. Additionally, the
differential conductance periodicity changes from 2 π to 4 π when the Majorana bound states
hybridize and the electron­phonon coupling is finite. Our results provide insight into transport
signatures expected in topological quantum computational platforms that integrate quantum
dots as a means for Majorana qubit readout. The energy exchange with an environmental bath,
here a single phonon mode, significantly alters the current signatures expected from Majorana
modes [1].

This work was supported through the “Nucleu” Program within the National Research De­
velopment and Innovation Plan 2022–2027, Romania, carried out with the support of MEC,
project no. 27N/03.01.2023, component project code PN 23 24 01 04, and also received fi­
nancial support from CNCS/CCCDI­UEFISCDI, under project number PN­IV­P1­PCE­2023­
0987.

[1] L. Máthé, D. Sticlet, L. P. Zârbo, Phys. Rev. B105 (2022) 155409 .
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We propose a realistic nanodevice formed by embedding of a quantum dot between two con­
ducting leads via symmetrical tunnel junctions in the presence of electron­phonon interaction.
The quantum dot is coupled to one of the ends of a Majorana nanowire, which leads to probe
Majorana bound states under conditions where the influence of an environmental bath, mod­
eled here by a single long­wave optical phonon mode, on the tunneling current characteristics
is considered. To analyze the transport characteristics of the nanojunction, a combination of
the nonequilibrium Green’s function technique with a canonical transformation has been em­
ployed. The corresponding retarded Green’s functions have been determined by applying the
equation of motion method. The behavior of the current vs. gate voltage, the current vs. bias
voltage and the current vs. quantum dot­Majorana coupling characteristics is studied for an
experimentally relevant parameter range. We demonstrate that the tunneling current is sensi­
tive to, and depends non­trivially on the parameters of the dot­Majorana setup, in the regime of
low voltages combined with low temperatures. The current­bias voltage curves present a step­
like structure in the presence of electron­phonon coupling due to the phonon­assisted tunneling
through the dot. We hope that our quantum dot­based setup can serve as a possible platform
for future Majorana detection experiments [1].

This work was supported through the “Nucleu” Program within the National Research De­
velopment and Innovation Plan 2022–2027, Romania, carried out with the support of MEC,
project no. 27N/03.01.2023, component project code PN 23 24 01 04, and also received fi­
nancial support from CNCS/CCCDI­UEFISCDI, under project number PN­IV­P1­PCE­2023­
0987.

[1] L. Máthé, Z. Kovács­Krausz, I. Botiz, I. Grosu, K. E. Anouz, A. E. Allati, L. P. Zârbo,
Nanomaterials13 (2023) 1616.
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The unification of gravity and quantum mechanics remains incomplete, and the possibility
that gravity is fundamentally classical has not yet been ruled out. In recent years, gravity­
induced entanglement in the low­energy Newtonian regime has attracted considerable attention
as a possible sigature of the quantum nature of gravity. Since such entanglement cannot be
generated by a purely classical gravitational interaction, its observation could provide evidence
that gravity follows quantum mechanics.

In this work, we discuss both the amplification of gravity­induced entanglement and a uni­
versal bound governing its generation [1]. Several schemes have been proposed to enhanced
gravity­induced entanglement, including approaches based on mediator systems and unstable
potentials. Here, we propose an amplification method using a pulsed optomechanical system.
In the pulsed regime, the quantum state of a mechanical oscillator can be swapped with that
of an optical mode, allowing one to prepare the mechanical oscillator in a highly nonclassical
state. we show that using such a state can amplify the amount of gravity­induced entanglement.

While this method increases the amount of entanglement, the condition for entanglement
generation is determined by the competition between thermal noise and the gravitational in­
teraction, and no example exceeding this bound has been found. We therefore demonstrate
that this bound is universal for the initial two­mode Gaussian states and Fock states. We also
clarify the same universal bound holds for non­Gaussian dynamics and even in the presence of
a mediator [2].

This work was supported by the JSPS Overseas Research Fellowships and the Keck Foun­
dation.

[1] D. Miki, L. Alfred, Y. Chen, arXiv:2605.26240
[2] L. Alfred, D. Miki, Y. Chen, arXiv:2605.26215
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Quantum computing, communication, and sensing technologies rely on precise knowledge of
quantum states, that cannot be directly measured. Quantum state tomography (QST) recon­
structs these states from indirect measurements by minimizing the statistical discrepancy be­
tween experimentally observed data and predictions from quantum theory. This optimization
problem is nonlinear and subject to physical constraints on the states. We present a Julia imple­
mentation that efficiently and robustly minimizes this statistical distance while enforcing the
physical constraints. Our work provides a practical, extensible toolkit for QST and a compara­
tive guide to choosing optimizer based on accuracy, speed, and robustness. Our approach mini­
mizes a residual between predicted and measured statistics and supports both least­squares and
log­likelihood formulations. Physical constraints are enforced through Cholesky parameteri­
zation or projection methods. We benchmark on simulated data several optimization strategies,
like projected Gauss­Newton, L­BFGS, and trust­region solvers. The benchmarks evaluate re­
construction accuracy, scaling with the number of qubits, convergence speed, and stability,
offering practical guidance for selecting optimizer in QST applications.

This work was supported by the Czech Science Foundation (Junior Star 25‑17250M). Do­
minik Šafránek additionally acknowledges support from the PRIMUS program
(PRIMUS/25/SCI/027).
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  The study of anyonic excitations in the edge states of fractional quantum Hall (FQH) sys­
tems has been pursued for many years [1,2], and recent research has made significant progress
in probing their statistical properties [3,4]. So far, the statistics of anyons have mainly been
investigated through measurements of edge currents and current noise. A new measurement
scheme has been proposed that utilizes the interaction between microwaves and an isolated
FQH droplet without employing lead contacts [5]. In this setup, microwave radiation is ab­
sorbed when the incident frequency resonates with the edge modes, resulting in measurable
changes in the amplitude and phase of the transmitted signal. Furthermore, it has been pro­
posed that the statistical properties of anyons could be probed by introducing a quantum point
contact (QPC) and performing microwave spectroscopy.

In this study, we numerically evaluate the microwave response of the edge states using
quantum Monte Carlo simulations that incorporate nonperturbative effects of inter­edge scat­
tering, and compare the results with analytical calculations based on second­order perturbation
theory in the inter­edge coupling strength [6]. Our analysis focuses on the shift of the resonance
peak position and the linewidth of the microwave absorption spectrum.

Using this approach, we capture experimentally relevant features not addressed in previous
work [5], including coupling­strength­dependent peak shifts and temperature­induced changes
in the linewidth. Moreover, we find that higher­order effects become more pronounced as
the Landau­level filling factor decreases, leading to enhanced peak shifts and related spectral
features [6].

This work was supported by JST SPRING (Grant No. JPMJSP2108), JSPS KAKENHI
(Grant No. JP24K06951), and JST ASPIRE (Grant No. JPMJAP2410).
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[4] H. Bartolomei, M. Kumar, R. Bisognin, A. Marguerite, J.­M. Berroir, E. Bocquillon, B.

Plaçais, A. Cavanna, Q. Dong, U. Gennser, Y. Jin, and G. Fève, Science 368, 173 (2020)
[5] J. Cano, A. Doherty, C. Nayak, and D. Reilly, Phys. Rev. B 88, 165305 (2013)
[6] F. Murabayashi, R. Sano, F. Ronetti, J. Rech, T. Martin, T. Jonckheere, and T. Kato,
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Whether gravity must be quantized remains one of the central open questions at the interface of
quantum foundations, open­system dynamics, and tests of quantum gravity. Classical­quantum
hybrid theories have recently attracted attention as a possible framework in which gravity re­
mains classical while interacting consistently with quantum matter. Schemes based on com­
pletely positive dynamics satisfy most formal consistency requirements: they preserve posi­
tivity, incorporate irreversibility and stochasticity, avoid finite­time breakdown, and enable a
systematic treatment of quantum backreaction. At the same time, they invite the question of
whether the hybrid description is fundamental or instead an effective sector of a larger quantum
theory.

Here, we show that classical­quantum gravity based on completely positive dynamics ad­
mits a fully quantum realization on an enlarged Hilbert space. In this construction, the classical
variable is represented by a commutative pointer algebra, and the hybrid evolution arises as
the diagonal, operationally classical sector of a completely positive trace­preserving quantum
channel, equivalently admitting a Stinespring unitary dilation. This is not a canonical quantiza­
tion of the classical phase space; rather, it identifies the hybrid theory as a reduced open­system
description with an imposed restriction on accessible observables.

As a complementary illustration, we consider a qubit interacting with a classical particle
and demonstrate that the corresponding hybrid system violates angular momentum conser­
vation despite rotational symmetry of the underlying equations of motion. This provides an
explicit example of a fully closed, rotationally invariant classical­quantum system with com­
pletely positive dynamics that violates a conservation law. The results show that completely
positive classical­quantum gravity can be embedded naturally within the framework of open
quantum systems, while also demonstrating that formal consistency and symmetry alone do
not guarantee the conservation laws expected of a closed physical theory.
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We probe Andreev reflection at an s­wave superconductor / three­dimensional Topological
Insulator interface, a mesoscopic platform for proximity­induced unconventional pairing on
spin­momentum­locked surface states [1,2]. Sputter­stress­engineered Nb survives multi­step
lithography on MBE­grown Bi2Se3 while preserving bulk Nb superconductivity, yielding ver­
tical four­probe Nb/Bi2Se3 junctions. The R­T shows the bulk Nb transition near 7.5 K and
a lower­temperature crossover near 5.8 K below which the dI/dV spectra develop strongly
enhanced Andreev­reflection features; we interpret this enhancement as the vertical transport
path turning into a single effective coherent Andreev channel. A modified­BTK analysis of
this regime yields an interface barrier Z < 0.5, indicating a clean, highly transparent Nb/Bi2Se3
interface enabled by stress­controlled, in­situ growth of the Nb layer.

This work was supported by K­CHIPS(Korea Collaborative & High­tech Initiative for
Prospective Semiconductor Research)(No. 2410017748, RS­2025­02310372, and 25068­15FC)
funded by the Ministry of Trade, Industry & Energy (MOTIE, Korea).
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Based on the approach to quantization of Cetto’s et al. [1­4], we develop a relativistic extension
of stochastic electrodynamics. The proposed framework reproduces the relativistic quantum
theory in appropriate limits and enables the systematic study of quantum phenomena of rela­
tivistic origin. Our formulation is based on the Lorentz­covariant, canonical description of the
particle­field system provided by the multisymplectic Hamiltonian formalism [5­7] and relies
on a generalized Poisson bracket that yields a unified description of the system [8]. We show
that in the stationary regime the particle’s canonical variables can be expressed as a Fourier ex­
pansion in terms of the field’s normal modes, rendering the particle dynamics fully driven by
the field. This assigns a new kinematic meaning to the associated Poisson bracket, forming the
basis of our relativistic generalization of stochastic electrodynamics [9]. The results suggest
a physical basis for the replacement of phase­space functions by operators in quantum theory
and contribute toward a Lorentz­covariant formulation of canonical quantization.

[1] Cetto, A. M., de la Peña, L., Valdés­Hernández, A.: On the physical origin of the quantum
operator formalism. Quantum Stud.: Math. Found. 8, 229 (2021)

[2] Cetto, A. M., de la Peña, L.: Role of the Electromagnetic Vacuum in the Transition from
Classical to Quantum Mechanics. Found. Phys. 52, 84 (2022)

[3] Cetto, A. M., de la Peña, L.: The Electromagnetic Vacuum Field as an Essential Hidden
Ingredient of the Quantum­Mechanical Ontology. Entropy 24, 1717 (2022)

[4] Cetto, A. M., de la Peña, L., Pérez­Barragán, J. F.: Revisiting canonical quantization of
radiation: the role of the vacuum field. Eur. Phys. J. Spec. Top. 232, 3339 (2023)

[5] Marsden, J. E., Montgomery, R., Morrison, P. J., Thompson, W. B.: Covariant Poisson
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The Landau­Lisfhitz­Gilbert (LLG) equation has been the cornerstone of modeling the dynam­
ics of localized spins, viewed as classical vectors of fixed length, within nonequilibrium mag­
nets. When light is employed as the nonequilibrium drive, the LLG equation must be supple­
mented with additional terms that are usually conjectured using phenomenological arguments
for direct opto­magnetic coupling between localized spins and (real or effective) magnetic field
of light. However, direct coupling of magnetic field to spins is 1/c smaller than coupling of
light and electrons; or both magnetic and electric fields are too fast for slow classical spins to be
able to follow them. Here, we displace the need for phenomenological arguments by rigorously
deriving an extended LLG equation via Schwinger­Keldysh field theory (SKFT). Within such
a theory, light interacts with itinerant electrons, and then spin current carried by them exerts
spin­transfer torque onto localized spins, so that when photoexcited electrons are integrated
out we arrive at a spin­only equation. Unlike the standard phenomenological LLG equation
with local­in­time Gilbert damping, our extended one contains a non­Markovian memory ker­
nel whose plot within the plane of its two times arguments exhibits fractal properties. By
applying the SKFT­derived extended LLG equation, as our central result, to a light­driven fer­
romagnet as an example, we predict an optically induced magnetic inertia term. Its magnitude
is governed by a spatially nonlocal and time­dependent prefactor, leading to the excitation of
coherent magnons at sharp frequencies in and outside of the band of incoherent (or thermal)
magnons.

This workwas supported by theUSDepartment of Energy (DOE)Grant No. DE­SC0026068.
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Hanbury Brown­Twiss Interferomter in ν=2/5 Fractional Quantum Hall
Effect

Ryotaro Sano1, Fumihiro Murabayashi1, Daigo Ichikawa1, Thibaut Jonckheere2, Jerome
Rech2, Thierry Martin2, Masayuki Hashisaka1, and Takeo Kato1

1Institute for Solid State Physics, The University of Tokyo, Kashiwa 277­8581, Japan
2Aix Marseille Univ, Universite de Toulon, CNRS, CPT, Marseille, France

The fractional quantum Hall effect (FQHE) provides one of the most celebrated arenas for
emergent quasiparticles with fractional charge and anyonic exchange statistics, whose direct
detection remains experimentally challenging [2­4]. In conventional Fabry­Pérot and Mach­
Zehnder interferometers, single­particle Aharonov­Bohmphases are generallymixedwith charge,
statistical, and edge­structure effects, obscuring a direct extraction of the statistical angle.

An alternative approach is provided by two‑particle interferometry, pioneered in meso­
scopic conductors through Hanbury Brown­Twiss (HBT) experiments [5]. Campagnano et al.
[6] have proposed an anyonic HBT interferometer for a single‑mode edge, showing that the
cross‑correlation of currents can reveal the fractional nature of the tunneling excitations even
when single‑particle coherence is suppressed. However, the HBT concept has not yet been
extended to hierarchical states with multiple co‑propagating edge modes. A similar design
principle was adopted in MZ setups for the ν = 2/5 Jain state [7]. Extending the HBT geom­
etry to such hierarchical edges thus opens a new route to probing the properties of fractional
quasiparticles in multi­mode edge systems.

Motivated by these considerations, we propose a Hanbury Brown­Twiss interferometer
built on a ν = 2/5 fractional quantum Hall edge [8]. In contrast to previous FP/MZ schemes,
the flux­dependent signal in our geometry arises purely from two‑particle interference pro­
cesses involving tunneling at all four QPCs. We derive an analytic expression for the flux­
dependent cross­correlation of the drain currents.

This work was supported by JSPS KAKENHI for Grants, JST ASPIRE. This work was also
supported by Hirose Foundation, JST SPRING, and MERIT, the University of Tokyo.
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Finite­Size Bosonization of the Fractional Quantum Hall Edge: Optical
Response of an Isolated Ring and DC Transport through an Antidot
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277­8581, Japan

Fractional quantum Hall (FQH) edge states are a prototypical realization of chiral Luttinger
liquids, and their low­energy dynamics are commonly described within bosonization theory
[1­3]. While this framework has been highly successful for extended edges, many experimen­
tally relevant systems involve mesoscopic geometries, such as ring­shaped edges and antidot
structures, in which finite circumference, compactness, and zeromodes become essential to ob­
servable quantities. In particular, isolated ring geometries provide a natural setting for studying
the optical response of a finite FQH edge [4,5], while antidot devices offer a controlled plat­
form in which charging effects, enclosed magnetic flux, discrete edge excitations, and anyon­
related phase effects may influence measurable transport characteristics [6­9]. A theoretical
framework that consistently incorporates such finite­size effects as well as finite­temperature
effects is therefore important for connecting effective edge theory with measurable signatures
in confined FQH systems.

In this work, we develop a finite­size bosonization framework for the fractional quantum
Hall edge at finite temperatures. In contrast to the standard treatment for an infinitely extended
edge, a finite geometry requires a careful treatment of compactification and zero modes, which
play a central role in mesoscopic observables. By expressing finite­size and finite­temperature
contributions exactly in terms of Jacobi theta functions, our formulation provides a unified
low­energy description of edge excitations in closed geometries and allows both linear and
nonlinear optical responses, as well as transport observables, to be evaluated in closed analytic
form.

Using this approach, we study the optical response of an isolated ring, including both the
linear electrical polarization susceptibility and the nonlinear optical response, and analyze how
the discrete mode structure of the finite edge appears in these observables. For the isolated
ring, we find that while the linear optical response exhibits peak shifts reflecting quasipar­
ticle tunneling, the nonlinear optical response is nonzero only in the presence of tunneling,
thereby isolating the tunneling­induced contribution. The combination of these two responses
is expected to provide a route to extracting the anyonic statistics of fractional quantum Hall
quasiparticles. For the antidot geometry, we demonstrate that the crossover from Coulomb­
blockade­dominated sequential tunneling to coherent resonant tunneling and cotunneling can
be systematically controlled by tuning the antidot size.
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We present a fully autonomous model of a mechanical Maxwell demon engine that converts
heat absorbed by a qubit into population inversion in an attached quantum battery. A damped
mechanical oscillator acts as a pointer that incorporates the essential demon function of in­
formation acquisition about the qubit state and subsequent feedback into the system dynam­
ics, replacing external measurements and control operations. This is achieved by means of
a Holstein­type Hamiltonian, which makes the pointer’s equilibrium position depend on the
qubit state and thereby induces a state­dependent resonance shift. The mechanism enables a
selective energy transfer to an attached spin system that acts as the quantum battery. We de­
rive both local and global Lindblad master equations for the coupled system and identify the
parameter regimes in which the engine operates efficiently. The figure of merit is the resulting
steady­state population inversion of the battery, quantified in terms of ergotropy. Based on
these results, we discuss the necessary conditions for practical implementations of the demon
engine on realistic experimental platforms.
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Recurrence in Quantum Stochastic Walks
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Interplay between quantum interference and classical randomness can enhance performance
of various quantum information tasks. We analyze recurrence phenomena in the discrete­time
quantum stochastic walk on a line, which is a quantum stochastic process that interpolates
between quantum and classical walk dynamics [1]. Surprisingly, we find that introducing clas­
sical randomness can reduce the recurrence probability — despite the fact that the classical
random walk returns with certainty — and we identify the conditions under which this in­
triguing phenomenon occurs [2]. Numerical evaluation of the first­return generating function
[3] allows us to investigate the asymptotics of the return probability as the step number ap­
proaches infinity. This provides strong evidence that the suppression of recurrence probability
is not a transient effect but a robust feature of the underlying quantum­classical interplay in
the asymptotic limit. Our results show that for certain tasks discrete­time quantum stochastic
walks outperform both classical random walks and unitary quantum walks.

This work was supported by the Grant Agency of the Czech Republic GAČR under Grant
No. 23­07169S.
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Maximum­Likelihood Quantum Tomography beyond Petz Recovery
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The Petz recovery map is a leading candidate for a quantum analogue of Bayes’ theorem, pro­
viding a generalized reversal of noninvertible quantum channels. In the classical setting, Jacobs
showed that the Bayes­Jeffrey update always improves the prior by decreasing its divergence
from the observed distribution. We prove an analogous monotonicity result for quantum­to­
classical channels, a setting closely related to POVMmeasurements. This result leads naturally
to a fixed­point iterative algorithm for full quantum state tomography. For general quantum
channels, we show that the Petz recovery map requires a correction, and we propose a modified
update governed by the inverse Kubo­Mori operator.
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Thermal transport in the quantum coherent regime has attracted significant attention, particu­
larly in studies of various quantum heat engines [1,2] and measurement processes [3]. While
most heat carriers are bosonic excitations, purely electronic heat currents in the absence of
charge currents remain relatively unexplored. Theoretical studies have examined capacitively
coupled quantum dots (QDs), each tunnel­coupled to a reservoir in local thermal equilibrium
[4­7]. Most of these results can be understood without invoking quantum coherence.

In this work, we extend this model to investigate quantum effects on heat transport in a
capacitively coupled QD system. Our system consists of three QDs: two arranged in parallel,
each tunnel­coupled to a left reservoir, and a third QD tunnel­coupled to a right reservoir.
The left and right QDs are capacitively coupled without direct tunneling. We evaluate the
heat current using non­equilibrium Green’s functions with the equation­of­motion method as
a function of the temperature difference, for various values of the energy­level difference δ
between the two left QDs. The capacitive coupling energy between the left QDs and the right
QD is set to U.

If the two left QDs are closely spaced and their energy difference δ is smaller than the
level broadening Γ, indirect quantum coherence via the left reservoir can be established [8].
We phenomenologically characterize the strength of this coherence using a parameter α. This
coherence is suppressed by increasing δ or by introducing asymmetry in the capacitive coupling
energies to the right QD, which can be interpreted as an effective measurement of the left QDs
by the right QD.

This work was supported by JSPS KAKENHI Grant No. 23K03273, 25K24577.
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Ultrafast optical excitation of magnons in 2D antiferromagnetic
semiconductors via spin torque mediated by unbound electron­hole pairs

and excitons: Signatures in magnonic charge pumping

Jalil Varela­Manjarres, Yafei Ren, and Branislav K. Nikolic
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Recent experiments observing how femtosecond laser pulse (fsLP) excites magnons in two­
dimensional (2D) antiferromagnetic (AF) semiconductors—such as CrSBr, NiPS3, andMnPS3,
or their van der Waals heterostructures—suggest an important role played by excitons. How­
ever, microscopic details of such an effect remain obscure, as resonant coupling of magnons,
living in the sub­meV energy range, to excitons, living in the ∼ 1 eV range, can hardly be
operative. Here, we develop a quantum transport theory of this effect, in which the time­
dependent nonequilibriumGreen’s function (TDNEGF) for electrons driven by fsLP is coupled
self­consistently to the Landau­Lifshitz­Gilbert (LLG) equation describing classical dynamics
of localizedmagnetic moments (LMMs) residing onmagnetic atoms of 2DAF semiconductors.
This theory explains how fsLP, of central frequency above the semiconductor gap, generates
a photocurrent that becomes spin­polarized due to the background of LMMs, which, in turn,
exerts spin­transfer torque (STT) onto LMMs as a genuinely nonequilibrium spintronic mech­
anism. By analyzing the collective motion of LMMs via the windowed Fast Fourier transform
(FFT), we extract frequencies of excited magnons, as well as their lifetime governed by nonlo­
cal damping with the LLG equation due to (explicitly included via TDNEGF) electronic bath.
The TDNEGF part of the loop can also include excitons, which is achieved in the present study
by utilizing the off­diagonal elements of the nonequilibrium density matrix as the mean­field
treatment of Coulomb­binding of electron­hole pairs into excitons. Finally, our theory makes
it possible to predict that excited magnons will pump time­dependent charge currents into the
attached electrodes, or locally within the 2D AF semiconductor, thereby emitting electromag­
netic radiation. The windowed FFT of these two signals contains imprints of excited magnons,
as well as the possible presence of excitons, which could be exploited as a novel probe in future
experiments.

We thank Y. J. Bae for immensely valuable insights regarding published and unpublished
experimental data. J. V.­M. and Y. R. were supported by the University of Delaware (UD) Re­
search Foundation Strategic Initiative Award. Y. R. was also supported by the US National
Science Foundation (NSF) through the UD Materials Research Science and Engineering Cen­
ter (MRSEC), DMR­2011824. B. K. N. was supported by the US Department of Energy (DOE)
Grant No. DE­SC0026068.
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Conference Site Buildings

Pyramida Hotel

Pyramida Hotel was built in 1980 in the neo­functionalist style with an interesting star­like
ground plan and pyramid­like outer shape. Last renovation of the hotel took place in 2021­
2022 and in 2025. 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 (Commander­in­Chief 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 astronomical­astrological 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
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 brick­kiln 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
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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 ‘Wallenstein Palace and
St.Nicholas Church’.
Special tram will depart from the Pyramida Hotel to the Malostranská station on Monday
afternoon to facilitate FQMT’26 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
30­40 minutes of a nice walk ­ see maps ‘Pyramida Hotel ­ access and nearest neighborhood’
and ‘Wallenstein Palace and St.Nicholas Church’.

St. Nicholas Church

The St. Nicholas Church (chrám svatého Mikuláše) is located in Prague’s Lesser Town at the
Lesser Town Square. This church is the most famous Baroque church in Prague and belongs
to the most valuable Baroque buildings north of the Alps. Its was designed by members of the
famous family of Baroque architects, Dientzenhofer, mostly in the first half of 18th century.
High­Baroque facade of the church exhibits strong dynamic effect dominated by alternating
concave and convex forms. The interior of the church has impressive dimensions: the dome
diameter is 20meters while the interior height, measured to the top of the lantern, reaches nearly
57 meters; it is the tallest interior in Prague. At the same time, the interior ranks the second in
Prague, just behind St. Vitus Cathedral, in terms of the most beautiful sacral architecture.

The St. Nicholas Church features two historical organs, the great organ in the main gallery and
a smaller one in the side gallery. The great organ was built between 1745 and 1747 and was
played, among others, by W.A. Mozart during his stays in Prague. The organ has been recently
restored; the FQMT’26 participants will listen one of the first concerts on this instrument after
its restoration.

How to get there:
The St. Nicholas Church is situated in the Prague Lesser Town (Malá Strana) and its entrance
can be reached from the west part of the Lesser Town Square (Malostranské náměstí, see also
map Wallenstein Palace and St. Nicholas Church). Warning! Do not confuse this church with
the church of the same name located on the Old Town Square.

On Wednesday, a special tram will depart from the Pyramida Hotel to a suitable tram stop to
facilitate FQMT’26 participants transfer. The church can also be reached from the Pyramida
Hotel by regular public transport, namely, tram No 22 or 23 to the Malostranské náměstí stop
(don’t be confused by the similar name of the Malostranská stop ­ Malostranské náměstí is the
following stop). From the tram stop, head in the direction the tram was going and turn right
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twice; you will reach the entrance to St. Nicholas Church within 3 minutes.

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 Pre­Romanesque
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
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’26 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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