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Preface

FQMT’21 is a follow-up to the seven previous, successful Prague conferences “Frontiers
of Quantum and Mesoscopic Thermodynamics” (FQMT’04, FQMT’08, FQMT’11, FQMT’13,
FQMT’15, FQMT’17, and FQMT’19). For the details of their programs and the history of
the FQMT conferences see the www pages https://fqmt.fzu.cz/. The contributions from the
previous conferences have been published in Physica E (vol. 29, issues 1-2, 2005, and vol.
42, issue 3, 2010), Physica Scripta (vol. T151, 2012), Fortschritte der Physik (Progress of
Physics, vol. 65, issue 6-8, 2017), and European Physical Journal-Special Topics (vols. 227,
issue 15-16, 2019 and 230, issue 4, 2021).

Due to the well known circumstances, the FQMT’21 is the first fully virtual (online)
FQMT conference, which, of course, can only partly replace the originally planned in per-
son conference. Thus we hope the FQMT’22 conference will be possible to be held in Prague
as an in-person conference in the summer 2022.

The present (FQMT’21) conference will be focused on a better understanding of the be-
havior of quantum systems out of equilibrium. To reach this aim we also need to improve
our understanding of foundations of quantum physics, quantum many body physics, statis-
tical physics, and thermodynamics relying on the theoretical and experimental methods of
condensed matter physics and quantum optics. The systems considered will be mainly on
the order of mesoscopic (nanoscale) size, and include those of both natural and artificial ori-
gin. Special attention will be given to non-equilibrium quantum systems, physics of quantum
information and manifestation of quantum effects in biological systems. Subjects from astro-
physics, gravitation or cosmology related to the above scope will also be included.

Following the tradition of the FQMT conferences, FQMT’21 will attempt to bring to-
gether, even under the extraordinary conditions of the pandemic, a unique combination of both
young and experienced scientists across a disciplinary spectrum covering the above mentioned
topics. The interdisciplinary character of the conference will be supported by the choice of
key speakers who, apart from their specializations, are not only able to report specific results
within their fields, but are also able to 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 foun-
dations of quantum physics, many body physics, quantum statistical physics of systems far
from equilibrium, the physics of nanoscale and biological systems, and further, will motivate
new collaboration and intensive discussions between experts from differing fields of physics,
chemistry, and biology.

Thus, as in the foregoing FQMT conferences, the aim of FQMT’21 is to create a bridge



between the fields of non-equilibrium statistical physics, quantum many body physics, foun-
dations of quantum physics, quantum thermodynamics, quantum optics, physics of quantum
information, astrophysics, condensed matter physics, physics of mesoscopic systems, chemi-
cal physics and biophysics.

In keeping with the multidisciplinary character of the scientific program and the tradition
of the previous FQMT conferences, the FQMT’21 program will feature two online concerts
of classical music performed by world-class musicians. The first concert will be played in
Václav Trojan’s studio on piano of his father, a legendary Czech composer Václav Trojan, the
second one will be held at an outstanding venue, St. Vitus Cathedral of the Prague Castle. We
believe that both online and in-place (Czech and several foreign participants in the case of the
concert from the cathedral) will enjoy these exceptional events.

Dear colleague, we welcome you to the FQMT’21 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’21
Dr. Václav Špička
Institute of Physics, Czech Academy of Sciences
Cukrovarnická 10, CZ-162 00 Praha 6, Czech Republic
E-mail: fqmt21@fzu.cz
Phone: (+420) 220 318 446
Mobile: +420 777 326 724
WWW: https://fqmt.fzu.cz/21

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

Conference site
Online conference management and informal discussion meeting will take place at:
Pyramida Hotel
address: Bělohorská 24, Praha 6, phone: +420 233 102 111

Conference sessions
All conference sessions will be held online. See the conference program for details.

Social events
In keeping with the multidisciplinary character of the scientific program, the cultural richness
of the city of Prague and the tradition of the previous FQMT conferences, the FQMT’21
program will feature two concerts performed by world-class musicians. While the first concert
will take place in a private studio the other one will be held at the outstanding venue of the
city, the Gothic Cathedral of St. Vitus at Prague Castle (one of the symbols of the Czech
Lands). Both concerts will be transmitted on the internet.

• Classical and jazz-inspired music concert will take place at Václav Trojan’s studio, on
Tuesday July 20, 20:00 of Prague time (UTC+2).

• Classical music concert will take place at the St. Vitus Cathedral, Prague Castle, on
Thursday July 22, 19:30 of Prague time (UTC+2).
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PROGRAM
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Thursday, 15 July 2021

13:00 – 18:00 Session for testing zoom connections
13:00 – 14:00 Testing period for speakers from Australia and Far East
14:00 – 16:00 Testing period for speakers from Europe, Middle East and Africa
16:00 – 18:00 Testing period for speakers from America
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Friday, 16 July 2021

13:00 – 18:00 Session for testing zoom connections
13:00 – 14:00 Testing period for speakers from Australia and Far East
14:00 – 16:00 Testing period for speakers from Europe, Middle East and Africa
16:00 – 18:00 Testing period for speakers from America

Sunday, 18 July 2021

13:00 – 16:00 Final testing

8



Monday, 19 July 2021

08:00 – 08:30 Opening addresses
Location: Virtual Zoom Session
(chairperson: Václav Špička)

08:30 – 10:30 1 session: Quantum optics
Location: Virtual Zoom Session
(chairperson: Andrew Armour)

08:30 – 09:00 Franco Nori: Quantum Nonlinear Optics without Pho-
tons, how to excite two or more atoms
simultaneously with a single photon,
and other unusual properties of ultra-
strongly-coupled QED systems

09:00 – 09:30 Howard M. Wiseman: The Heisenberg Limit to Laser Coherence
09:30 – 10:00 Warwick P Bowen: Absolute quantum advantage in light mi-

croscopy
10:00 – 10:30 Yuval Gefen: Measurement-Induced Quantum Steering

10:30 – 10:50 Break

10:50 – 13:10 2 session: Many body physics, Graphene
Location: Virtual Zoom Session
(chairperson: Amnon Aharony)

10:50 – 11:10 Efrat Shimshoni: Superconducting Dirac point in proxime-
tized graphene

11:10 – 11:30 Llorenç Serra: Scattering of topological kink-antikink
states in bilayer graphene

11:30 – 11:50 A. De Martino: Volkov-Pankratov states in topological
graphene nanoribbons

11:50 – 12:10 Folkert Kornelis de Vries: Superconducting devices in magic-angle
twisted bilayer graphene

12:10 – 12:30 David Sanchez: Andreev drag effect in Coulomb coupled
quantum dots

12:30 – 12:50 Moshe Schechter: On the nature of tunneling two-level sys-
tems in amorphous solids, and the mitiga-
tion of their deleterious effects in super-
conducting circuits
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12:50 – 13:10 Wolfgang Belzig: Higher-dimensional topology in multi-
terminal superconducting structures

13:10 – 14:00 Break

14:00 – 15:20 3 session: Quantum thermodynamics
Location: Virtual Zoom Session

(chairperson: Theo Nieuwenhuizen)

14:00 – 14:30 Jianshu Cao: Thermodynamics and Symmetry of
Driven Open Quantum Systems

14:30 – 15:00 Doron Cohen: Breakdown of quantum-to-classical cor-
respondence for diffusion in high temper-
ature thermal environment

15:00 – 15:20 Peter D. Keefe: Thermodynamics of Mesoscopic Super-
conductors

15:20 – 15:40 Break

15:40 – 17:10 4 session: Foundations of quantum physics
Location: Virtual Zoom Session

(chairperson: Doron Cohen)

15:40 – 16:10 Denis V. Vasilyev: Quantum Variational Optimization of
Ramsey Interferometry and Atomic
Clocks

16:10 – 16:30 Andrei Khrennikov: Getting rid of nonlocality from quantum
physics through Bohr’s complementarity

16:30 – 16:50 Arkady Plotnitsky: “The Observations Obtained under the
Specified Circumstances:” What quantum
measurement is, and what it is not.

16:50 – 17:10 Ehtibar Dzhafarov: Quantum contextuality: the most general
definition?

17:10 – 17:30 Break

17:30 – 19:30 5 session: Foundations of quantum physics
Location: Virtual Zoom Session

(chairperson: Arkady Plotnitsky)

17:30 – 18:00 Gerard ’t Hooft: Specific Models for Fast Hidden Vari-
ables, FreeWill, and all that
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18:00 – 18:30 Gregor Weihs: Multipath Interference Tests of Quantum
Mechanics

18:30 – 18:50 Denys I. Bondar: Decoherence-Free Entropic Gravity:
Model and Experimental Tests

18:50 – 19:10 Ana María Cetto: The physics behind quantum operators
19:10 – 19:30 Luis de la Peña: How fast is a quantum jump?
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Tuesday, 20 July 2021

08:30 – 10:20 1 session: Biophysics
Location: Virtual Zoom Session

(chairperson: Aneta Stefanovska)

08:30 – 09:00 Peter V. E. McClintock: Ionic Coulomb blockade and selectivity in
biological ion channels

09:00 – 09:30 Stefan Klumpp: Coarse-graining discrete stochastic mod-
els of biochemical systems

09:30 – 10:00 Michael Thorwart: Vibronic quantum coherence at ultralow
temperatures in photosynthetic protein
complexes

10:00 – 10:20 Yutaka Shikano: Quantum Nanodiamond Thermometry for
Biological System

10:20 – 10:40 Break

10:40 – 13:00 2 session: Hall effect, Thermodynamics
Location: Virtual Zoom Session

(chairperson: Ora Entin-Wohlman)

10:40 – 11:00 Jakub Spiechowicz: Quantum analogue of energy equiparti-
tion theorem

11:00 – 11:20 Konstantin Dorfman: Incoherent control of optical signals:
Quantum-heat-engine approach

11:20 – 11:40 Jiří J. Mareš: Hall Effect and the problem of "hidden
momentum"

11:40 – 12:00 Takafumi Kita: Charging and Thermal Hall Effect in Su-
perconductors

12:00 – 12:20 Konrad Viebahn: Thouless pumping in a Floquet-driven
lattice

12:20 – 12:40 Thibaut Jonckheere: Andreev reflection of fractional quantum
Hall quasiparticles

12:40 – 13:00 Jerome Rech: Negative Delta-T Noise in the Fractional
Quantum Hall Effect

13:00 – 14:00 Break
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14:00 – 15:20 3 session: Physics of quantum information
Location: Virtual Zoom Session

(chairperson: Elisabetta Paladino)

14:00 – 14:30 Steven Mark Girvin: Using Boson Sampling for Efficient Sim-
ulation of Molecular Spectra on a Small
Quantum Processor

14:30 – 15:00 James Freericks: Strategies for quantum chemistry on
a quantum computer using a factor-
ized form of the unitary coupled cluster
method

15:00 – 15:20 Sebastian Deffner: Energetic cost of Hamiltonian quantum
gates

15:20 – 15:40 Break

15:40 – 17:20 4 session: Nonequilibrium statistical physics
Location: Virtual Zoom Session
(chairperson: Andreas Wacker)

15:40 – 16:10 Michael Bonitz: Towards many-body quantum dynamics
based on fluctuations

16:10 – 16:40 Pawel Danielewicz: Dynamics of Correlated Systems with
Nonequilibrium Green’s Functions

16:40 – 17:00 Michael Galperin: A Green’s function perspective on the
nonequilibrium thermodynamics of open
quantum systems strongly coupled to
baths

17:00 – 17:20 Michael Ridley: Time-dependent electromagnetics of
molecular junctions

17:20 – 17:40 Break

17:40 – 19:20 5 session: Many body physics
Location: Virtual Zoom Session

(chairperson: Steven Girvin)

17:40 – 18:10 Harold U Baranger: Driven-Dissipative Phase Transition in a
Kerr Oscillator

18:10 – 18:40 Dietrich Belitz: Soft modes in Fermi liquids

13



18:40 – 19:00 Thomas Vojta: Collective modes at the superfluid - Mott
glass transition

19:00 – 19:20 Lorenza Viola: Manifestation of topology in metastable
driven-dissipative bosonic systems

19:20 – 20:00 Free time

20:00 – 20:45 Concert of classical and jazz inspired music
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Wednesday, 21 July 2021

08:30 – 10:30 1 session: Quantum Thermodynamics
Location: Virtual Zoom Session

(chairperson: Konstantin Dorfman)

08:30 – 09:00 Stephen M. Barnett: Thermofields for Quantum Thermody-
namics

09:00 – 09:30 Maciej Andrzej Lewen-
stein:

From Generalized Resource Theories
of Quantum Thermodynamics to Novel
Quantum Thermometry

09:30 – 10:00 Jens Eisert: Quantum field thermal machines
10:00 – 10:30 Gershon Kurizki: Unitary and Non-Unitary Few-Mode

Heat Machines

10:30 – 10:50 Break

10:50 – 12:50 2 session: Simulations
Location: Virtual Zoom Session

(chairperson: Francesco Petruccione)

10:50 – 11:10 Jürgen T. Stockburger: A novel quantum simulation method for
complex system-reservoir dynamics

11:10 – 11:30 Peter Schmitteckert: Cluster Embedding Schemes
11:30 – 11:50 Christian Kokail: Characterizing Quantum Many-Body

States via Entanglement Hamiltonian
Learning

11:50 – 12:10 Kareljan Schoutens: Kink dynamics and quantum simulation
of supersymmetric lattice Hamiltonians

12:10 – 12:30 Ilya Sinayskiy: Quantum Simulation of Markovian and
non-Markovian channel addition on
NISQ devices and in the Quantum Optics
Lab

12:30 – 12:50 Andreas Wacker: PERLind, a versatile approach to model
bath coupling in quantum kinetics

12:50 – 14:00 Break
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14:00 – 16:00 3 session: Poster Session
Location: Virtual Zoom Session

(chairperson: )

16:00 – 17:30 4 Session: Physics of superfluids
(chairperson: Peter McClintock)

16:00 – 16:30 Fernando Sols: Superfluidity from correlations.
16:30 – 17:00 Stephanie M Reimann: Effects beyond mean-field in bosonic

quantum systems
17:00 – 17:30 Yoram Alhassid: The thermodynamics of the strongly in-

teracting cold atomic Fermi gas in the
crossover from BEC to BCS

17:30 – 17:50 Break

17:50 – 19:20 5 session: Physics of superfluids
Location: Virtual Zoom Session

(chairperson: Stephanie Reimann)

17:50 – 18:20 Aneta Stefanovska: Non-Equilibrium Oscillatory Dynamics
of Electrons on the Surface of Liquid He-
lium

18:20 – 18:50 Vanderlei Salvador Bag-
nato:

Quantum Turbulence in atomic super-
fluid: characteristics and presence of uni-
versality

18:50 – 19:20 Ernst M. Rasel: Quantum gases in free-fall
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Thursday, 22 July 2021

08:30 – 10:20 1 Session: Nonequlibrium statistical physics
Location: Virtual Zoom Session
(chairperson: Giuseppe Falci)

08:30 – 09:00 Thomas Gasenzer: Universal dynamics far from equilibrium
09:00 – 09:30 Francesco Petruccione: Open quantum systems on quantum com-

puters
09:30 – 10:00 Mikko Möttönen: Experiments on open quantum systems

made of superconducting qubits with tun-
able coupling to their environment

10:00 – 10:20 Carles Altimiras: Experimental test of Kubo relation in a
non-linear quantum conductor driven out
of equilibrium

10:20 – 10:40 Break

10:40 – 12:40 2 Session: Quantum liquids, Casimir force
Location: Virtual Zoom Session
(chairperson: Fernando Sols)

10:40 – 11:00 Bryan J Dalton: Discrete Time Crystals in Ultracold
Quantum Gases

11:00 – 11:20 Neill Lambert: Pseudo-modes for bosons and fermions
11:20 – 11:40 Kensuke Kobayashi: Three-body correlations in nonlinear re-

sponse of correlated quantum liquid
11:40 – 12:00 Gergely Zaránd: Quantum work statistics in chaotic and

disordered Fermi liquids
12:00 – 12:20 Yigal Meir: Measuring entropies of exotic quasi-

particles?
12:20 – 12:40 Mauro Antezza: Casimir torque and force on gratings

12:40 – 13:30 Break
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13:30 – 15:00 3 Session: Biophysics
Location: Virtual Zoom Session
(chairperson: Stefan Klumpp)

13:30 – 14:00 Felix Ritort: Information-to-measurement conversion
in DNA pulling experiments with feed-
back: from protocols to strategies

14:00 – 14:20 Saar Rahav: Uncertainty relation for enzymes, reset-
ting systems, and other processes with ir-
reversible transitions

14:20 – 14:40 Alexandre Zagoskin: Quantum entanglement of living organ-
isms

14:40 – 15:00 Philip Hemmer: Biosensing applications of quantum emit-
ters in diamond and phosphors

15:00 – 15:20 Break

15:20 – 16:30 4 Session: General physics
Location: Virtual Zoom Session

(chairperson: Peter Keefe)

15:20 – 15:50 Georgi Gary Rozenman: Gravitational and Quantum Mechanical
Phenomena in Surface Gravity Water
Waves

15:50 – 16:20 Kimball A. Milton: Negative Casimir Entropies and their Im-
plications

16:20 – 16:40 Roland E Allen: Predictions of a fundamental statistical
picture, including experimental signa-
tures of a new dark matter WIMP

16:40 – 17:00 Theo M. Nieuwenhuizen: The interior of astrophysical black holes

17:00 – 17:20 Break

17:20 – 18:50 5 Session: Quantum Optics
Location: Virtual Zoom Session
(chairperson: Frank Narducci)

17:20 – 17:50 Hui Cao: Controlling nonlinear dynamics of com-
plex lasers

17:50 – 18:20 A. Douglas Stone: Reflectionless Excitation of Arbitrary
Photonic Structures: A General Theory

18:20 – 18:50 Mark Dykman: Resonant time-symmetry breaking in cou-
pled oscillators
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18:50 – 19:30 Free time

19:30 – 21:00 Concert of classical music
Location: Prague Castle - St. Vitus Cathedral and live on internet
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Friday, 23 July 2021

08:30 – 10:20 1 Session: Many body physics, Spins
Location: Virtual Zoom Session

(chairperson: Yuval Gefen)

08:30 – 09:00 Amnon Aharony: Breaking Time-Reversal Symmetry and
Spin Selection in chiral molecules

09:00 – 09:30 Ora Entin-Wohlman: Magnetization generated by microwave-
induced Rashba interaction

09:30 – 10:00 E.K.U. Gross: Non-adiabatic Berry connection, the
mediator of energy, momentum, and
angular-momentum transfer between
electrons and nuclei

10:00 – 10:20 Yasuhiro Utsumi: Spin selectivity through time-reversal
symmetric helical junctions

10:20 – 10:40 Break

10:40 – 13:00 2 Session: Quantum thermodynamics
Location: Virtual Zoom Session

(chairperson: Jürgen Stockburger)

10:40 – 11:00 Alexia Auffèves: Two-qubit engine fueled by entanglement
and local measurements

11:00 – 11:20 Eric Lutz: Experimental verification of a reversed
Clausius inequality in a closed system

11:20 – 11:40 Marti Perarnau-Llobet: Optimal cycles for finite-time Carnot en-
gines

11:40 – 12:00 Rafael Sánchez: Interference-induced extrinsic thermo-
electrics

12:00 – 12:20 Artur Widera: Quantum probes and quantum engines re-
alized via individual impurities immersed
in an ultracold bath.

12:20 – 12:40 Giuseppe Falci: Quantum operations in ultrastrongly cou-
pled quantum networks

12:40 – 13:00 Elisabetta Paladino: Thermal rectification through a nonlinear
quantum resonator

13:00 – 14:00 Break
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14:00 – 15:30 3 Session: Quantum optics
Location: Virtual Zoom Session
(chairperson: Douglas Stone)

14:00 – 14:30 Olga Kocharovskaya: Quantum optics with ultra-narrow nu-
clear resonances

14:30 – 14:50 Norbert Kroo: Plasmon assisted Cooper pair formation
at room temperature

14:50 – 15:10 Yuri Rostovtsev: Quantum control and coherence in 2D
materials

15:10 – 15:30 Anil Patnaik: Dispersion of a Single Atom Experienced
by Single Photon

15:30 – 15:50 Break

15:50 – 17:20 4 session: Quantum optics, Nonequilibrium statistical physics
Location: Virtual Zoom Session

(chairperson: Anil Patnaik)

15:50 – 16:20 Andrew Armour: Complex Resonances in Josephson Pho-
tonics

16:20 – 16:40 Frank A Narducci: On the way to a demonstration of a T-
cubed atom interferometer

16:40 – 17:00 Radim Filip: Highly non-Gaussian quantum physics
17:00 – 17:20 Lea F Santos: Speck of chaos

17:20 – 17:40 Break

17:40 – 19:00 5 Session: Many body systems
Location: Virtual Zoom Session
(chairperson: Andrew Armour)

17:40 – 18:10 Joseph Maciejko: Hyperbolic band theory
18:10 – 18:40 Tamar Seideman: Quantum Rotational Coherences in Com-

plex Media
18:40 – 19:00 Avik Ghosh: Exploiting topology and strong interac-

tions in electronics

19:00 – 19:30 Closing Remarks
Location: Virtual Zoom Session
(chairperson: Václav Špička)
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Fri, 23 July, 8:30 - 9:00, 1 Session T1
Breaking Time-Reversal Symmetry and Spin Selection in chiral

molecules

Amnon Aharony1, Ora Entin-Wohlman1, and Yasuhiro Utsumi2

1Tel Aviv University, School of Physics and Astronomy, Tel Aviv 6997801, Israel
2Mie University, 1577, Kurimamachiya-cho, Tsu, 514-8507, Japan

Many recent experiments discovered chiral-induced spin selectivity (CISS): electrons scat-
tered by helical organic molecules become spin-polarized. The theoretical explanation of this
phenomenon is still under debate. Many theories start with spin-orbit interactions (SOIs) on
the molecule, but the SOI preserves time-reversal symmetry, and therefore implies no spin
selectivity in the linear conductance when the molecule connects two single channel termi-
nals (Bardarson’s theorem). Here we model the molecule by a tight-binding Hamiltonian,
with a Rashba SOI along the helix and additional hopping in the direction of the helix axis,
and present several ways to overcome the theorem and achieve CISS: allowing leakage from
the molecular ions, adding a third terminal, adding magnetic fields, adding time-dependent
potentials, adding more orbital states on the molecule, and various non-linear effects. [1] All
of these yield CISS, so we are still far from having a unique explanation. Recent alternative
theories will be criticized. [2]

[1] Many relevant references are included in Y. Utsumi, O. Entin-Wohlman, and A. Aharony,
Spin selectivity through time-reversal symmetric helical junctions, Phys. Rev. B 102,
035445 (2020) - Editors’ suggestion; (arXiv:2005.04041).

[2] O. Enrin-Wohlman, A. Aharony, and Y. Utsumi, Comment on: "Spin-orbit interaction and
spin selectivity for tunneling electron transfer in DNA", Phys. Rev. B 103, 077401 (2021);
(arXiv:2007.11238).
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T2 Wed, 21 July, 17:00 - 17:30, 4 Session

The thermodynamics of the strongly interacting cold atomic Fermi gas in
the crossover from BEC to BCS

Yoram Alhassid1, Scott Jensen2, Shasta Ramachandran1, and Christopher N Gilbreth3

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

2Department of Physics, University of Illinois, Urbana, Illinois 61801, USA
3Honeywell Quantum Solutions, Broomfield, Colorado 80021, USA

Cold atomic Fermi gases provide a clean and well-defined paradigm of strongly interacting
Fermi systems and have attracted much interest across diverse subfields of physics. They have
also been the subject of intensive experimental studies in recent years.

We investigate the thermodynamics of the crossover between the Bose-Einstein conden-
sate (BEC) and the Bardeen-Cooper-Schrieffer (BCS) limits in the two-species Fermi gas with
attractive contact interaction in three (3D) and two (2D) spatial dimensions. In 3D we focus on
the unitary limit of strongest interaction [1,2], while in 2D we consider the strongly interact-
ing regime in the crossover [3]. The system undergoes a phase transition to a superfluid below
a critical temperature but in 2D the transition is of the Berezinskii-Kosterlitz-Thouless type.
We use auxiliary-field quantum Monte Carlo (AFMC) methods in the canonical ensemble on
a discrete lattice and extrapolate to the continuum limit [2].

We study the superfluid phase transition and, in particular, the extent of a pseudogap
regime, in which pairing correlations exist above the critical temperature for superfluidity.
To this end, we calculate several observables including the condensate fraction and a model-
independent pairing gap. We also calculate the contact which measures the pair correlation
at short distances and is a fundamental property of quantum many-body systems with short-
range correlations. We observe a rapid increase in the contact as the temperature decreases
below the critical temperature for superfluidity in both 3D [2] and 2D [3]. The calculation
of the contact has been a major challenge with many theories using uncontrolled approxima-
tions that lead to widely different results. Our results for the 3D unitary gas are in excellent
agreement with recent precision experiments by two leading experimental groups [5].

Finally, we calculate the spin susceptibility and determine a spin gap temperature below
which the spin susceptibility is suppressed due to pairing correlations.

[1] S. Jensen, C. N. Gilbreth, and Y. Alhassid, Phys. Rev. Lett. 124, 090604 (2020).

[2] S. Jensen, C. N. Gilbreth, and Y. Alhassid, Phys. Rev. Lett. 125, 043402 (2020).

[3] S. Ramachandran, S. Jensen, and Y. Alhassid, to be published (2021).

[4] C. Carcy et al, Phys. Rev. Lett. 122, 203401 (2019); B. Mukherjee et al, Phys. Rev. Lett.
122, 203402 (2019).
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Thu, 22 July, 16:20 - 16:40, 4 Session T3
Predictions of a fundamental statistical picture, including experimental

signatures of a new dark matter WIMP

Roland E Allen

Texas A&M University, Department of Physics and Astronomy, Mail Stop 4242, College
Station, USA

As explained in detail in an updated and enhanced version of a previous paper [1], the simplest
imaginable statistical picture ultimately leads to standard physics (with the Standard Model
supplemented by SO(10) grand unification, supersymmetry, and Einstein gravity) plus addi-
tional predictions. One prediction is a dark matter particle which is consistent with current
experiment and observation, which can be detected in underground and collider experiments
which are currently being planned, and which may already have been detected in space-based
experiments [2].

[1] Roland E. Allen, "Predictions of a fundamental statistical picture", arXiv:1101.0586 [hep-
th].

[2] Reagan Thornberry, Maxwell Throm, Gabriel Frohaug, John Killough, Dylan Blend, Michael
Erickson, Brian Sun, Brett Bays, and Roland E. Allen, "Experimental signatures of a new
dark matter WIMP", EPL [European Physics Letters], in press, arXiv:2104.11715 [hep-
ph].
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T4 Thu, 22 July, 10:00 - 10:20, 1 Session

Experimental test of Kubo relation in a non-linear quantum conductor
driven out of equilibrium

Zubair Iftikhar, Müller Jonas, Philippe Joyez, Patrice Roche, and Carles Altimiras

Service de Physique de l’Etat Condensé (SPEC), Université Paris-Saclay, CEA, CNRS,
Bâtiment 772, L’Orme des Merisier, 91191 Gif-sur-Yvette, France

We demonstrate a protocol giving acces to both non-symmetrized emission and absorption
current noises of a non-linear quantum conductor from measuring the power it exchanges with
its surrounding circuit. Combined with a linear response measurement, we test experimentally
Kubo relation equating the difference between the absorption and emission current noises to
the dissipative part of the conductor’s admittance. Finally we argue that, within a quantum
description of the current source detection scheme used in the experiment, Kubo relation
should be understood as a quantum theorem for Joule effect.
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Thu, 22 July, 12:20 - 12:40, 2 Session T5
Casimir torque and force on gratings

Mauro Antezza

Laboratoire Charles Coulomb, Université Montpellier UMR5221, Place Eugène Bataillon -
cc 074, Montpellier, 34095, France

We will discuss recent results: (i) on the Casimir torque between two metallic one-dimensional
gratings rotated by an angle θ with respect to each other [1]; and (ii) on the Casimir force oc-
curring between interpenetrating gratings [2]. These findings pave the way to the design of a
contactless quantum vacuum torsional spring, and sensors with possible relevance to micro-
and nanomechanical devices.

[1] Mauro Antezza, H. B. Chan, Brahim Guizal, V.N. Marachevsky, Riccardo Messina, Mingkang
Wang, Phys. Rev. Lett. 124 (2020) 013903.

[2] Mingkang Wang, L. Tang, C.Y. Ng, Riccardo Messina, Brahim Guizal, J. A. Crosse,
Mauro Antezza, C.T. Chan, H.B. Chan, Nature Communication 12 (2021) 600.
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T6 Fri, 23 July, 15:50 - 16:20, 4 session

Complex Resonances in Josephson Photonics

Ben Lang and Andrew Armour

University of Nottingham, University Park, Nottingham, United Kingdom

We explore theoretically the dissipative dynamics of nonlinearly driven oscillator systems
tuned to resonances where multiple excitations are generated. Such systems are readily re-
alised in circuit QED systems combining Josephson junctions with a microwave cavity and a
drive achieved either through flux or voltage bias. For resonances involving 3 or more pho-
tons the system undergoes a sequence of two closely spaced dynamical transitions (the first
one discontinuous and the second continuous) as the driving is increased leading to steady
states that form complex periodic structures in phase space. In the vicinity of the transitions
the system displays interesting bistable behaviour: we find that coherent effects can lead to
surprising oscillations in the weight of the different dynamical states in the steady state of the
system with increasing drive.
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Fri, 23 July, 10:40 - 11:00, 2 Session T7
Two-qubit engine fueled by entanglement and local measurements

Lea Bresque1, Patrice Camati1, Spencer Rogers2, Kater Murch3, Andrew Jordan2, and
Alexia Auffèves1

1Institut Néel - CNRS, 25, rue des Martyrs, 38000 Grenoble, France
2Department of Physics and Astronomy, University of Rochester, Rochester, New York 14627,

USA
3Department of Physics, Washington University, St. Louis, Missouri 63130, USA

We introduce a two-qubit engine that is powered by entanglement and local measurements.
Energy is extracted from the detuned qubits coherently exchanging a single excitation. Gener-
alizing to an N-qubit chain, we show that the low energy of the first qubit can be up-converted
to an arbitrarily high energy at the last qubit by successive neighbor swap operations and local
measurements. We finally model the local measurement as the entanglement of a qubit with
a meter, and we identify the fuel as the energetic cost to erase the correlations between the
qubits. Our findings extend measurement-powered engines to composite working substances
and provide a microscopic interpretation of the fueling mechanism.

[1] L. Bresque et al, PHYSICAL REVIEW LETTERS 126, 120605 (2021)
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T8 Wed, 21 July, 18:20 - 18:50, 5 session

Quantum Turbulence in atomic superfluid: characteristics and presence
of universality

Vanderlei Salvador Bagnato

IFSC-University of São Paulo, Av. Trabalhador São Carlense, 400, São Carlos, Brazil

Quantum turbulence, occurs in quantum fluids and has several natures. Its origin can be
the formation and tangling of vortices as well as the formation of non-linear waves in the
system, or even a combination of them. These excitations can evolve over time, promoting
energy migration from the largest to the smallest scales in a process called cascade, which has
mechanisms of occurrence. Starting with a Bose-Einstein condensate of Rb-87, trapped in
a harmonic potential, we perform temporal excitations that consist of deformation and slight
rotation of the potential, causing the system to evolve to a turbulent regime. Using time of
flight techniques, we measure the moment distribution, n(k, t) and from it we obtain the energy
spectrum E (k, t). This makes it possible to identify the inertial regions, where E (k, t) is
clearly dependent on the power law (inertial region) characteristic of turbulent regime, and to
measure the energy flow migrating between the scales and their preservation from the absence
of dissipation. Finally, the temporal evolution of the moment distribution allows to verify the
presence of a space-time scalability, which indicate the presence of a class of universality in
the phenomenon. The problem is investigated on the basis of the theory of the existence of
non-thermal fixed points in the system and a discussion around these aspects is offered. This
work received support from FAPESP, CNPq and CAPES, all Brazilian development agencies.
Thanks to students and PD: L. Madeira, A. Cedrin, A. G. Orosco, G. D. Telles.

Recent (2020) works related to the theme:

[1] L. Madeira, A. D. García-Orozco, F. E. A. dos Santos, V. S. Bagnato, Entropy of a Turbu-
lent Bose-Einstein Condensate, Entropy 22(9), 956 (2020).

[2] L. Madeira, A. Cidrim, M. Hemmerling, M. A. Caracanhas, F. E. A. dos Santos, and V.
S. Bagnato, Quantum turbulence in Bose-Einstein condensates: Present status and new
challenges ahead, AVS Quantum Sci. 2, 035901 (2020).

[3] A. V. M. Marino, L. Madeira, A. Cidrim, F. E. A. dos Santos, V. S. Bagnato, Momen-
tum distribution of Vinen turbulence in trapped atomic Bose-Einstein condensates, arXiv:
2005.11286.

[4] A. D. García-Orozco, L. Madeira, L. Galantucci, C. F. Barenghi, V. S. Bagnato, Intra-
scales energy transfer during the evolution of turbulence in a trapped Bose-Einstein con-
densate, Europhys. Lett. 130, 46001 (2020).
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Tue, 20 July, 17:40 - 18:10, 5 session T9
Driven-Dissipative Phase Transition in a Kerr Oscillator

Xin H H Zhang and Harold U Baranger

Duke University, Dept of Physics, Science Dr, Durham 27708-0305, USA

We study open quantum many-body physics using a minimal model, namely a Kerr non-linear
oscillator subject to two-photon driving and single-photon dissipation. Using mean-field the-
ory, exact diagonalization, and the Keldysh formalism, we analyze the critical phenomena at
the quantum phase transition in this system, showing which aspects can be captured by each
approach and how the approaches complement each other [1].

Critical scaling and finite-size scaling are calculated analytically using the quantum Langevin
equation. Spectral properties are given analytically using the Keldysh formalism (both the
spectral function of the oscillator and the power-spectrum of the emitted photons).

The physics contained in this simple model is surprisingly rich: it includes a continuous
phase transition, Z2 symmetry breaking, PT-symmetry, state squeezing, and critical fluctua-
tions. Due to its simplicity and solvability, this model can serve as a paradigm for exploration
of open quantum many-body physics.

[1] X. H. H. Zhang and H. U. Baranger, Phys. Rev. A 103, 033711 (2021).

33



T10 Wed, 21 July, 8:30 - 9:00, 1 session

Thermofields for Quantum Thermodynamics

Stephen M. Barnett

University of Glasgow, University Avenue, Glasgow G12 8QQ, United Kingdom

Thermofields provide a neat and simple way to evaluate thermal averages and to introduce
finite-temperature environments. The idea was developed, initially, for finite temperature field
theory [1,2] but has subsequently found application in quantum optics [3,4] and in the study
of quantum gasses [5]. The essential idea is to replace thermal density operators with pure
states in a doubled Hilbert space; a technique later rediscovered by the Quantum Information
community who named this process ‘purification’ [6]. In this talk I shall introduce the basic
techniques for using thermofields and, if time allows, give some simple examples of the utility
of the technique.

[1] Y. Takahashi and H. Umezawa, Collect. Phenom. 2, 55 (1975).

[2] H. Umezawa, H. Matsumoto and M. Tachiki, Thermo Field Dynamics and Condensed
States (North-Holland, Amsetrdam, 1982).

[3] S. M. Barnett and P. L. Knight, J. Opt. Soc. Am. B 2, 467 (1985).

[4] S. M. Barnett and B. J. Dalton, J. Phys. A: Math. Phys. Gen. 20, 411 (1987).

[5] B. J. Dalton, J. Jeffers and S. M. Barnett, Phase Space Methods for Degenerate Quantum
Gasses (Oxford University Press, Oxford, 2015).

[6] S. M. Barnett, Quantum Information (Oxford University Press, Oxford, 2009).
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Tue, 20 July, 18:10 - 18:40, 5 session T11
Soft modes in Fermi liquids

Dietrich Belitz1 and Theodore R Kirkpatrick2

1University of Oregon, Department of Physics, Eugene 97403, USA
2University of Maryland, Institute for Physical Science and Technology, College Park, MD

20742, USA

We use kinetic theory to discuss soft modes in Fermi liquids in both the collisionless and the
hydrodynamic regimes. In the collisionless regime the basic soft modes are the are continuum
of particle-hole excitations and all of their moments with respect to momentum. In addition to
the continuum, there are well-known zero-sound modes that reflect angular fluctuations of the
Fermi surface. In addition to the latter, radial fluctuations of the Fermi surface lead to a novel
propagating entropy mode. At nonzero temperature all of these modes acquire a mass. With
increasing temperature that mass increases, and the collisionless regime shrinks. At the same
time, a hydrodynamic frequency regime opens up that displays the five hydrodynamic modes
governed by conservation laws, namely: two first-sound waves, two shear-diffusion modes,
and one heat-diffusion mode. We discuss the relation of these results to previous work that
used field-theoretic methods, as well as the origins of the various soft modes.
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T12 Mon, 19 July, 12:50 - 13:10, 2 session

Higher-dimensional topology in multi-terminal superconducting
structures

Hannes Weisbrich1, Raffael Klees1, Gianluca Rastelli2, and Wolfgang Belzig1

1Department of Physics, University of Konstanz, 78457 Konstanz, Germany
2INO-CNR BEC Center and Dipartimento di Fisica, Università di Trento, 38123 Povo, Italy

Topology ultimately unveils the roots of the perfect quantization observed in complex sys-
tems. The 2D quantum Hall effect is the celebrated archetype. Remarkably, topology can
manifest itself even in higher-dimensional spaces in which control parameters play the role
of extra, synthetic dimensions. However, so far, a very limited number of implementations
of higher-dimensional topological systems have been proposed, a notable example being the
so-called 4D quantum Hall effect. Here we show that mesoscopic superconducting systems
can implement higher-dimensional topology and represent a formidable platform to study a
quantum system with a purely nontrivial second Chern number [1]. We demonstrate that the
integrated absorption intensity in designed microwave spectroscopy [2] is quantized and the
integer is directly related to the second Chern number. Finally, we show that these systems
also admit a non-Abelian Berry phase. Hence, they also realize an enlightening paradigm of
topological non-Abelian systems in higher dimensions.

[1] H. Weisbrich, R.L. Klees, G. Rastelli and W. Belzig, Second Chern Number and Non-
Abelian Berry Phase in Superconducting Systems, PRX Quantum 2, 010310 (2021)

[2] R. L. Klees, G. Rastelli, J. C. Cuevas, and W. Belzig, Microwave spectroscopy reveals the
quantum geometric tensor of topological Josephson matter, Phys. Rev. Lett. 124, 197002
(2020)
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Mon, 19 July, 18:30 - 18:50, 5 session T13
Decoherence-Free Entropic Gravity: Model and Experimental Tests

Alex J. Schimmoller1, Gerard McCaul1, Hartmut Abele2, and Denys I. Bondar1

1Tulane University, 2001 Percival Stern Hall, New Orleans, USA
2Technische Universitat Wien, Atominstitut, Stadionallee 2, 1020 Wien, Austria

Erik Verlinde’s theory of entropic gravity, postulating that gravity is not a fundamental force
but rather emerges thermodynamically, has garnered much attention as a possible resolution
to the quantum gravity problem. Some have ruled this theory out on grounds that entropic
forces are by nature noisy and entropic gravity would therefore display far more decoherence
than is observed in ultra-cold neutron experiments. We address this criticism by modeling lin-
ear gravity acting on small objects as an open quantum system. In the strong coupling limit,
the entropic master equation recovers conservative gravity. We show that the proposed master
equation is fully compatible with the qBounce experiment for ultra-cold neutrons. Further-
more, the entropic master equation predicts energy increase and decoherence on long time
scales and for large masses, phenomena which tabletop experiments could test. In addition,
comparing entropic gravity’s energy increase to that of the Diosi-Penrose model for gravity
induced decoherence indicates that the two theories are incompatible. These findings support
the theory of entropic gravity, motivating future experimental and theoretical research.

Further information can be found at arXiv:2012.10626
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T14 Tue, 20 July, 15:40 - 16:10, 4 session

Towards many-body quantum dynamics based on fluctuations

Erik Schroedter, Michael Bonitz, and Jan-Philip Joost

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

Many-body quantum dynamics is a hot topic in a broad range of fields, including systems as
diverse as cold atoms in optical lattices, correlated condensed matter systems and dense quan-
tum plasmas and warm dense matter. The goal is the computation of the nonlinear response of
the system to a time-dependent external excitation and the subsequent relaxation, fully includ-
ing quantum, spin and correlation effects. The standard approaches include reduced density
operators (RDO) and Nonequilibrium Green functions (NEGF) that give rise to a hierarchy
of coupled equations of motion for the reduced quantities, such as the BBGKY-hierarchy of
RDO or the Martin-Schwinger hierarchy of NEGF, e.g. [1]. Recently a dramatic speedup of
the numerical solutions of the quantum dynamics that include dynamical screening and strong
coupling could be achieved [2,3] which will be demonstrated in the first part of the talk. In
the second part, we explore an independent approach to the quantum dynamics that is based
on the time evolution of correlation functions of quantum fluctuations. This is motivated by
successful concepts in classical plasmas [4], in correlated quantum plasmas in equilibrium
[5] and various phenomenological stochastic concepts in quantum systems, e.g. [6]. Here we
present a rigorous derivation of the hierarchy of equations of fluctuations of the NEGF and
compare it to the aforementioned approaches [7].

[1] M. Bonitz, „Quantum Kinetic Theory“, 2nd ed. Springer 2016

[2] N. Schlünzen, J.-P. Joost, Phys. Rev. Lett. 124, 076601 (2020)

[3] J.-P. Joost, N. Schlünzen, and M. Bonitz, Phys. Rev. B 101, 245101 (2020)

[4] Yu.L. Klimontovich, „Kinetic Theory of Nonideal Gases and Nonideal Plasmas“, Perga-
mon Press 1982

[5] T. Dornheim, S. Groth, J. Vorberger, and M. Bonitz, Phys. Rev. Lett. 121, 255001 (2018)

[6] D. Lacroix, S. Hermanns, C. Hinz, and M. Bonitz, Phys. Rev. B 90, 125112 (2014)

[7] E. Schroedter, J.-P. Joost, and M. Bonitz, to be published
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Mon, 19 July, 9:30 - 10:00, 1 session T15
Absolute quantum advantage in light microscopy

Warwick P Bowen1, Catxere A Casacio1, Lars S Madsen1, Alex Terrasson1, Muhammad
Waleed1, Kai Barnscheidt2, Boris Hage2, and Michael A Taylor1

1University of Queensland, Physics Annex (bld 6), St Luca 4072, Australia
2Institut fur Physik, Universitat Rostock, Rostock, Germany

State-of-the-art microscopes use intense lasers that can severely disturb biological processes,
function and viability. This introduces hard limits on performance that only quantum photon
correlations can overcome. In this talk I will report recent work from my laboratory which
demonstrates this absolute quantum advantage [1]. We show, specifically, that quantum cor-
relations enable signal-to-noise beyond the photodamage-free capacity of conventional mi-
croscopy. Broadly, this represents the first demonstration that quantum correlations can allow
sensing beyond the limits introduced by optical intrusion upon the measurement process. We
achieve this in a coherent Raman microscope, which we use to image molecular bonds within
a cell with both quantum-enhanced contrast and sub-wavelength resolution. This allows the
observation of nanoscale biological structures that would otherwise not be resolved. Coherent
Raman microscopes allow highly selective biomolecular finger-printing in unlabelled spec-
imens, but photodamage is a major roadblock for many applications. By showing that this
roadblock can be overcome, our work provides a path towards order-of-magnitude improve-
ments in both sensitivity and imaging speed.

[1] Catxere A. Casacio, Lars S. Madsen, Alex Terrasson, Muhammad Waleed, Kai Barn-
scheidt, Boris Hage, Michael A. Taylor, and Warwick P. Bowen, Quantum-enhanced non-
linear microscopy, in print Nature (2021). Available at: arXiv:2004.00178.
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T16 Thu, 22 July, 17:20 - 17:50, 5 Session

Controlling nonlinear dynamics of complex lasers

Hui Cao

Yale University, 15 Prospect Street, New Haven, USA

Nonlinear light-matter interactions induce irregular pulsations and filamentation in high-power
multi-mode lasers. To control the nonlinear interactions between the lasing modes and the
gain material, we manipulate the spatial structure of cavity resonances and vary their charac-
teristic length scales. By tailoring the cavity geometry of a broad-area laser, we are able to
disrupt the coherent nonlinear processes that form self-organized structures and cause tempo-
ral instabilities. With spatio-temporal instabilities suppressed, we utilize the spatio-temporal
interference of numerous lasing modes to achieve massively-parallel ultrafast random bit gen-
eration with a chip-scale laser diode.
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Mon, 19 July, 14:00 - 14:30, 3 session T17
Thermodynamics and Symmetry of Driven Open Quantum Systems

Jianshu Cao

MIT, 77 Mass. Ave. 6-237A, Cambridge, USA

The light-matter interaction has been pushed to the strong coupling regime in several ex-
perimental platforms, including superconducting qubits, NV centers, cold atoms in optical
lattices, and molecules in cavities. This opens up new possibilities of quantum control, but
also presents new theoretical challenges. To address this, we have systematically developed
Floquet response theory for open quantum systems driven by a strong but periodic driving
field and perturbed by a weak but arbitrary probe field. (i) Non-equilibrium stationary states
of periodically-driven open quantum systems can strongly deviate from the Floquet-Gibbs
distribution and exhibit exotic non-analytic behavior. [1] (ii) Dynamical symmetries of the
stationary states lead to spectroscopic signatures including symmetry-protected dark states
and Floquet-band selection rules. [2] (iii) Floquet response theory predicts the generation of
squeezed and entangled light using a sequence of coupled strongly-driven quantum systems.
[3]

[1] Phys. Rev. Lett. 123, 120602 (2019) G. Engelhardt, G. Platero, and J. Cao

[2] Phys. Rev. Lett. 126, 090601 (2021) G. Engelhardt and J. Cao

[3] G. Engelhardt and J. Cao (manuscripts in preparation)
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T18 Mon, 19 July, 18:50 - 19:10, 5 session

The physics behind quantum operators

Ana María Cetto and Luis de la Peña

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

A novel physical explanation is proposed for the emergence of the quantum operator for-
malism, from the perspective provided by stochastic electrodynamics (SED). We recall that
according to SED, an otherwise classical, charged particle subject to a binding force reaches a
stationary state of motion under the combined effect of the random electromagnetic zero-point
radiation field (ZPF) and its own radiation reaction. In this work we focus on one such sta-
tionary state, and take into account that the zpf has taken control of the particle motion, acting
as a driving force on it. The particle responds to a certain set of modes of the field, precisely to
those that may take it to a different stationary state. A Hamiltonian analysis of this response,
in which the Poisson bracket {x, p} must now be taken with respect to the canonical field
variables, allows us to derive the basic quantum commutator [x, p] = i~. We discuss the im-
plications of these results with regards to the physical meaning of the Heisenberg formulation
of quantum mechanics.
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Mon, 19 July, 14:30 - 15:00, 3 session T19
Breakdown of quantum-to-classical correspondence for diffusion in high

temperature thermal environment

Doron Cohen

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

The spreading of a particle along a chain, and its relaxation, are central themes in statistical
and quantum mechanics. One wonders what are the consequences of the interplay between
coherent and stochastic transitions. This fundamental puzzle has not been addressed in the
literature, though closely related themes were in the focus of the Physics literature through-
out the last century, highlighting quantum versions of Brownian motion. Most recently this
question has surfaced again in the context of photo-synthesis.

In [1] we re-consider the old problem of Brownian motion in homogeneous high-temperature
thermal environment. The semiclassical theory implies that the diffusion coefficient does not
depend on whether the thermal fluctuations are correlated in space or disordered. We show
that the corresponding quantum analysis exhibits a remarkable breakdown of quantum-to-
classical correspondence. Explicit results are found for a tight binding model, within the
framework of an Ohmic master equation, where we distinguish between on-site and on-bond
dissipators. The breakdown is second-order in the inverse temperature, and therefore, on the
quantitative side, involves an inherent ambiguity that is related to the Ohmic approximation
scheme.

For quantum coherent dynamics one expects to observe ballistic motion and Bloch oscil-
lations, while for classical stochastic dynamics one expects to see diffusion and drift. In [2]
we have considered the puzzling case where coherent and stochastic transitions co-exist "in
parallel". With added disorder it becomes the quantum version of the Sinai-Derrida-Hatano-
Nelson model, which features sliding and the delocalization transitions. They highlighted
non-monotonic dependence of the current on the bias, and a counter-intuitive enhancement of
the effective disorder due to coherent hopping.

[1] Breakdown of quantum-to-classical correspondence for diffusion in high temperature ther-
mal environment, D. Shapira, D. Cohen, Phys. Rev. Research 3, 013141 (2021).

[2] Quantum stochastic transport along chains, D. Shapira, D. Cohen, Sci. Rep. 10, 10353
(2020).

43



T20 Thu, 22 July, 10:40 - 11:00, 2 Session

Discrete Time Crystals in Ultracold Quantum Gases

Jia Wang, Peter Hannaford, and Bryan J Dalton

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

A discrete time crystal (DTC) is an example of non-equilibrium quantum system which ex-
hibits discrete time translation symmetry breaking, where measurable quantities such as the
position probability density have periodicities that are an integer multiple of the period for
that of the Hamiltonian [1].

We present a fully comprehensive multi-mode quantum treatment based on the truncated
Wigner approximation (TWA) [2] to study many-body effects and effects of quantum fluctua-
tions on the formation of a discrete time crystal in a Bose-Einstein condensate (BEC) bouncing
resonantly on a periodically driven atom mirror [1]. Zero-range contact interactions between
the bosonic atoms are assumed. Our theoretical approach avoids the restrictions both of mean-
field theory, where all bosons are assumed to remain in a single mode, and of time-dependent
Bogoliubov theory, which assumes boson depletion from the condensate mode is small. We
show that the mean-field and time-dependent Bogoliubov approaches can be derived as ap-
proximations to the TWA treatment. Non-zero temperature BECs can also be treated.

For realistic initial conditions corresponding to a harmonic trap condensate mode function,
our TWA calculations performed for period-doubling agree broadly with recent mean-field
calculations [1, 3] for times out to at least 2000 mirror oscillations, except at interaction
strengths very close to the threshold value for DTC formation, where the position probability
density differs significantly from that in mean-field theory. For typical attractive interaction
strengths above the threshold value for DTC formation and for the chosen trap and driving
parameters, the TWA calculations indicate a quantum depletion due to quantum many-body
fluctuations of less than about two atoms out of a total of 600 atoms at times corresponding to
2000 mirror oscillations, in agreement with time-dependent Bogoliubov theory calculations
[3]. On the other hand, for interaction strengths very close to the threshold value for DTC
formation, the TWA calculations predict a large quantum depletion - as high as about 260
atoms out of 600. We also show that the mean energy per particle of the DTC does not increase
significantly for times out to at least 2000 mirror oscillations, typically oscillating around an
average value close to its initial value; so TWA theory predicts an absence of thermalisation.
Finally, we find that the dynamical behaviour of our system is largely independent of whether
the boson-boson interaction is attractive or repulsive.
[1] K. Sacha, Phys. Rev. A 91, 033617 (2015); Time Crystals (Springer, Berlin, 2020).

[2] B. J. Dalton, J. Jeffers and S. M. Barnett, Phase Space Methods for Degenerate Quantum
Gases (Oxford University Press, Oxford, 2015).

[3] A. Kuros et al., New J. Phys. 22, 095001 (2020).
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Tue, 20 July, 16:10 - 16:40, 4 session T21
Dynamics of Correlated Systems with Nonequilibrium Green’s

Functions

Hao Lin1,2, Hossein Mahzoon1,2,3, Arnau Rios4, and Pawel Danielewicz1

1NSCL Cyclotron Laboratory, Michigan State University, 640 South Shaw Lane, East
Lansing, 48824, USA

2Department of Physics and Astronomy, Michigan State University, East Lansing, MI 48824,
USA

3Department of Physics, Washington University in St. Louis, St. Louis, MO 63130, USA
4University of Surrey, Guildford, Surrey GU2 7XH, United Kingdom

Theory of non-equilibrium Green’s function (NGF) provides a practical framework for study-
ing quantum many-body systems out of equilibrium. Extending the previous mean field ap-
proach developed for nuclear systems in one dimension with NGF, we introduce isospin de-
grees of freedom to the Green’s functions and incorporate short-range two-body interactions
in the second-order self-consistent approximation to correlations, which represents the scat-
tering of momentum orbitals in the Born approximation. We discuss the preparation of a finite
nuclear system and examine the impact of correlations on the ground state. We also excite
a finite symmetric nuclear system to oscillate in an isovector dipole mode and explore the
dissipation effects in the oscillation. Finally, we demonstrate how to boost a slab to a constant
and stable motion in a box, based on Galilean covariance of the theory. The studies in this
paper lay the ground for the future exploration of collisions of correlated nuclear systems in
one dimension.
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T22 Tue, 20 July, 15:00 - 15:20, 3 session

Energetic cost of Hamiltonian quantum gates

Sebastian Deffner

UMBC (University of Maryland Baltimore County), 1000 Hilltop Circle, Baltimore, MD
21250, USA

Landauer’s principle laid the main foundation for the development of modern thermodynam-
ics of information. However, in its original inception the principle relies on semiformal ar-
guments and dissipative dynamics. Hence, if and how Landauer’s principle applies to unitary
quantum computing is less than obvious. Here, we prove an inequality bounding the change of
Shannon information encoded in the logical quantum states by quantifying the energetic cost
of Hamiltonian gate operations. The utility of this bound is demonstrated by outlining how it
can be applied to identify energetically optimal quantum gates in theory and experiment. The
analysis is concluded by discussing the energetic cost of quantum error correcting codes with
non-interacting qubits, such as Shor’s code.

[1] arXiv:2102.05118
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Mon, 19 July, 19:10 - 19:30, 5 session T23
How fast is a quantum jump?

Luis de la Peña, Ana María Cetto, and Andrea Valdés-Hernández

Instituto de Física, UNAM, Apartado postal 20-364, Ciudad Universitaria, 01000 Mexico,
DF, Mexico

The physics of the transitions between quantum states is a matter that has received little atten-
tion in the past, despite the crucial importance of these transitions for atomic and molecular
physics. Recently however the picture has started to change, thanks to calculational and ex-
perimental work using attosecond spectroscopy. In this work we focus on the basic underlying
physics by carrying out a theoretical analysis informed by stochastic electrodynamics, which
does not rely on specific experimental settings, with the ultimate purpose of estimating the
duration of a transition. The proposal rests on the consideration that a resonance of the atomic
electron with modes of the zero-point radiation field of Compton’s frequency is at the core of
the phenomenon. The theoretical result obtained for the jumping time lies within the range of
the recently experimentally estimated values of the order of attoseconds (10−18s).
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T24 Mon, 19 July, 11:30 - 11:50, 2 session

Volkov-Pankratov states in topological graphene nanoribbons

T.L. van den Berg1, A. De Martino2, M.R. Calvo3, and D. Bercioux1,4

1Donostia International Physics Center, Donostia-San Sebastián, Spain
2Department of Mathematics, City, University of London, London, United Kingdom

3Departamento de Fisica Aplicada, Universidad de Alicante, Alicante, Spain
4IKERBASQUE, Basque Foundation of Science, Bilbao, Spain

In topological systems, a modulation in the gap onset near interfaces can lead to the appear-
ance of massive edge states, as were first described by Volkov and Pankratov. In this talk I
will show that, in the presence of intrinsic spin-orbit coupling smoothly modulated near the
system edges, graphene nanoribbons host Volkov-Pankratov states in addition to the topo-
logically protected helical states. This result is obtained by means of two complementary
methods, one based on the effective low-energy Dirac equation description and the other on a
fully numerical tight-binding approach, with excellent agreement between the two. I will then
briefly discuss how transport measurements might reveal the presence of Volkov-Pankratov
states, and possible graphene-like structures in which such states might be observed.
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Mon, 19 July, 11:50 - 12:10, 2 session T25
Superconducting devices in magic-angle twisted bilayer graphene

Folkert Kornelis de Vries1, Elias Portoles1, Giulia Zheng1, Takashi Taniguchi2, Kenji
Watanabe2, Thomas Ihn1, Klaus Ensslin1, and Peter Rickhaus1

1Laboratory of Solid State Physics, ETH Zurich, Otto-Stern-Weg 1, 8044 Zurich, Switzerland
2National Institute for Materials Science, 1-1 Namiki, Tsukuba 305-0044, Japan

Magic-angle twisted bilayer graphene (MATBG) has recently emerged as a versatile platform
that combines metallic, superconducting, magnetic and insulating phases in a single crystal.
These different correlated states arise at cryogenic temperatures and are tunable by control-
ling the electrostatic environment of the two-dimensional material. Because of this tunability,
MATBG appears to be an ideal two-dimensional platform for gate-tunable superconductiv-
ity. However, progress towards practical implementations has been hindered by the need for
well-defined gated regions. Here we use multilayer gate technology to create devices based
on two distinct phases in adjustable regions of MATBG [1]. We electrostatically define the
superconducting and insulating regions of a Josephson junction and observe tunable d.c. and
a.c. Josephson effects. The ability to tune the superconducting state within a single material
circumvents interface and fabrication challenges, which are common in multimaterial nanos-
tructures. This work is an initial step towards devices where gate-defined correlated states
are connected in single-crystal nanostructures. We envision applications in superconducting
electronics and quantum information technology.

[1] de Vries, F.K., Portolés, E., Zheng, G. et al. Gate-defined Josephson junctions in magic-
angle twisted bilayer graphene. Nat. Nanotechnol. (2021)
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T26 Tue, 20 July, 11:00 - 11:20, 2 session

Incoherent control of optical signals: Quantum-heat-engine approach

Konstantin Dorfman

State Key Laboratory of Precision Spectroscopy„ Department of Physics, East China Normal
University, 3663, North Zhongshan Road„ Shanghai, 200062, China

Optical pump-probe signals can be viewed as work done by the matter while transferring the
energy between two coherent baths (from pump to probe). In thermodynamics, a heat engine,
such as a laser, is a device which performs similar work but operating between two thermal
baths. We propose an “incoherent” control procedure for the optical signals using the physics
of a quantum heat engine. By combining a coherent laser excitation of an electronic excited
state of a molecule with thermal relaxation we introduce an effective thermal bath treating
stimulated emission of probe photons as work performed by the heat engine. We optimize
power and efficiency for the pump-probe signal using control parameters of the pump laser
utilizing a four-level molecular model in the strong and weak coupling regime illustrating its
equivalence with the thermodynamic cycle of the heat engine.

[1] M. Qutubuddin and K.E. Dorfman, Phys. Rev. Res. 3, 023029 (2021)
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Thu, 22 July, 18:20 - 18:50, 5 Session T27
Resonant time-symmetry breaking in coupled oscillators

Mark Dykman

Michigan State University, Michigan State University, 567 Wilson Rd., East Lansing, USA

A periodically driven system has discrete time-translation symmetry with the period of the
driving. Its quantum dynamics is described in terms of the Floquet states. A driven nonlin-
ear oscillator allows one to see peculiar features of tunneling and dissipation in the Floquet
world. Generally, if a system is in a Floquet state, its dynamical variables oscillate with the
period of the driving. However, the discrete time-translation symmetry can be broken, the
“time crystal” effect. Nonlinear oscillators, including nanomechanical systems and modes in
electromagnetic cavities, can be used to study this effect. We will discuss the quantum phase
transition to the broken-symmetry state in systems of coupled oscillators. The transitions oc-
cur due to a comparatively weak resonant driving. We will show that heating is exponentially
suppressed, no many-body localization is required for this suppression. Time permitting, we
will discuss frustration and a transition to a topologically nontrivial period-3 state.
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T28 Mon, 19 July, 16:50 - 17:10, 4 session

Quantum contextuality: the most general definition?

Ehtibar Dzhafarov

Purdue University, 703 Third Street, West Lafayette 47907, USA

Quantum contextuality is traditionally defined in three ways: in terms of (non)existence of
joint distributions of random variables recorded in different contexts; in terms of counterfac-
tual pre-existence of values of the random variables; and in terms of the (non)existence of
hidden variables with noncontextual mapping into observable variables. All these definitions
apply to systems of random variables with no disturbance, those in which random variables
measuring the same property in different contexts have identical distributions. However, dis-
turbance and contextuality are different forms of context-dependence, they can coexist within
a system, and need to be conceptually separated and separately measured. This requires a
generalization of the traditional definitions, one satisfying several desiderata, such as: non-
contextuality should be preserved for any subsystem of a noncontextual system, it should be
preserved under course-graining of the random variables, and adding or removing determin-
istic variables should not affect contextuality status of a system. In addition, the generalized
definition should properly reduce to traditional definitions when applied to system with no
disturbance. The definition proposed within the framework of the Contextuality-by-Default
theory is, arguably, the most general definition satisfying these desiderata. Contextuality is
defied as difference between the following two differences: (1) the difference between random
variables when taken in isolation, and (2) the difference between the same random variables
when taken within their contexts. The mathematical language that makes this definition rig-
orous is that of probabilistic couplings.

[1] Dzhafarov, E.N. (2021). Contents, contexts, and basics of contextuality. In Shyam Wup-
puluri and Ian Stewart (Eds). From Electrons to Elephants and Elections: Saga of Content
and Context. To be published by Springer - The Frontiers Collection. (arXiv:2103.07954)

[2] Dzhafarov, E.N., Kujala, J.V., & Cervantes, V.H. (2020). Contextuality and noncontextu-
ality measures and gener- alized Bell inequalities for cyclic systems. Physical Review A
101:042119. (arXiv:1907.03328)

[3] Kujala, J.V., & Dzhafarov, E.N. (2019). Measures of contextuality and noncontextuality.
Philosophical Transactions of the Royal Society A 377:20190149. (arXiv:1903.07170)

[4] Dzhafarov, E.N. (2019). On joint distributions, counterfactual values, and hidden vari-
ables in understanding con- textuality. Philosophical Transactions of the Royal Society A
377:20190144. (arXiv:1809.04528)
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Wed, 21 July, 9:30 - 10:00, 1 session T29
Quantum field thermal machines

Jens Eisert

FU Berlin, Arnimallee 14, Berlin 14195, Germany

Quantum systems undergoing out-of-equilibrium dynamics provide insights into how features
of quantum statistical mechanics emerge. At the same time, they are thought to be relevant
for notions in quantum thermodynamics, where quantum effects are expected to play a role in
the understanding of the functioning of thermal machines operating in the nanoscopic realm.
That said, for the latter, steps towards the realization of quantum thermal machines in which
quantum many-body systems take center stage are quite painfully lacking. For the former,
while the picture of quantum lattice systems has been becoming clearer, important questions
are still widely open for quantum field systems. In this talk, we will have a look at a theoretical
and experimental study of the dynamical emergence of Gaussian correlations in continuous
quantum many-body systems [1], witnessed by new tomographic recovery techniques [3].
Building upon these efforts, we will discuss the blueprint for a quantum field thermal machine
[2] for which first data are now being taken.

[1] Decay and recurrence of non-Gaussian correlations in a quantum many-body system, T.
Schweigler, M. Gluza, M. Tajik, S. Sotiriadis, F. Cataldini, S.-C. Ji, F. S. Møller, J. Sabino,
B. Rauer, J. Eisert, J. Schmiedmayer, Nature Physics 17, 559 (2021).

[2] Quantum field thermal machines, M. Gluza, J. Sabino, N. H. Y. Ng, G. Vitagliano, M.
Pezzutto, Y. Omar, I. Mazets, M. Huber, J. Schmiedmayer, J. Eisert, PRX Quantum, in
press (2021).

[3] Quantum read-out for cold atomic quantum simulators, M. Gluza, T. Schweigler, B. Rauer,
C. Krumnow, J. Schmiedmayer, J. Eisert, Communications Physics 3, 12 (2020).
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T30 Fri, 23 July, 9:00 - 9:30, 1 Session

Magnetization generated by microwave-induced Rashba interaction

Ora Entin-Wohlman1, Robert I Shekhter2, Mats Jonson2, and Amnon Aharony1

1Tel Aviv University, School of Physics and Astronomy, Ramat Aviv, Tel Aviv 6997801, Israel
2Department of Physics, University of Gothenburg, SE-412 96 Göteborg, Sweden

We show that a controllable dc magnetization is accumulated in a junction comprising a quan-
tum dot coupled to nonmagnetic reservoirs if the junction is subjected to a time-dependent
spin-orbit interaction. The latter is induced by an ac electric field generated by microwave ir-
radiation of the gated junction. The magnetization is caused by inelastic spin-flip scattering of
electrons that tunnel through the junction, and depends on the polarization of the electric field:
a circularly polarized field leads to the maximal effect, while there is no effect in a linearly
polarized field. Furthermore, the magnetization increases as a step function (smoothened by
temperature) as the microwave photon energy becomes larger than the absolute value of the
difference between the single energy level on the quantum dot and the common chemical
potential in the leads.

[1] O. Entin-Wohlman, R. I. Shekhter, M. Jonson, and A. Aharony, Magnetization gen-
erated by microwave-induced Rashba interaction, Phys. Rev. B 102, 075419 (2020);
(arXiv:2007.04122).
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Fri, 23 July, 12:20 - 12:40, 2 Session T31
Quantum operations in ultrastrongly coupled quantum networks

Giuseppe Falci1,2,5, Luigi Giannelli1,2, Giuliano Benenti3, Alessandro Ridolfo1,2, Simone
Montangero4, and Elisabetta Paladino1,2,5

1Dipartimento di Fisica e Astronomia, Universita’ di Catania and CNR-IMM MATIS
Catania, Via Santa Sofia 64, Catania I-95125, Italy

2INFN, Sezione di Catania, Via Santa Sofia 64, Catania I-95125, Italy
3Università degli Studi di Insubria & INFN, Como, Italy
4Università degli Studi di Padova & INFN, Padova, Italy

5CNR-IMM MATIS Catania, Via Santa Sofia 64, Catania I-95125, Italy

Ultrastrong coupling (USC) between light and matter has been recently achieved in architec-
tures of solid-state artificial atoms coupled to cavities. New phenomena related to the highly
entangled nature of the eigenstates are displayed. Such architectures may provide new build-
ing blocks for quantum state processing, where ultrafast quantum gates could be performed.

Concerning quantum state processing, it has been shown that in the USC regime the dy-
namical Casimir effect (DCE), may pose limits on the fidelity of standard quantum operations
based on quantum Rabi oscillations [3], used for processing in strongly coupled (SC) circuit-
QED systems. In the USC multiphoton generation deteriorates the fidelity of such quantum
operations [3] even in absence of decoherence. We show that an adiabatic protocol similar to
STIRAP [1,2] may overcome this problem [4]. Ideally, the cavity is never populated, oper-
ating as a virtual bus, thus it is expected to greatly reduce the impact of DCE. We show that
high fidelity operations can be performed for moderate couplings in the USC regime [3] thus
allowing to operate faster than in SC. Moreover, properly crafted control extends the high
fidelity region to even larger couplings. The protocol is extremely robust against DCE, in the
absence of decoherence yields almost 100% fidelity for remote state transfer and multiqubit
entanglement generation. It is also resilient to decay due to leakage from the cavity, which
is the main decoherence mechanism for present USC architectures [3]. In this more realistic
scenario, it is seen that for larger coupling (entering the deep strong coupling regime) the fi-
delity decreases due to the interplay between decoherence and DCE. Our results suggest that
adiabatic manipulations may be a promising tool for quantum state processing in the USC
regime.
[1] N. V. Vitanov, A. A. Rangelov, B. W. Shore, and K. Bergmann, Rev. Mod. Phys. 89,

015006 (2017).

[2] G. Falci, A. Ridolfo, P.G. Di Stefano, and E. Paladino, Sci. Rep. 9, 9249 (2019); DOI:
10.1038/s41598-019-45187-y

[3] G. Benenti, A. DArrigo, S. Siccardi, and G. Strini, Phys. Rev. A 90, 052313 (2014).

[4] M. Stramacchia, A. Ridolfo, G. Benenti, E. Paladino, F. M. D. Pellegrino, G. D. Maccar-
rone, G. Falci, arXiv:1904.04141
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T32 Fri, 23 July, 16:40 - 17:00, 4 session

Highly non-Gaussian quantum physics

Radim Filip

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

The talk will report about recent theoretical and experimental achievements opening the door
to highly non-Gaussian quantum physics with light and mechanical oscillators. This territory
is challenging for investigation, both theoretically and experimentally. After a brief introduc-
tion to the quantum non-Gaussian effects, we will present recent theoretical and experimental
activities including the faithful loss-tolerant hierarchy of quantum non-Gaussianity for multi-
phonon generation and its experimental verification, recent experimental result on the genera-
tion and accumulation of quantum non-Gaussianity of single-atom mechanical oscillators and
preparation of highly non-Gaussian GKP states of single-atom mechanical systems and super-
conducting circuits. The talk will conclude with other related results and the next challenges
in theory and experiments with light, mechanical oscillators and superconducting circuits to
stimulate discussion and further development of this field.
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Tue, 20 July, 14:30 - 15:00, 3 session T33
Strategies for quantum chemistry on a quantum computer using a

factorized form of the unitary coupled cluster method

James Freericks1, Jia Chen2, and Hai-Ping Cheng3

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

2Quantum Simulation Technologies, Inc., 625 Massachusetts Ave, Floor 2, Cambridge, MA
02139

3University of Florida, Department of Physics, Gainesville, Florida 32611, USA

Quantum Chemistry has been viewed as one of the most likely fields of science to benefit
from quantum computing. In this talk, I will discuss some of the different strategies that can
be employed to calculate electronic structure of molecules with quantum computers. Most
algorithms need to balance the number of qubits against the depth of the circuit in order to
be able to be run on current hardware. We will describe the different ways in which the
unitary coupled-cluster approximation can be implemented on a quantum computer including
describing techniques to simulate only part of the molecule on the quantum computer and to
use Green’s functions in the analysis. We also will discuss how to make efficient circuits and
the differences between electronic encoding versus hardware efficient ansatze. While most
calculations of electronic structure on quantum computers have been simple demonstrations
or proofs of principle, it is possible that we will be seeing real calculations initiated over the
next few years using ideas discussed in this presentation.
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T34 Tue, 20 July, 16:40 - 17:00, 4 session

A Green’s function perspective on the nonequilibrium thermodynamics
of open quantum systems strongly coupled to baths

Michael Galperin

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

Rapid development of experimental techniques at the nanoscale in the last decade has led to
miniaturization of devices for energy storage and conversion to sizes where quantum mechan-
ics becomes relevant. For example, thermoelectric single atom and single molecule junctions
are expected to operate more effectively compared to their bulk analogs due to possible utiliza-
tion of quantum effects. Proper description of performance of nanoscale devices for energy
conversion requires development of corresponding nonequilibrium quantum thermodynamics.
Moreover, with molecules chemisorbed on at least one of the contacts, thermodynamic theory
should account for strong system-bath couplings. In recent years there is a surge of research
in this field both experimentally and theoretically. Another active area of research establishes
a connection between thermodynamic and information theory.

One of the guiding principles for theoretical research is consistency of the thermodynamic
description with underlying system dynamics. The latter is conveniently described within
nonequilibrium Green’s function (NEGF) techniques. Here, we give dynamical NEGF based
perspective on thermodynamics formulations suggested in the literature for open quantum
systems that are strongly coupled to baths [1]. For the thermodynamic formulation consistent
with underline dynamics, we derive bath and energy resolved expressions for entropy, entropy
production, and information flows [2]. Resulting expressions reduce to expected forms in
limiting cases of weak coupling or steady state. Formulation of the flows in terms of only sys-
tem degrees freedom is convenient for simulation of thermodynamic characteristics of open
nonequilibrium quantum systems. We utilize standard NEGF for derivations in noninteracting
systems, Hubbard NEGF is used for interacting systems.

[1] N. Bergmann and M. Galperin, Eur. Phys. J. Spec. Top. (2021) https://doi.org/10.1140/
epjs/s11734-021-00067-3

[2] N. Seshadri and M. Galperin, Phys. Rev. B103 (2021) 085415.
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Thu, 22 July, 8:30 - 9:00, 1 Session T35
Universal dynamics far from equilibrium

Philipp Heinen1,3, Aleksandr N. Mikheev1,3, Christian M. Schmied1,3, Paul Wittmer2,3, Carlo
Ewerz2,3, and Thomas Gasenzer1,2,3

1Kirchhoff-Institute for Physics, Heidelberg University, Im Neuenheimer Feld 227, 69120
Heidelberg, Germany

2Institute for Theoretical Physics, Heidelberg University, Philosophenweg 16, 69120
Heidelberg, Germany

3ExtreMe Matter Institute EMMI, GSI Helmholtzzentrum für Schwerionenforschung,
Planckstr. 1, 64291 Darmstadt, Germany

Quenched or continuously driven quantum systems can show universal dynamics near non-
thermal fixed points, generically in the form of scaling behaviour in space and time [1-3].
Systems where such fixed points can be realized range from post-inflationary evolution of the
early universe to low-energy dynamics in cold gases. Effective field theories hold promise
to describe the non-perturbative infrared dynamics by allowing to identify the relevant de-
grees of freedom [1,4,5]. The status of different examples and their relevance to near-linear
quasiparticle dynamics as well as to the strongly non-linear dynamics of solitary waves and
topological defects will be discussed [4-6].

[1] C.-M. Schmied, A. N. Mikheev, T. Gasenzer, Non-thermal fixed points: Universal dy-
namics far from equilibrium, Proc. Julian Schwinger Centennial Conf. and Workshop,
Singapore, 2018, arXiv:1810.08143 [cond-mat.quant-gas]

[2] M. Prüfer, P. Kunkel, H. Strobel, S. Lannig, D. Linnemann, C.-M. Schmied, J. Berges, T.
Gasenzer, M.K. Oberthaler, Observation of universal dynamics in a spinor Bose gas far
from equilibrium, Nature 563, 217 (2018).

[3] S. Erne, R. Bücker, T. Gasenzer, J. Berges and J. Schmiedmayer, Universal dynamics in
an isolated one-dimensional Bose gas far from equilibrium, Nature 563, 225 (2018).

[4] A. N. Mikheev, C.-M. Schmied, T. Gasenzer, Low-energy effective theory of non-thermal
fixed points in a multicomponent Bose gas, Phys. Rev. A 99, 063622 (2019);
arXiv:1807.10228 [cond-mat.quant-gas]

[5] P. Heinen, C.-M. Schmied, A.N. Mikheev, T. Gasenzer, Universal scaling dynamics of the
quenched sine-Gordon system, unpublished (2020).

[6] P. Wittmer, C.-M. Schmied, T. Gasenzer, C. Ewerz, Vortex motion quantifies strong dissi-
pation in a holographic superfluid, arXiv: 2011.12968 [hep-th] (2020).

59



T36 Mon, 19 July, 10:00 - 10:30, 1 session

Measurement-Induced Quantum Steering

Yuval Gefen

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

Steering a quantum state towards a predesignated target state can be achieved by a set of
repeated quantum measurements. The latter could be represented by strong (projective) or
generalized ( e.g. weak) measurements. We will discuss and comparethe paradigm of blind
steering and that of active decision making.
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Fri, 23 July, 18:40 - 19:00, 5 Session T37
Exploiting topology and strong interactions in electronics

Avik Ghosh

University of Virginia, 351 McCormick Rd, Charlottesville, USA

As Moore’s Law grinds to a halt, we find ourselves entering a new world of software driven
hardware, of Application Specific Integrated circuits (ASICs) and machine learning acceler-
ators. This has opened up new opportunities for unique architectures that map onto specific
computational paradigms, along with emerging materials underpinning them. Quantum com-
puting, while being noteworthy for being disruptive in algorithmic scale-up, is limited severely
by size scalability for embedded IoT applications. There are however many opportunities for
classical computing with topological quantum states based on present day technology that can
be quite disruptive even for embedded electronics. The focus of this talk is to show how one
can capitalize on topological properties of materials to enable low-power electronic devices.

The specific example I will discuss exploits isolated, metastable skyrmions in thin mag-
netic films for temporal memory applications. These skyrmions can be generated as a topolog-
ical defect by spatial symmetry breaking, such as by engineering interfacial Dzyaloshinskii-
Moriya interactions (DMI) at the interface between a magnetic film and a heavy metal. I will
discuss the physics of these skyrmions, such as how ferrimagnetic films near their compen-
sation point reduce demagnetization field and shrink skyrmions, how we can increase their
lifetime with film thickness and uniaxial anisotropy, and how the skyrmions can form elon-
gated tubes stabilized by exchange stiffness even when the DMI decays sharply away from
the interface. Furthermore, we discuss how the skyrmions tend to diffuse, how they can be lo-
calized with notches etched into racetracks, and how they can be driven with spin orbit torque
at speeds comparable to domain walls, while simultaneously limited by topological damping
(Magnus force), Gilbert damping, spatial distortion, and ultimately by transverse spin waves.

Where can this all lead us? Topological protection, while only partial for an isolated
skyrmion, nonetheless allows to keep these skyrmions metastable at dimensions where per-
pendicular magnets get randomized by thermal fluctuations. This allows us to engineer skyrmions
as tiny, mobile magnets with linear, current-tunable speeds. We can then use these magnets to
do unary computing, encoding information in the analog spatial location of a single skyrmion
along a racetrack, without the need for skyrmion creation or destruction. Skyrmions driven
efficiently along racetracks, their quasi-linear operation and topologically stabilized lifetimes
at ultra-small sizes can potentially function as temporal memory in race logic for rapid pattern
matching and intermittent-sensor processing applications. I will discuss some of the practi-
cal challenges that need to be overcome, and the considerable payoffs that can come with
overcoming those challenges.

61



T38 Tue, 20 July, 14:00 - 14:30, 3 session

Using Boson Sampling for Efficient Simulation of Molecular Spectra on
a Small Quantum Processor

Steven Mark Girvin

Yale University, PO Box 208333, New Haven 06520-8333, USA

‘Circuit QED’ is non-linear quantum optics extended to superconducting electrical circuits
and represents a leading architecture for the eventual creation of large-scale fault-tolerant
quantum computers. Recent remarkable theoretical and experimental progress in our ability
to measure and manipulate the quantum states of individual microwave photons is leading
to novel applications in quantum information processing, bosonic quantum error correcting
codes and quantum simulations of bosonic systems. In this talk I will discuss how the abil-
ity to make repeated quantum non-demolition (QND) measurements of photon numbers al-
low accurate quantum simulation of the vibrational spectra (Franck-Condon factors) of small
molecules using efficient boson sampling.

[1] ’Efficient multi-photon sampling of molecular vibronic spectra on a superconducting bosonic
processor,’ Christopher S. Wang, Jacob C. Curtis, Brian J. Lester, Yaxing Zhang, Yvonne
Y. Gao, Jessica Freeze, Victor S. Batista, Patrick H. Vaccaro, Isaac L. Chuang, Luigi Frun-
zio, Liang Jiang, S. M. Girvin, and Robert J. Schoelkopf, Phys. Rev. X 10, 021060 (2020).
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Fri, 23 July, 9:30 - 10:00, 1 Session T39
Non-adiabatic Berry connection, the mediator of energy, momentum,

and angular-momentum transfer between electrons and nuclei

E.K.U. Gross

The Hebrew University of Jerusalem, Edmond Safra Campus, Jerusalem, Israel

The quantum dynamics of molecules and solids often involves an electronic excitation fol-
lowed by nuclear motion on a somewhat slower time scale. Some of the most fascinating phe-
nomena in physics and chemistry, such as the process of vision or the Nobel-prize-winning
femto-chemistry experiments of Ahmed Zewail are of this kind. Also processes in molecular
junctions may be similar, when an applied voltage leads to an electron current through the
junction which then triggers nuclear motion, e.g. a perpetual rotation of the molecule rep-
resenting a nano "water wheel". What is common to these processes is that, after electronic
excitation, energy, momentum or angular momentum is transferred from the electronic to the
nuclear subsystem (and sometimes back). Usually these processes are non-adiabatic, i.e. they
cannot be described by the motion of nuclei on a single Born-Oppenheimer surface. To tackle
this situation we deduce an exact factorization [1] of the fully correlated electron-nuclear wave
function into a purely nuclear part and a many-electron wave function which parametrically
depends on the nuclear coordinates and which has the meaning of a conditional probability
amplitude. The variational principle leads to formally exact equations of motion for these two
wave functions. The electronic equation is involves non-Hermitian operators which yield a
very efficient way to describe and control electronic decoherence [2] in laser-induced isomer-
ization processes. The dynamics of the nuclear subsystem is described by a time-dependent
Schroedinger equation which contains a single time-dependent scalar potential energy surface
and a vector potential which has the structure of a Berry connection. It turns out that this
"non-adiabatic Berry connection" plays a crucial role in the transfer of energy, momentum
and angular momentum from the electronic subsystem to the nuclei. In the classical limit,
and likewise in the nuclear Ehrenfest equations, the vector potential leads to an electric-like
force and to a Lorentz force with a magnetic-like field given by the associated Berry curva-
ture. Consequences of these unusual forces will be explored [3]. The exact vector potential
leads to a molecular "non-adiabatic Berry phase" whose calculation does not invoke the Born-
Oppenheimer approximation. The value of this exact Berry phase, depending on system, may
differ significantly from the standard Born-Oppenheimer molecular Berry phase.[4]

[1] A. Abedi, N.T. Maitra, E.K.U. Gross, Phys. Rev. Lett. 105 (2010) 123002.

[2] S.K. Min, F. Agostini, E.K.U. Gross, Phys. Rev. Lett. 115 (2015) 073001.

[3] A. Scherrer, F. Agostini, D. Sebastiani, E.K.U. Gross, R. Vuilleumier, Phys. Rev. X 7
(2017) 031035.

[4] S.K. Min, A. Abedi, K.S. Kim, E.K.U. Gross, Phys. Rev. Lett. 113 (2014) 263004.
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T40 Thu, 22 July, 14:40 - 15:00, 3 Session

Biosensing applications of quantum emitters in diamond and phosphors

Philip Hemmer

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

Fluorescent nanoparticles can probe biological processes on the nanoscale. In some systems
the potential exists for quantum-enhanced sensing. I will give a brief overview of the field with
emphasis on what is still needed. Then I will discuss some particular examples of fluorescent
diamond and upconversion phosphor particles that have showed recent promise in these areas.
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Tue, 20 July, 12:20 - 12:40, 2 session T41
Andreev reflection of fractional quantum Hall quasiparticles

Masayuki Hashisaka2,3, Thibaut Jonckheere1, Takafumi Akiho2, Satoshi Sasaki2, Jérôme
Rech1, Thierry Martin1, and Koji Muraki2

1Centre de Physique Théorique - CNRS, Campus de Luminy, case 907, 13009 Marseille,
France

2NTT Basic Research Laboratories, NTT Corporation, 3-1 Morinosato-Wakamiya, Atsugi,
Kanagawa 243-0198, Japan

3JST, PRESTO, 4-1-8 Honcho, Kawaguchi, Saitama 332-0012, Japan

Electron correlation in a quantum many-body state appears as peculiar scattering behaviour
at its boundary, symbolic of which is Andreev reflection at a metal-superconductor interface.
Despite being fundamental in nature, dictated by the charge conservation law, however, the
process has had no analogues outside the realm of superconductivity so far. Here, we report
the observation of an Andreev-like process originating from a topological quantum many-
body effect instead of superconductivity. A narrow junction between fractional and integer
quantum Hall states shows a two-terminal conductance exceeding that of the constituent frac-
tional state. This remarkable behaviour, while theoretically predicted more than two decades
ago but not detected to date, can be interpreted as Andreev reflection of fractionally charged
quasiparticles. The observed fractional quantum Hall Andreev reflection provides a funda-
mental picture that captures microscopic charge dynamics at the boundaries of topological
quantum many-body states.[1]

[1] M. Hashisaka et al., Nature Communications 12, 2794 (2021)
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T42 Mon, 19 July, 15:00 - 15:20, 3 session

Thermodynamics of Mesoscopic Superconductors

Peter D. Keefe

University of Detroit Mercy, 4001 W. McNichols Ave., Detroit, Michigan USA

The superconductive phase transition involves thermal and electrodynamic relaxation pro-
cesses of the control variables, the electrodynamic relaxation being three orders of magnitude
faster than the thermal relaxation. This potentially renders the time differences of the control
variables observable in the mesoscopic size range. [1-3]

An experiment [4] that investigated magnetization change during the phase transition of a
mesoscopically sized tin specimen will be used to extrapolate the thermodynamics.

[1] P.D. Keefe, Quantum mechanics and the second law of thermodynamics: an insight gleaned
from magnetic hysteresis in the first order phase transition of an isolated mesoscopic size
Type I superconductor, T151, 014029, IOP Publishing (2012).

[2] P.D. Keefe, Quantum limit to the second law by magneto-caloric effect, adiabatic phase
transition of mesoscopic-size Type I superconductor particles, Physica E, Vol. 29, Oct.
2005, Pgs. 104-110.

[3] P.D. Keefe, Second Law Implications of a Magnetocaloric Effect Adiabatic Phase Transi-
tion of Type I Superconductor Particles, Journal of Modern Optics, V. 51, No. 16-18, pgs.
2727-2730, 10-12/2004.

[4] O.S. Lutes and E. Maxwell, Superconducting Transitions in Tin Whiskers, Phys. Rev., 97,
1718 (1955).
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Mon, 19 July, 16:10 - 16:30, 4 session T43
Getting rid of nonlocality from quantum physics through Bohr’s

complementarity

Andrei Khrennikov

Linnaeus University, Center for Math Modeling in Physics and Cognitive Science, P.G.
Vägen, Växjö, Sweden

This talk is aimed to dissociate nonlocality from quantum theory [1]. We demonstrate that the
tests on violation of the Bell type inequalities are simply statistical tests of local incompatibil-
ity of observables. In fact, these are tests on violation of the Bohr complementarity principle.
Thus, the attempts to couple experimental violations of the Bell type inequalities with “quan-
tum nonlocality” is really misleading. These violations are explained in the quantum theory as
exhibitions of incompatibility of observables for a single quantum system, e.g., the spin pro-
jections for a single electron or the polarization projections for a single photon. Of course, one
can go beyond quantum theory with the hidden variables models (as was suggested by Bell)
and then discuss their possible nonlocal features. However, conventional quantum theory is
local.

[1] A. Khrennikov, Entropy 21 (2019) 806.
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T44 Tue, 20 July, 11:40 - 12:00, 2 session

Charging and Thermal Hall Effect in Superconductors

Marie Ohuchi1, Hikaru Ueki2, Ezekiel Sambo Joshua1, Wataru Kohno1, Hiroki Morita1, and
Takafumi Kita1

1Hokkaido University, Sapporo, Kita 10 Nishi 8, Sapporo 060-0810, Japan
2Department of Mathematics and Physics, Hirosaki University, Hirosaki 036-8561, Japan

We present a talk about recent theoretical progress of our understanding on the charging
and thermal Hall effect in superconductors, which has been brought about based on the aug-
mented quasiclassical equations of superconductivity. The two phenomena are both outside
the description of the standard Ginzburg-Landau and quasiclassical Eilenberger equations, for
which we need to incorporate the next-to-the-leading order corrections. The resulting aug-
mented quasiclassical equations have proved to be quite powerful in elucidating presence of
new and/or unexpected phenomena in superconductors. They include inhomogeneous charg-
ing in the Abrikosov lattice that is superimposed on the magnetic-field distribution, intrinsic
charging near the surface of d-wave superconductors, and a drastic enhancement of thermal
Hall angle in d-wave superconductors at low temperatures. They will be discussed in detail
together with the theoretical formalism for calculating them.

[1] H.Ueki, H. Morita, M. Ohuchi, and T. Kita, Phys. Rev. 101, 184518 (2020). “Drastic
enhancement of the thermal Hall angle in a d-wave superconductor”

[2] E. S. Joshua, H. Ueki, W. Kohno, and T. Kita, J. Phys. Soc. Jpn. 89, 104702 (2020).
“Zero-Field Surface Charge Due to the Gap Suppression in d-Wave Superconductors”

[3] M. Ohuchi, H.Ueki, and T. Kita, arXiv:2011.04856 “Charging in the Abrikosov lattice of
type-II superconductors”
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Tue, 20 July, 9:00 - 9:30, 1 session T45
Coarse-graining discrete stochastic models of biochemical systems

David Seiferth, Peter Sollich, and Stefan Klumpp

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

Many biological systems can be described by finite Markov models. Here we discuss methods
for simplifying such models and present a method that is based on merging adjacent states.
The approach preserves the steady-state probability distribution and all steady-state fluxes
except the one between the merged states. A hierarchy of different levels of coarse graining
of the underlying microscopic dynamics can be obtained by iteratively merging nodes. The
tradeoff between the resulting simplification due to coarse-graining and the information loss
relative to the original model provides a criterion for an optimal level of coarse-graining.

As a case study, the method is applied to the cycle kinetics of the molecular motor ki-
nesin, where the optimally coarse-grained model is dependent on the load force, reflecting the
different dominant chem-mechanical cycles under different load forces.

[1] D. Seiferth, P. Sollich, and S. Klumpp, Coarse graining of biochemical systems described
by discrete stochastic dynamics, Phys. Rev. E 102, 062149 (2020).
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T46 Thu, 22 July, 11:20 - 11:40, 2 Session

Three-body correlations in nonlinear response of correlated quantum
liquid

Kensuke Kobayashi

The University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo 113-0033, Japan

Understanding the properties of correlated quantum liquids is a fundamental issue of con-
densed matter physics. Even in such a correlated case, fascinatingly, we can tell that the
equilibrium fluctuations of the system govern its linear response to an external field, relying
on the fluctuation dissipation relations based on the two-body correlations. To go beyond this
well-established regime, the three-body correlations come into the game as we see in various
physical systems.

Here, we investigate a quantum dot in the Kondo regime, which is a controllable realiza-
tion of such a correlated quantum liquid [1]. We achieve the Kondo effect in the unitary limit
and quantitatively measure the three-body correlations and their role in the non-equilibrium
regime, which perfectly validates recent results of the Fermi liquid theory [2-5]. We demon-
strate its importance when time-reversal symmetry is broken, solving a long-standing puzzle
of the Kondo systems under the magnetic field [3].

The demonstrated method to relate three-body correlation and non-equilibrium transport
opens a way for further investigation of the dynamics of quantum many-body systems.

This work was performed in collaboration with T. Hata, Y. Teratani, T. Arakawa, S.-H.
Lee, M. Ferrier, R. Deblock, R. Sakano, and A. Oguri.

[1] T. Hata, Y. Teratani, T. Arakawa, S. Lee, M. Ferrier, R. Deblock, R. Sakano, A. Oguri, and
K. Kobayashi, Nature Comm. 12, 3233 (2021).

[2] C. Mora, C. P. Moca, J. von Delft, and G. Zaránd, Phys. Rev. B 92, 075120 (2015).

[3] M. Filippone, C. P. Moca, J. von Delft, and C. Mora, Phys. Rev. B 95, 165404 (2017).

[4] A. Oguri and A. C. Hewson, Phys. Rev. Lett. 120, 126802 (2018).

[5] A. Oguri and A. C. Hewson, Phys. Rev. B 97, 035435 (2018).
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Fri, 23 July, 14:00 - 14:30, 3 Session T47
Quantum optics with ultra-narrow nuclear resonances

Farit V. Vagizov1,2, Xiwen Zhang3, Yevgeny V. Radyonychev4, Ilias R. Khairulin4, Vladimir
A. Antonov4, Yuri V. Shvyd’ko5, and Olga Kocharovskaya1

1Department of Physics and Astronomy, Texas A&M University, 4018 Decatur Drive,
College Station, USA

2Department of Physics, Kazan Federal University, Russian Federation
3Department of Physics, University of Toronto, Canada

4Institute of Applied Physics, Nizhny Novgorod, Russian Federation
5Argonne National Laboratory, USA

Narrow optical resonances corresponding to the quantum transitions in atoms, molecules,
quantum dots, rare-earth doped crystals and color centers are in the basis of quantum op-
tics with a broad range of its applications in frequency standards, quantum sensors, quantum
communication and simulation, etc. Comparable or even much higher quality factors (such as
1012 in 57Fe or 1019 in 45Sc) are intrinsically inherent to the nuclear recoilless resonances
at the hard x-ray frequencies. Moreover, such high-quality nuclear resonances occur at room
temperature in solids. However, the direct realization of the quantum optical concepts such
as Autler-Towns splitting, EIT and optical quantum memories in the nuclear ensembles is
challenging due to the absence of the relatively bright spectrally narrow hard x-ray radiation
sources as well as high quality cavities. Nevertheless, several alternative techniques, devel-
oped in the second part of the 20th century (see [1-3] and the references there in), can be used
for efficient acoustic/magnetic control of the quantum interfaces between the x-ray photons
and nuclear ensembles. In this talk we discuss our recent demonstration of the phenomenon
of the acoustically induced transparency [4,5], as well as the recent proposals for realization
of quantum memory and spectral intensity enhancement [6] in the hard X-ray range. F,G.
V., Y.S., and O.K. appreciate the support by the NSF, grant number PHY-2012194. Y.V. R.,
I.R.K., and V.A.A. acknowledge support by the Ministry of Science and Higher Education
of the Russian Federation under Contract No. 14.W03.31.0032 (numerical studies). Y.V.R.
acknowledges financial support of his analytical studies from the Government of the Rus-
sian Federation (Mega-Grant No. 14.W03.31.0028). I.R.Kh. acknowledges support by the
Foundation for the Advancement of Theoretical Physics and Mathematics “BASIS”.

[1] Yu. V. Shvyd’ko and G. V. Smirnov, J. Phys. Condens. Matter 4, 2663 (1992).

[2] Yu. V. Shvyd’ko, et al., Phys. Rev. Lett. 77, 3232 (1996).

[3] G.V. Smirnov et al., Phys. Rev. A 71, 023804 (2005).

[4] Y. V. Radeonychev et al., Phys. Rev. Lett. 124, 163602 (2020).

[5] I. R.Khairulin,et.al.,Sci Rep 11,7930 (2021).https://doi.org/10.1038/s41598-021-86555-x

[6] X. Zhang et al., Phys. Rev. Lett. 123, 250504 (2019).
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T48 Wed, 21 July, 11:30 - 11:50, 2 session

Characterizing Quantum Many-Body States via Entanglement
Hamiltonian Learning

Christian Kokail

Institute for Quantum Optics and Quantum Information - Innsb, Technikerstraße 21a 6020
Innsbruck, Austria, Innsbruck (6020), Austria

The experimental characterization and quantification of entanglement properties, and the en-
tanglement spectrum in particular, play a major role in our understanding of modern quantum
many body physics in the lab. For most quantum lattice systems of interest, the reduced
density matrix % of the lattice is described by a thermal state of a quasi-local Entanglement
Hamiltonian % = exp(- β H). As a I will show in this talk, the parametrization of the reduced
density matrix in terms of the Entanglement Hamiltonian allows for the determination of en-
tanglement properties like the Schmidt-decomposition with a drastically reduced number of
measurements. Furthermore it enables efficient quantum protocols to determine the Entangle-
ment Hamiltonian whose properties can be investigated on the quantum device without any
additional classical post-processing steps. Finally, I will provide prospects that learning of
local Hamiltonians has the potential of verifying quantum simulators in a regime inaccessible
to classical simulations.
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Fri, 23 July, 14:30 - 14:50, 3 Session T49
Plasmon assisted Cooper pair formation at room temperature

Norbert Kroo and Peter Racz

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

Electron pair formation is the basis of low temperature superconductivity. Such pair formation
phenomenon has been theoretically forecasted also for electron-electron scattering processes
in strong electromagnetic fields. In the present work the strong electromagnetic fields were
created by femtosecond Ti:Sa lasers, used to excite surface plasmons in gold films at room
temperature in the Kretschmann geometry. Studies were conducted using a surface plasmon
near field scanning tunneling microscope, measuring it’s response to the excitation at plas-
monic hot spots on the gold surface, and an electron time-of-flight spectrometer, measuring
the spectra of multi-plasmon emitted electrons as the function of exciting laser intensity. Nar-
row periodic „resonances” have been found in the time-of-flight spectra of electrons, with
anomalies in the laser intensity range, where electron pairing has been found, since in this
laser intensity range, some of the also periodic in time, but less frequent narrow peaks have
been detected. They are about twice as intense as the remaining ones, indicating the simulta-
neous detection of two electrons. These electrons could be emitted only from Cooper pairs,
since in our and other’s understanding this observation can not be interpreted in any other
way [1,2]. In this laser intensity range the Meissner-effect has also been observed. Detailed
analysis of both the STM and TOF findings are presented.

[1] P. Racz, N. Kroo: Physics of Wave Phenomena 27(3), pp. 1-5 (2019)

[2] K.A. Kouzakov, J. Berakdar: PRL 91, 257007 (2003)
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T50 Wed, 21 July, 10:00 - 10:30, 1 session

Unitary and Non-Unitary Few-Mode Heat Machines

Gershon Kurizki1, Tomas Opatrny2, and Avijit Misra1

1The Weizmann Institute of Science, 2 Herzl Str., Rehovot 76100, Israel
2Olomouc University, Czech Republic

The enormous number of hot and cold bath modes involved in standard heat machines (HM)
justifies their thermodynamic description. Anomalous, non-thermal/coherent bath effects can
strongly boost HM performance [1-3], but these HM, as their standard counterpart, are still
treated as dissipative, open systems. Recently, we have changed the accepted paradigm by
considering HM involving only few hot and cold "bath" modes at the same frequency. This
allows their exact quantum analysis, without resorting to open-system approaches. Within
the new paradigm, we have introduced [4] the concept of non-unitary work extraction from
single-mode thermal noise by homodyne measurements followed by unitary manipulation of
the post-measured state. For thermal noise with more than 1 quantum on average, optimized
measurements can yield heat to work conversion with efficiency that approaches unity when
the mean number of quanta is well above 1. This protocol is substantially superior to exist-
ing concepts of information and heat engines. Alternatively, we propose a fully coherent or
unitary principle of operating HM by mixing few hot and cold modes in Kerr-nonlinear inter-
ferometers. Such devices enable heat to work conversion (or vice versa) in a selected mode
at the expense of other modes. They are autonomous and require no information input. By
breaking the dissipative HM paradigm, we can track the transition from coherent dynamics
to thermodynamics as the number of "bath" modes grows. This may pave the way to new
technologies of energy conversion.

[1] W. Niedenzu, V. Mukherjee, A.Ghosh, AG Kofman and G. Kurizki, Nature Commun. 9,
1 (2018)

[2] A.Ghosh, D. Gelbwaser, W. Niedenzu, A.I. Lvovsky, I. Mazets, MO.Scully and G.Kurizki,
PNAS 115, 9941 (2018)

[3] A.Ghosh, CL Latune, L.Davidovich and G.Kurizki, PNAS 114, 12156 (2017)

[4] T.Opatrny, A.Misra and G.Kurizki, PRL in press);arxiv 2106.09653
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Thu, 22 July, 11:00 - 11:20, 2 Session T51
Pseudo-modes for bosons and fermions

Neill Lambert1, Mauro Cirio2, Shahnawaz Ahmed3, Po-chen Kuo4, and Franco Nori1,5

1RIKEN, 2-1 Hirosawa, Wakoshi, Japan
2Graduate School of China Academy of Engineering Physics, Haidian District, Beijing,

100193, China
3Wallenberg Centre for Quantum Technology, Department of Microtechnology and

Nanoscience, Chalmers University of Technology, 412 96, Gothenburg, Sweden
4Department of Physics, National Cheng Kung University, Tainan 70101, Taiwan

5Department of Physics, University of Michigan, Ann Arbor, MI, 48109-1040, USA

Pseudo-mode mappings of continuum environments to discrete modes have recently received
new attention after earlier limitations to the method were overcome [1]. Here we summarize
these improvements, focusing on the peculiar non-physical nature of some of the modes, and
illustrate applications to zero and finite temperature open-quantum-system problems involving
bosonic and fermionic environments. Comparisons to the hierarchical-equations-of-motion
method [2] suggest pseudo-modes can be used to study a range of problems in many-body
waveguide QED, quantum thermodynamics, light-harvesting in photosynthetic complexes,
single-molecule electronics, and quantum control.

[1] N. Lambert, S. Ahmed, M. Cirio and F. Nori, Nature Communications 10, (2019), 3721.

[2] N. Lambert et al. arXiv preprint arXiv:2010.10806 (2020).
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T52 Wed, 21 July, 9:00 - 9:30, 1 session

From Generalized Resource Theories of Quantum Thermodynamics to
Novel Quantum Thermometry

Maciej Andrzej Lewenstein

ICFO – The Institute of Photonic Sciences, ICREA, C.F. Gauss 3, Castelldefels 08860, Spain
ICREA, Lluís Companys 23, E-08010 Barcelona, Spain

In my talk I will review recent efforts of ICFO Quantum Optics Group in the field pf quantum
thermodynamics. First, I will start by discussing generalized laws of thermodynamics in
the presence of system-bath correlations, as well as thermodynamics as a consequence of
information conservation. Second, I will discuss resource theory of heat and work with non-
commuting charges, providing yet another new foundation of thermodynamics. Resource
theory with two baths will allow to demonstrate the possibility of attaining Carnot efficiency
with quantum and nanoscale heat engines. Third, I will discuss quantum engines that deliver
maximum power with Carnot efficiency in one-shot finite-size regime. I will relate these
results to the general bounds on the capacity and power of quantum batteries. Finally, time
permitting, I will review our proposals to use Bose polarons, or more generally impurities in
an ultracold Bose gas to measure ultra-precisely ultralow temperatures.
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Fri, 23 July, 11:00 - 11:20, 2 Session T53
Experimental verification of a reversed Clausius inequality in a closed

system

Daniel Mayer2, Eric Lutz1, and Artur Widera2

1University of Stuttgart, Institute for Theoretical Physics I, 70550 Stuttgart, Germany
2Department of Physics and Research Center OPTIMAS, Technische Universität

Kaiserslautern, Germany

Thermodynamic inequalities characterize the direction of nonequilibrium processes. A promi-
nent example is the Clausius inequality that lower bounds a change in entropy by the ratio of
supplied heat and temperature. However, this result presupposes that a system is in contact
with a heat bath that drives it to a thermal state. For initially isolated systems that are moved
from an equilibrium state by a dissipative heat exchange, the Clausius inequality has been pre-
dicted to be reversed. We here experimentally investigate the nonequilibrium thermodynamics
of an initially isolated dilute gas of ultracold Cesium atoms that can be either thermalized or
pushed out of equilibrium by means of laser cooling techniques. We determine in both cases
the phase-space dynamics by tracing the evolution of the gas with position-resolved fluores-
cence imaging, from which we evaluate all relevant thermodynamic quantities. We confirm
the validity of the usual Clausius inequality for the first process and of the reversed Clausius
inequality for the second transformation. Our findings provide important insight into thermo-
dynamic inequalities, and the associated direction of nonequilibrium processes, in nanoscopic
systems that do not equilibrate on their own.
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T54 Fri, 23 July, 17:40 - 18:10, 5 Session

Hyperbolic band theory

Joseph Maciejko1 and Steven Rayan2

1Department of Physics & Theoretical Physics Institute (TPI), University of Alberta,
Edmonton, Alberta T6G 2E1, Canada

2Department of Mathematics and Statistics & Centre for Quantum Topology and Its
Applications (quanTA), University of Saskatchewan, Saskatoon, Saskatchewan S7N 5E6,

Canada

The notions of Bloch wave, crystal momentum, and energy bands are commonly regarded as
unique features of crystalline materials with commutative translation symmetries. Motivated
by the recent realization of hyperbolic lattices in circuit quantum electrodynamics, we exploit
ideas from algebraic geometry to construct the first hyperbolic generalization of Bloch theory,
despite the absence of commutative translation symmetries. For a quantum particle propa-
gating in a large class of hyperbolic lattice potentials, we construct a continuous family of
eigenstates that acquire Bloch-like phase factors under a discrete but noncommutative group
of hyperbolic translations, the Fuchsian group of the lattice. A hyperbolic analog of crystal
momentum arises as the set of Aharonov-Bohm phases threading the noncontractible cycles
of a higher-genus Riemann surface that is naturally associated with this group. This crystal
momentum lives in a higher-dimensional Brillouin zone torus, known in algebraic geometry
as the Jacobian of the Riemann surface, and over which a discrete set of continuous energy
bands can be computed. Familiar concepts such as particle-wave (Fourier) duality, point-
group symmetries, and the tight-binding approximation are likewise generalized to hyperbolic
lattices. We demonstrate our theory by explicitly computing hyperbolic Bloch wavefunctions
and bandstructures numerically for hyperbolic lattice potentials associated with a particular
Riemann surface of genus two, the Bolza surface.
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Tue, 20 July, 11:20 - 11:40, 2 session T55
Hall Effect and the problem of "hidden momentum"

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

It is a generally accepted fact that electromagnetic field carries energy and momentum. If
it interacts with a material system, momentum originally stored in the field may be partially
converted into ordinary mechanical momentum of the ponderable system. While for quickly
oscillating electromagnetic fields such a conversion of electromagnetic momentum into me-
chanical one was made clear by numerous theoretical studies and confirmed by convincing
experimental evidence of the light pressure, for the case of purely static electromagnetic fields
is the situation quite different. Since it is very difficult in this case to localize the converted
momentum of non-electromagnetic nature within the material system, the term “hidden mo-
mentum” is traditionally used. Moreover, the effect is as a rule very subtle, of order of∼ 1/c2,
so that till now it has been studied only theoretically and has never been demonstrated experi-
mentally. However, in this contribution we will show, that ordinary Hall Effect devices repre-
sent material systems where the momentum balance between static electromagnetic field and
electronic subsystem is relatively easy to treat, both theoretically and experimentally. This
circumstance may be helpful for resolution of controversies related to the momentum of static
electromagnetic fields.
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T56 Tue, 20 July, 8:30 - 9:00, 1 session

Ionic Coulomb blockade and selectivity in biological ion channels

William A. T. Gibby1, Miroslav L. Barabash1, Carlo Guardiani1,5, Olena A. Fedorenko3,4,
Stephen K. Roberts3, Dmitry G. Luchinsky1,2, and Peter V. E. McClintock1

1Department of Physics, Lancaster University, Lancaster, LA1 4YB, United Kingdom
2KBR Inc., Ames Research Center, Moffett Field, Mountain View, California 94035, USA
3Division of Biomedical and Life Sciences, Lancaster University, Lancaster LA1 4YQ, UK
4Ion Channels Group, Discovery, Charles River Laboratories, Chesterford Research Park,

CB10 1XL, UK
5Department of Mechanical and Aerospace Engineering, Sapienza University, 00185 Rome,

Italy

Biological ion channels are essential to life in all its forms. By enabling the selective transfer
of ions across lipid bilayers, they facilitate the establishment of intracellular media compatible
with the biochemical reactions essential for replication and metabolism. Their selectivity is
known to be associated with fixed negative charge Qf in a narrow part of the channel called
the selectivity filter. Remarkably, many properties of ion channels can now be understood [1]
by analogy with the physics of quantum dots: e.g. Coulomb blockade oscillations in quantum
dots correspond to the alternating conduction bands and stop bands seen for ions in channels
as Qf is varied (emergent phenomena, quite unexpected from known channel structure). The
first systematic experimental and numerical tests of the ionic Coulomb blockade picture [2]
will be discussed together with recent work developing a fundamental statistical theory [3] of
the conduction process.

[1] I. Kh. Kaufman, P. V. E. McClintock, and R. S. Eisenberg, New J. Phys. 17 (2015) 083021.

[2] O. A. Fedorenko, I. Kh. Kaufman, W. A. T. Gibby, M. L. Barabash, D. G. Luchinsky, S.
K. Roberts, and P. V. E. McClintock, Biochim. Biophys. Acta 1862 (2020) 183301.

[3] W. A. T. Gibby, M. L. Barabash, C. Guardiani, D. G. Luchinsky, and P.V.E. McClintock,
Phys. Rev. Lett. 126 (2021) 218102.
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Thu, 22 July, 12:00 - 12:20, 2 Session T57
Measuring entropies of exotic quasi-particles?

Yigal Meir

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

In recent years many candidate setups have been proposed to support exotic quasi-particles,
such as Majorana fermions (MFs), which may be relevant for quantum computing, but whether
these particles have been observed experimentally is currently the topic of vivid debate. En-
tropy measurements can unambiguously separate these quasi-particles from other, simpler
excitations. The entropy of a MFs is, for example, log2 /2 (in units of the Boltzman constant),
a fractional value that cannot be attributed to a localized excitation. However, standard en-
tropy measurements applicable to bulk systems cannot be utilized in measuring the additional
entropy of a mesoscopic device, which may be due to less than a single electron in the de-
vice. In this talk I will describe recent theoretical and experimental progress in performing
such measurements, either using thermopower and/or using the Maxwell relations. Particular
examples will be single and double quantum dots in the Coulomb blockade regime. Lastly I
will show how the formalism has been generalized to deduce the entropy from conductance
measurements, and, applying it to a setup where two and three-channel Kondo physics have
been previously observed, yields the fractional entropy of a single MF and a single Fibonacci
anyon.
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T58 Thu, 22 July, 15:50 - 16:20, 4 Session

Negative Casimir Entropies and their Implications

Kimball A. Milton1, Yang Li2, and Prachi Parashar3

1University of Oklahoma, H.L. Dodge Department of Physics and Astronomy, 440 West
Brooks, Norman 73019, USA

2Dept. of Physics, Nanchang University, Nanchang 330031 China
3John A. Logan College, Centerville, IL 62918 USA

It has been recognized for some time that even for perfect conductors, the interaction Casimir
entropy, due to quantum/thermal fluctuations, can be negative. This result was not considered
problematic because it was thought that the self-entropies of the bodies would cancel this neg-
ative interaction entropy, yielding a total entropy that was positive. In fact, this cancellation
seems not to occur. The positive self-entropy of a perfectly conducting sphere does indeed
just cancel the negative interaction entropy of a system consisting of a perfectly conducting
sphere and plate, but a model with weaker coupling in general possesses a regime where neg-
ative self-entropy appears. The physical meaning of this surprising result remains obscure.
In this presentation we re-examine these issues, using improved physical and mathematical
techniques, partly based on the Abel-Plana formula, and present numerical results for arbi-
trary temperatures and couplings, which exhibit the same remarkable features. The extension
of these results to include dissipation, and the significance of such a negative self-entropy is
being explored.
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Thu, 22 July, 9:30 - 10:00, 1 Session T59
Experiments on open quantum systems made of superconducting qubits

with tunable coupling to their environment

Mikko Möttönen1,2, Roope Kokkoniemi1,5, Jean-Philipper Girard1, Arto Viitanen1, Kassius
Kohvakkka1, Timm Mörstedt1, Matti Silveri1, Maté Jenei1,5, Vasilii Sevriuk1,5, Kuan Yen

Tan1,5, Dibyendu Hazra1,2, Antti Laitinen3,6, Joonas Govenius1,2, Russell Evan Lake1,7, Antti
Karjasilta1, Iiro Sallinen1, Visa Vesterinen1,2, Matti Partanen1,5, Ji Yu Tan4, Kok Wai Chan5,

Wei Liu1,5, Pertti Hakonen3, Suman Kundu1, Jan Goetz1,5, Leif Grönberg2, Tapio
Ala-Nissilä1, Vasilii Vadimov1, and Valtteri Lahtinen1

1QCD Labs, QTF Centre of Excellence, Aalto University, Finland
2VTT Technical Research Centre of Finland Ltd, QTF Centre of Excellence, Finland
3Low Temperature Laboratory, QTF Centre of Excellence, Aalto University, Finland

4Centre for Advanced 2D Materials and Graphene Research Centre, National University of
Singapore, Singapore

5IQM, Finland
6Department of Physics, Harvard University, USA

7Bluefors Oy, Finland

We present a quantum-circuit refrigerator [1,2], i.e., a tunneling device that can be used to
adjust on demand the dissipation of a superconducting quantum electric circuit. In our most
recent experiments, we were able to operate this device in a full rf mode [3], where the energy
needed for such refrigeration is provided by microwaves. In addition, we present ultrasensitive
bolometers based on superconducting proximity effect [4]. Our bolometers have reached
measured noise equivalent powers of a few tens of zeptojoules per square-root hertz at thermal
time constants of a few hundred nanoseconds. In the calorimetric mode, these sensors show
potential for energy resolutions of a single zeptojoule and well below. These bolometers could
be used in the future as measurement and characterization devices of engineered environments
such as those based on the quantum-circuit refrigerator.

[1] K. Y. Tan, M. Partanen, R. E. Lake, J. Govenius, S. Masuda, and M. Möttönen, Nature
Commun. 8 (2017) 15189.

[2] M. Silveri, S. Masuda, V. Sevriuk, K. Y. Tan, Eric Hyyppä, M. Partanen, J. Goetz, R. E.
Lake, L. Grönberg, and M. Möttönen, Nat. Phys. 15 (2019) 533.

[3] A. Viitanen, M. Silveri, M. Jenei, V. Sevriuk, K. Y. Tan, M. Partanen, J. Goetz, L. Grön-
berg, V. Lahtinen, M. Möttönen, Photon-number-dependent effective Lamb shift, arXiv:2008.08268
(2021).

[4] R. Kokkoniemi, J.-P. Girard, D. Hazra, A. Laitinen, J. Govenius, R. E. Lake, I. Sallinen,
V. Vesterinen, P. Hakonen, and M. Möttönen, Nature 586 (2020) 47.
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T60 Fri, 23 July, 16:20 - 16:40, 4 session

On the way to a demonstration of a T-cubed atom interferometer

Matthias Zimmermann2, Maxim A Efremov2, Wolfgang P Schleich2, Jeffrey P Lee1, and
Frank A Narducci1

1Naval Postgraduate School, Dept. of Physics, 831 Dyer Rd, Monterey, USA
2Institut für Quantenphysik Universität Ulm Albert-Einstein-Allee 11 D-89081 Ulm,

Germany

In this talk, I will discuss a novel atom interferometer with phase that scales as T cubed,
where T is the time between the light pulses that form the atom optics of the interferometer.
Implementation of this interferometer requires that the atoms move in a linear potential, which
we create using an appropriately tailored magnetic field. The magnetic field is imaged using
Raman spectroscopy and details of the techniques to make the field will be discussed. I will
next discuss our techniques to measure Raman and Ramsey spectra in a magnetic field with a
gradient, which includes applying a chirp to the laser system providing the Raman fields. The
spectra are produced and displayed as 2D images and the analysis requires some de-skewing
of our data. Our preliminary measurements on a full atom interferometer showed oscillations
that indeed scaled as T-cubed, but subsequent measurements showed that the oscillations may
not be the effect we seek. The talk will end with a mystery.
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Thu, 22 July, 16:40 - 17:00, 4 Session T61
The interior of astrophysical black holes

Theo M. Nieuwenhuizen

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

A large class of stationary, non-rotating black hole metrics is proposed, in which the interior
is regular with a core consisting of a condensate of Higgs and Z bosons generated from
the nuclear binding energy of the initial H atoms. Gravitational collapse is prevented by
the negative pressures of the Higgs particles and a negative radial pressure due to a small
imbalance in the distribution of electric charges. Non-condensed, thermal particles are present
as well.

The approach holds for masses exceeding 1.5 Neptune masses or 0.000075 solar masses,
hence for all astrophysical black holes. The inner horizon sets an inner core of 11 cm, while
the characteristic radius of the full core is 270 (M/M�)1/3 cm. For increasing charge, the
core expands; for extremal charge, it fills the interior.

While the existence of charged black hole is in doubt, the approach can likely be extended
to rotating black holes. When the rotation is nearly extremal, the core may be exposed in
black hole merging, so that such a black hole acts somewhat like a neutron star, be it with any
mass.

[1] Theo M. Nieuwenhuizen, to appear
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T62 Mon, 19 July, 8:30 - 9:00, 1 session

Quantum Nonlinear Optics without Photons, how to excite two or more
atoms simultaneously with a single photon, and other unusual properties

of ultra-strongly-coupled QED systems

Franco Nori

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

Spontaneous parametric down-conversion is a well-known process in quantum nonlinear op-
tics in which a photon incident on a nonlinear crystal spontaneously splits into two photons.
Here we propose an analogous physical process where one excited atom directly transfers its
excitation to a pair of spatially separated atoms with probability approaching 1. The interac-
tion is mediated by the exchange of virtual rather than real photons. This nonlinear atomic
process is coherent and reversible, so the pair of excited atoms can transfer the excitation
back to the first one: the atomic analog of sum-frequency generation of light. The param-
eters used to investigate this process correspond to experimentally demonstrated values in
ultrastrong circuit quantum electrodynamics. This approach can be extended to realize other
nonlinear interatomic processes, such as four-atom mixing, and is an attractive architecture for
the realization of quantum devices on a chip. We show that four-qubit mixing can efficiently
implement quantum repetition codes and, thus, can be used for error-correction codes.

A few recent references (mostly 2016-2021) on this topic (ultra-strong coupling cavity
QED) are listed below and freely available online at: http://dml.riken.jp/pub/Ultra-strong/

[1] M. Cirio, et al., Ground State Electroluminescence, Phys. Rev. Lett. 116, 113601 (2016)

[2] L. Garziano, et al., 1 Photon Can Simultaneously Excite 2 Atoms, Phys.Rev.Lett (2016)

[3] A.F. Kockum, et al., Quantum nonlinear optics with ... virtual photons, PRA 95 (2017)

[4] M. Cirio, et al., Amplified ... Virtual Radiation Pressure, Phys. Rev. Lett. (2017)

[5] R. Stassi, et al., Quantum Nonlinear Optics without Photons, Phys. Rev. A (2017)

[6] V. Macrì, et al., Dynamical Casimir Effect in Optomechanics ..., Phys. Rev. X (2018)

[7] W. Qin, et al., Exponentially Enhanced Light-Matter Interaction, ..., PRL (2018)

[8] R. Stassi, F. Nori, Long-lasting quantum memories ... , Phys. Rev. A 97, 033823 (2018)

[9] A.F. Kockum, A. Miranowicz, S.D. Liberato, S. Savasta, F. Nori, Ultrastrong coupling
between light and matter, Nature Reviews Physics 1, 19–40 (2019) - Pedagogical Review

[10] O. Di Stefano, et al., Interaction of Mechanical Oscillators Mediated by the Exchange of
Virtual Photon Pairs, Phys. Rev. Lett. 122, 030402 (2019)

[11] O. Di Stefano, et al., Resolution of gauge ambiguities in ultrastrong-coupling cavity quan-
tum electrodynamics, Nature Physics 15, pp. 803–808 (2019)

[12] V. Macrì, F. Nori, A.F. Kockum, Bell and GHZ states in USC circuit QED, PRA (2018)
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Fri, 23 July, 12:40 - 13:00, 2 Session T63
Thermal rectification through a nonlinear quantum resonator

Bibek Bhandari1, Paolo Andrea Erdman1, Rosario Fazio2, Elisabetta Paladino3, and Fabio
Taddei4

1NEST, Scuola Normale Superiore and Istituto Nanoscienze-CNR, I-56126 Pisa, Italy
2The Abdus Salam International Centre for Theoretical Physics, Strada Costiera 11, I-34151

Trieste, Italy and Dipartimento di Fisica, Università di Napoli “Federico II”, Monte S.
Angelo, I-80126 Napoli, Italy

3DFA University of Catania; CNR-IMM UOS Catania (Università), INFN Catania, Via
Santa Sofia 64, Catania, Italy

4NEST, Istituto Nanoscienze-CNR and Scuola Normale Superiore, I-56126 Pisa, Italy

We present a systematic study of thermal rectification in a prototypical low-dimensional quan-
tum system - a nonlinear resonator: we identify necessary conditions to observe thermal rec-
tification and we discuss strategies to maximize it. In the strongly anharmonic regime where
the system reduces to a qubit, we derive general upper bounds on rectification in the weak
system-bath coupling regime, and we show how the Lamb shift can be exploited to enhance
rectification. We then go beyond the weak-coupling regime by employing different methods:
(i) including cotunneling processes, (ii) using the nonequilibrium Green’s function formalism,
and (iii) using the Feynman-Vernon path integral approach. We find that the strong coupling
regime allows us to violate the bounds derived in the weak-coupling regime, providing clear
signatures of high-order coherent processes visible in the thermal rectification. In the general
case, where many levels participate to the dynamics, heat rectification is calculated with the
equation of motion method and with a mean-field approximation. We find that the former
method predicts, for a small or intermediate anharmonicity, a larger rectification coefficient.

[1] Bibek Bhandari, Paolo Andrea Erdman, Rosario Fazio, Elisabetta Paladino, Fabio Taddei
Physical Review B 103, 155434 (2021)
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T64 Fri, 23 July, 15:10 - 15:30, 3 Session

Dispersion of a Single Atom Experienced by Single Photon

Yuri Rostovtsev2, Billie DeLuca1, Colin Roy2, and Anil Patnaik1

1Air Force Institute of Technology, AFIT/ENP, 2950 Hobson Way, Wright-Patterson AFB,
USA

2Center for Nonlinear Sciences and Department of Physics, University of North Texas,
Denton, TX 76203, USA

Refractive index of a system is typically considered as the bulk response of a medium to an
incoming electromagnetic field. However, the incoming light would experience the same dis-
persion even with a single atom at the target. In this talk, we will consider propagation of
single photon interacting with a single two-level atom to determine the dispersion behavior
and also calculate the phase and group velocity of the single photon wave packet to further
analyze the dispersion experienced by the single photon. The results are of significant impor-
tance for long-distance quantum communications.
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Fri, 23 July, 11:20 - 11:40, 2 Session T65
Optimal cycles for finite-time Carnot engines

Paolo Abiuso1 and Marti Perarnau-Llobet2

1ICFO – Institut de Ciencies Fotoniques, The Barcelona Institute of Science and
Technology,08860 Castelldefels (Barcelona), Spain

2University of Geneva, Chemin de Pinchat 22, CH-1211 Genève 4, Switzerland

We consider the optimization of a finite-time Carnot engine characterized by small dissipa-
tions. We bound the power with a simple inequality and show that the optimal strategy is to
perform small cycles around a given working point, which can be thus chosen optimally. This
optimal point is independent of the figure of merit combining power and efficiency that is be-
ing maximized. Furthermore, for a general class of dissipative dynamics the maximal power
output becomes proportional to the heat capacity of the working substance. Since the heat ca-
pacity can scale supra-extensively with the number of constituents of the engine, this enables
us to design optimal many-body Carnot engines reaching maximum efficiency at finite power
per constituent in the thermodynamic limit.
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T66 Thu, 22 July, 9:00 - 9:30, 1 Session

Open quantum systems on quantum computers

Francesco Petruccione

University of KwaZulu-Natal, Private Bag X54001, Durban 4000, South Africa

The numerical solution of Markovian master equations can be approached through the un-
ravelling into a corresponding stochastic Schroedinger equation. Here we describe how to
implement the simulation of such a stochastic Schroedinger equation on a noisy Intermediate-
scale quantum computer. As a proof of concept we show how to simulate the unravelling of
various single-qubit and two-qubit master equations on IBMQ hardware.
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Mon, 19 July, 16:30 - 16:50, 4 session T67
“The Observations Obtained under the Specified Circumstances:” What

quantum measurement is, and what it is not.

Arkady Plotnitsky

Purdue University, 500 Oval Drive, West Lafayette, IN, 47907, USA

This paper reconsider the concept of quantum measurement, following Bohr, leading him to
his concept of “phenomena,” as applicable in quantum physics, defined as “the observation
obtained under the specified circumstances.” This concept makes the terms “observation” and
“measurement,” as conventionally understood, inapplicable in considering quantum phenom-
ena. These terms are remnants of classical physics or still earlier history, from which classical
physics inherited it, beginning with the ancient Greek thinking and the rise of geometry there.
As understood here, a quantum measurement does not measure any property of the ultimate
constitution of the reality responsible for quantum phenomena, which this constitution would
be assumed to possess before the act of observation. Hence, the concept of observation re-
quires a different understanding as well. An act of observation in quantum physics establishes
quantum phenomena by an interaction between the instrument and the quantum object, or in
the present view the ultimate constitution of the reality responsible for quantum phenomena
and, at the time of measurement, also quantum objects (with are RWR-type entities as well).
I qualify because in the view, advanced in this paper, in contrast to that of Bohr, quantum
objects are assumed to exist only at the time of measurement and not independently. Then
what is so observed as the data or information can be measured classically, in classical bits,
just as one measures what is observed in classical physics, where, however, what is so mea-
sured could be associated with the object itself considered for all practical purposes. As far as
the observed data or information is concerns a quantum measurement is not a measurement
of anything but a number or bit generator, something akin to a quantum computer created
by our interaction with nature. The paper will also consider a quantum measurement as an
entanglement between the quantum object considered and the measurement instruments, and
implication of this aspect of quantum measurement for the question of quantum nonlocality.
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T68 Thu, 22 July, 14:00 - 14:20, 3 Session

Uncertainty relation for enzymes, resetting systems, and other processes
with irreversible transitions

Arnab Pal2, Shlomi Reuveni2, and Saar Rahav1

1Schulich Faculty of Chemistry, Technion - Israel Institute of Technology, Technion City,
Haifa 32000, Israel

2School of Chemistry, Raymond and Beverly Sackler Faculty of Exact Sciences, Tel Aviv
University, 6997801, Tel Aviv, Israel.

The thermodynamic uncertainty relation (TUR) shows that the fluctuations of currents are
bounded from below by the inverse entropy production. When one or more transitions are
completely irreversible the entropy production diverges, and the TUR becomes non-informative.
We show that additional bounds, which mix entropic and dynamic contributions, hold for such
processes. Crucially, these new bounds are tighter in the presence of irreversible transitions.
A steady-state process with resetting, and a transient first-passage problem are used as exam-
ples. We also discuss the connections between the bounds and the Aldous-Shepp bound that
is often used in statistical kinetics.

[1] A. Pal, S. Reuveni, and S. Rahav, Thermodynamic uncertainty relation for systems with
unidirectional transitions, Phys. Rev. Research, 3, 013273 (2021).

[2] A. Pal, S. Reuveni, and S. Rahav, Thermodynamic uncertainty relation for first-passage
times on Markov chains, arXiv:2103:16578 (2021).
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Wed, 21 July, 18:50 - 19:20, 5 session T69
Quantum gases in free-fall

Ernst M. Rasel

for the QUANTUS/MAIUS cooperation
Leibniz University Hannover, Institute of quantum optics, Welfengarten 1, Hannover,

Germany

Free falling laboratories allow to generate, study and exploit quantum gases and their mixtures
at lowest kinetic energy scales. By exploiting collective excitations in a Bose-Einstein con-
densate (BEC), we succeeded to reduce its total internal kinetic energy in three dimensions to
few tens of Pikokelvins making it an interesting source for interferometry where wave packets
are coherently split and travel for seconds in an interferometer. Vice versa, interferometry is
a powerful method to analyse the expansion of a quantum gas over macroscopic time scales
and to optimize the protocols for manipulating the BECs.

Regarding mixtures, the absence of buoyancy is one of the most intriguing consequences
of weightlessness. On ground gravity breaks symmetry of space and introduces e.g. a pref-
erential axis for the layering and alignment of different types of fluids. The sounding rocket
mission MAIUS-1, being a stepping stone for space-borne coherent atom optics, served to
investigate the generation of Rubidium Bose-Einstein condensates (BECs) in space and their
spatial coherence after release in free fall. Building on this heritage, we prepare a second
mission for investigating the generation of BECs made of potassium (K-41) and rubidium
(Rb-87) and their mixing for comparisons to ground based experiments.

Beyond studies of the behavior of quantum fluids in the absence of buoyancy, both species
will be in future simultaneously exploited for interferometry validating the methods as pro-
posed for a satellite-based quantum test of the universality of Einstein’s principle of equiv-
alence (STE-QUEST mission). The experiments will complement the studies foreseen with
NASA’s Cold Atom Laboratory in the near future and prepare the NASA-DLR Bose-Einstein-
Condensate and Cold-Atom-Laboratory (BECCAL), a future multi-user facility for exploring
quantum mixtures in tailored potentials such as blue detuned boxes.

The QUANTUS experiments and MAIUS missions build on the cooperation between the
groups of C. Lämmerzahl (Univ. Bremen), A. Peters (Humboldt Univ. Berlin/Ferdinand
Braun Institut), T. Hänsch/J.Reichel (MPQ/ENS), K. Sengstock/P. Windpassinger (Univ. Ham-
burg/Univ. Mainz), R. Walser (TU Darmstadt), and W.P. Schleich (Univ. Ulm) and the Leibniz
University Hannover.

This project is supported by the German Space Agency Deutsches Zentrum für Luft- und
Raumfahrt (DLR) with funds provided by the Federal Ministry of Economics and Technology
(BMWI) under grant number DLR 50WM1552-1557 and the Cluster of Excellence Quantum-
Frontiers.
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T70 Tue, 20 July, 12:40 - 13:00, 2 session

Negative Delta-T Noise in the Fractional Quantum Hall Effect

Jerome Rech, Thibaut Jonckheere, Benoit Gremaud, and Thierry Martin

Centre de Physique Theorique, 163 avenue de Luminy, 13009 Marseille, France

Noise is a fundamentally inescapable ingredient of any electronic device. While at first it may
be regarded as a nuisance, it has now been broadly accepted as a key tool to improve our
understanding of nanoscale conductors. Electronic noise is typically broken down into two
contributions associated with different underlying physical phenomena. Thermal (or Johnson-
Nyquist) noise is an equilibrium property, arising at finite temperature from the thermal mo-
tion of electrons. Shot noise manifests itself in a non-equilibrium situation, when current
flows through a conductor, as a consequence of electrons being transmitted or reflected pre-
dominantly on a given side of the device. While this non-equilibrium situation is typically
achieved by imposing a bias voltage on the device, an intriguing alternative was recently un-
covered. Indeed, one can in principle work at zero voltage bias and instead connect the sample
to two reservoirs at different temperatures.

This was realized experimentally using atomic-scale metallic junctions [1], where the au-
thors showed that, while no net current was flowing through the device, as expected, a finite
non-equilibrium noise signal was measured, which they dubbed “delta-T noise”. This pre-
viously undocumented source of noise, distinct from thermoelectric effects, actually corre-
sponds to some form of temperature-activated shot noise: it is purely thermal in origin, but
only generated in a non-equilibrium situation.

Here, we propose to investigate the fate of delta-T noise in a prototypical strongly corre-
lated state, namely the edge states of the fractional quantum Hall effect (FQHE). We study the
current correlations of fractional quantum Hall edges at the output of a quantum point contact
(QPC) subjected to a temperature gradient. Beyond the inherent interest in studying delta-T
noise in such systems, it may help better understanding charge and heat transport in situations
where strong electronic correlations are operating.

We show that the tunneling of Laughlin quasiparticles leads to a negative delta-T noise,
in stark contrast with electron tunneling, a result which arises from the interplay of strong
correlations and fractional statistics [2]. Moreover, varying the transmission of the QPC or
applying a voltage bias across the Hall bar may flip the sign of this noise contribution, yielding
signatures which can be accessed experimentally.

[1] O. Lumbroso, L. Simine, A. Nitzan, D. Segal, and O. Tal. Nature (London) 562, 240
(2018).

[2] J. Rech, T. Jonckheere, B. Grémaud, and T. Martin. Phys. Rev. Lett. 125, 086801, (2020).
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Wed, 21 July, 16:30 - 17:00, 4 Session T71
Effects beyond mean-field in bosonic quantum systems

Stephanie M Reimann

Lund University, Mathematical Physics, Professorsgatan 1, 22100 Lund, Sweden

For long, we know that beyond-mean-field effects are essential when fermions form self-
bound states as in nuclei or metallic clusters. More recently, an analogous yet somewhat
different scenario was realized in experiments with dipolar or binary Bose gases: Self-bound
quantum droplets may form out of a gaseous Bose-Einstein condensate stabilized by quantum
fluctuations (see the Review by Böttcher et al. [1]). I will discuss the formation of vortices and
persistent currents in such self-bound binary boson droplets [2] and comment on implications
of these findings for toroidally confined dipolar [3] and binary bosonic [4,5] systems.

[1] New states of matter with fine-tuned interactions: Quantum droplets and dipolar super-
solids, F. Böttcher et al., Rep. Prog. Phys. 84, 012403 (2020).

[2] Persistent currents in toroidal dipolar supersolids, M. Nilsson Tengstrand et al., Phys.
Rev. A 103, 013313 (2021).

[3] Rotating binary Bose-Einstein condensates and vortex clusters in quantum droplets, M.
Nilsson Tengstrand et al., Phys. Rev. Lett. 123, 160405 (2019).

[4] Breathing mode in two-dimensional binary self-bound Bose-gas droplets, P. Stürmer et al.,
Physical Review A 103, 053302 (2021).

[5] M. Nilsson Tengstrand and S.M. Reimann, to be published.
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T72 Tue, 20 July, 17:00 - 17:20, 4 session

Time-dependent electromagnetics of molecular junctions

Michael Ridley

Tel Aviv University, Chaim Levanon 30, Tel Aviv - Yafo 69978, United Kingdom

In this talk, I will give an overview of recent developments in fast calculations of transient ef-
fects in quantum electronics using the time-dependent Landauer-Büttiker (TDLB) formalism
[1]. First I discuss the generic model of a molecular junction described within the nonequi-
librium Green’s function (NEGF) framework. The switch-on of an arbitrary bias voltage is
described in the case of both (i) the partitioned quench and (ii) the partition-free approach,
which includes the effects of the pre-quench thermalization in the electronic response.

Within the TDLB, it is possible to derive analytic expressions for the first and second
moments of the current for an arbitrary molecule described by a tight-binding Hamiltonian. I
discuss how these are computed, and I propose a tight relationship between the current cross-
correlations to the time taken for electrons to traverse the molecule [2,3].

Usually the sole concern of quantum transport calculations lies with currents, current noise
and particle densities. However, it is possible to reverse this logic and instead use the molec-
ular electronic currents as source terms for the local time-dependent electromagnetic fields.
Recent work has shown how to do this, using a combination of the TDLB and Jefimenko’s
generalization of the Biot-Savart law [4]. As an application of this method, I present cal-
culations done on benzene ring molecules in the ortho, para and meta configurations. The
quantum interference between electron pathways can lead to a sign reversal of local currents
and a strong switching effect in the local magnetic fields. I also present calculations of the
emitted power in the field, showing that quantum effects should be detectable in the local
radiation profile of the molecule.

[1] Ridley, M., MacKinnon, A., & Kantorovich, L. (2015). Current through a multilead
nanojunction in response to an arbitrary time-dependent bias, Physical Review B, 91(12),
125433

[2] Ridley, M., MacKinnon, A., & Kantorovich, L. (2017). Partition-free theory of time-
dependent current correlations in nanojunctions in response to an arbitrary time-dependent
bias, Physical Review B, 95(16), 165440

[3] Ridley, M., Sentef, M. A., & Tuovinen, R. (2019). Electron traversal times in disordered
graphene nanoribbons, Entropy, 21(8), 737

[4] Ridley, M., Kantorovich, L., van Leeuwen, R., & Tuovinen, R. (2021). Quantum inter-
ference and the time-dependent radiation of nanojunctions, Physical Review B, 103(11),
115439
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Thu, 22 July, 13:30 - 14:00, 3 Session T73
Information-to-measurement conversion in DNA pulling experiments

with feedback: from protocols to strategies

Felix Ritort

Small Biosystems Lab, Departament de Física de la Matèria Condensada, Facultat de
Física, Universitat de Barcelona, C/ Martí i Franquès 1, 08028 Barcelona (Spain)

Single-molecule experiments permit us to experimentally test fundamental results in the ther-
modynamics of information in the nanoscale [1]. Recently, we introduced a continuous
Maxwell demon based on multiple measurements of a sDNA hairpin pulled with optical
tweezers [2,3]. Here, I discuss the novel case of discrete and continuous feedback protocols
for dissipation reduction and improved free energy determination (information-to-measurement
conversion) in DNA pulling experiments [4]. It is found that a feedback strategy (defined
as a correlated sequence of feedback protocols) remarkably reduces dissipation enhancing
information-to-measurement efficiency. The study underlines the role of temporal correla-
tions to develop feedback strategies for efficient information-to-energy conversion in small
systems.

[1] F. Ritort, The noisy and marvelous molecular world of biology, Inventions, 4(2) (2019) 24

[2] M. Ribezzi-Crivellari and F. Ritort, Large work extraction and the Landauer limit in the
Continuous Maxwell Demon, Nature Physics 15 (2019) 660–664

[3] J. P. Garrahan and F. Ritort, J. P. Garrahan and F. Ritort, Generalized Continuous Maxwell
Demons, http://arxiv.org/abs/2104.12472, submitted

[4] M. Rico-Pasto, R. K. Schmitt, M. R. Crivellari, J. M. Parrondo, H. Linke, J. Johansson
and F. Ritort, Dissipation reduction and information-to-measurement conversion in DNA
pulling experiments with feedback, submitted
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Quantum control and coherence in 2D materials

Yuri Rostovtsev, Brian Squires, Daniel Brown, and Arup Neogy

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

In 1961, Franken et al. first demonstrated SHG in quartz, which opened the door for non-
linear optical effects. Although the NLO effects of materials are typically inherently weak,
the second-order NLO susceptibility is used for various current optical devices based on bulk
crystal materials (e.g. potassium dihydrogen phosphate, potassium titanyl phosphate, beta
barium borate, lithium niobate), including ultrafast laser generation, ultrafast pulse measure-
ment, optical parametric generation, and optical parametric amplification.

Today, technology is being developed towards miniaturization of photonic and optoelec-
tronic devices for on-chip integration, e.g. on-chip nanophotonics and quantum nanopho-
tonics, which, however, are limited by difficulties of miniaturization, compatibility and inte-
gration of traditional materials on chips. Therefore, for future photonics and optoelectronics
applications, it is significantly important to discover new materials with large SHG responses
that enable novel devices with high performance, small size and low cost.

Recently quantum coherence excited in the materials promises to be able to enhance
nonlinear effects. In particular, the quantum engineering of light-matter interaction at the
nanoscale has evolved from the existing research on exotic electromagnetic properties of ma-
terials and structures with novel shape and size. It has led not only to novel phenomenon
and applications, but has opened up the exceptional potential to tailor, control and manipu-
late light-matter interactions for nanophotonics. Quantum coherence can drastically modify
the optical properties of a media, in particular, absorption practically vanishes even at the
single photon level. The changes in dispersion properties of the medium with excited quan-
tum coherence has been initially studied theoretically and then experimentally demonstrated
in atomic or molecular systems. Coherent interaction of plasmons to excitons in the strong
coupling regime results in nonlinear effects.

In this talk, we report the results on experimental and theoretical studies of the second har-
monic and parametric generation of two-dimensional layered materials. Strong dependence
of intensity of SHG vs pump intensity has been observed. We develop a theoretical model
to explain the observed features of the SHG. The model takes into account self-consistently
the interaction of excitons, and it provides a qualitative agreement with the observed SHG
spectra and intensity dependencies. The obtained results on the second harmonic and para-
metric generation of two-dimensional layered materials can be promising for many applica-
tions stretching from technology, sciences, and security because of the abilities of photon
generation, manipulation, transmission, detection, and imaging for the applications to on-chip
nanophotonic devices.
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Gravitational and Quantum Mechanical Phenomena in Surface Gravity

Water Waves

Georgi Gary Rozenman, Freyja Ullinger, Lev Shemer, Matthias Zimmermann, Maxim A.
Efremov, Wolfgang P. Schleich, Denys I. Bondar, and Ady Arie

Raymond and Beverly Sackler School of Physics & Astronomy, Faculty of Exact Sciences, Tel
Aviv University, Tel Aviv 69978, Israel

The time evolution of a wave function in quantum mechanics is analogous to that of surface
gravity water wave pulses. In our studies, we have recently utilised this analogy and have
measured the cubic phase [1,2] of accelerating wave packets in a linear potential for cases of
linear and nonlinear propagation, including a case of initial non-zero momenta [3,4,5].

Inspired by these successful experiments, we extend this analogy to a study of electro-
magnetic fields around black holes and different types of amplitude and phase singularities,
including a logarithmic phase singularity. The analogous system in hydrodynamics is obtained
by generating Gaussian wave packets that propagate in a time dependent potential which has
a shape of an inverted harmonic oscillator. Depending on the wave packet energy with respect
to the peak energy of the potential, we observe three different cases: i) wave reflection, in the
case of low energy waves. ii) wave stopping when the wave energy matches the potential peak
energy or iii) wave transmission, for higher energy waves. We also studied this problem using
Weber wave packets, which are the eigenstates of the inverted harmonic oscillator system.
An interesting observation is that even without a potential, an initial state which is an energy
eigenstate of the inverted harmonic oscillator would evolve in free space until it reaches an
amplitude singularity, accompanied by a logarithmic phase singularity.

Furthermore, we propose methods to study the propagation of wave packets in an open
system, coupled to the vacuum state. In the latter, we have managed to observe phenomena
which is analogous to that of quantum decoherence.

[1] E. H. Kennard, Zur Quantenmechanik einfacher Bewegungstypen, Zeitschrift fur Physik,
44, 326 (1927).

[2] M. Zimmermann et al. T3 -Interferometer for atoms, Appl. Phys. B, 123:102 (2017).

[3] G. G. Rozenman et al. Amplitude and Phase of Wavepackets in Linear Potential, 122,
124302, Phys. Rev. Lett. (2019).

[4] G. G. Rozenman et al. Quantum Mechanical and Optical Analogies in Surface Gravity
Water Waves, Fluids, 4(2), 96 (2019).

[5] G. G. Rozenman et al. Observation of Accelerating Solitary Wavepackets, Phys. Rev. E.
101, 050201(R) (2020).
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Andreev drag effect in Coulomb coupled quantum dots

David Sanchez

University of the Balearic Islands, IFISC (UIB-CSIC), Crta. Valldemossa, km 7.5,
E07122-Palma de Mallorca, Spain

Coulomb drag is an effect of fundamental interest in nanoscale physics arising from the com-
bined interplay of fluctuations and interactions. It appears as a spectacular consequence of
broken symmetries and correlations as a measurable current in an equilibrium conductor un-
der the influence of a nearby voltage-biased conductor. With very few exceptions, research
activity has thus far focused on conductors coupled to metallic (normal) reservoirs. In our
work [1], we consider the case of a hybrid conductor coupled to both a normal and a su-
perconducting reservoir. Our results are to our knowledge the first obtained with normal-
superconducting quantum dots in the drag regime. This setup is of utmost interest in studies
on Andreev reflection, where an electron is transformed, upon tunneling from a normal lead,
into a Cooper pair in the superconductor. This allows for many-body quantum superposi-
tion states in the dot, which have a strong impact in the drag physics, as our calculations
demonstrate. Whereas drag currents in normal coupled dot systems are determined by rather
uncontrolled energy-dependent tunnel asymmetries, we find that the Andreev-Coulomb drag
gives rise to more robust signals, which can be significantly manipulated with external param-
eters (gate voltages, temperature or pairing coupling). Thus, we believe that our proposal can
be easily realized with present experimental techniques.

The Coulomb drag effect is nowadays also explored for its application to energy har-
vesting and heat management in quantum conductors. Since quantum dots can serve as qubit
platforms and coupled nanoconductors can work as ultrasensitive charge sensors, our proposal
is also of interest for the investigation of quantum backaction effects. Finally, the system we
consider has analogies with the ratchet effect, which would raise questions on the role of pair
tunneling in quantum thermodynamics theories.

[1] Andreev-Coulomb Drag in Coupled Quantum Dots. S. Mojtaba Tabatabaei, David Sanchez,
Alfredo Levy Yeyati, and Rafael Sanchez. Phys. Rev. Lett. 125, 247701 (2020)
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Interference-induced extrinsic thermoelectrics

Rafael Sánchez1,3, Cosimo Gorini2, and Geneviève Fleury2

1Departamento de Física Teórica de la Materia Condensada, Universidad Autónoma de
Madrid, 28059 Madrid, Spain

2Université Paris-Saclay, CEA, CNRS, SPEC, 91191, Gif-sur-Yvette, France
3Condensed Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid, 28059

Madrid, Spain

Mesoscopic conductors become efficient thermoelectric converters by using the spectral prop-
erties of a nanostructure (e.g., a quantum dot or a quantum point contact) to separate the
electron-hole excitations generated by a heat source to which it is coupled. This is the case in
all proposals and experiments so far, be them based on two- or three-terminal configurations.
We call them intrinsic because (i) the heat source might be switched off, but not be uncoupled
from the conductor, and (ii) because the mechanism for broken electron-hole symmetry is a
property of the conductor. In contrast to these, we present an extrinsic thermoelectric effect
in conductors to which we do not impose any asymmetry, allowing for a dual operation of the
system once the heat source is not coupled. We present this with the example of a ballistic
one-dimensional conductor which is approached by a scanning tip [1]. The tip serves as a
quantum coherent local heat injector that generates interference patterns. These enable two
remarkable effects: a nonlocal thermoelectric response of an electron-hole symmetric sys-
tem which is modulated by the position of the hot probe tip, and a nonreciprocal longitudinal
response leading to a thermoelectric diode effect. We introduce a model of pure dephasing
which confirms the quantum interference origin of the effect [2].

[1] G. Fleury, C. Gorini and R. Sánchez, "Scanning probe-induced thermoelectrics in a quan-
tum point contact". arxiv.:2106.03908.

[2] R. Sánchez, C. Gorini and G. Fleury, "Extrinsic thermoelectric response of coherent con-
ductors", in preparation.
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Speck of chaos

Lea F Santos, Francisco Perez-Bernal, and Jonathan Torres-Herrera

Yeshiva University, 245 Lexington Ave, New York, USA

It has been shown that, despite being local, a perturbation applied to a single site of the one-
dimensional XXZ model is enough to bring this interacting integrable spin-1/2 system to the
chaotic regime. Here, we show that this is not unique to this model, but happens also to the
Ising model in a transverse field and to the spin-1 Lai-Sutherland chain. The larger the system
is, the smaller the amplitude of the local perturbation for the onset of chaos. We focus on
two indicators of chaos, the correlation hole, which is a dynamical tool, and the distribution
of off-diagonal elements of local observables, which is used in the eigenstate thermalization
hypothesis. Both methods avoid spectrum unfolding and can detect chaos even when the
eigenvalues are not separated by symmetry sectors.

[1] Physical Review Research 2, 043034 (2020)
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Quantum Rotational Coherences in Complex Media

Benjamin Ashwell, Sai Ramakrishna, and Tamar Seideman

Northwestern University, 2145 Sheridan Rd, Evanston 60208, USA

Rotational wavepackets are superpositions of angular momentum eigenstates generated in
general via sequential, Rabi-type cycles in moderately-intense laser fields. The fascinating
spatial and temporal properties of such wavepackets follow directly from the phase relations
among their rotational components. These include sharp alignment, whose quality could not
be obtained via other alignment techniques, and, in the short pulse case, a rotational revival
structure that mirrors the underlying rotational eigenvalue spectrum. The highly nonlinear
nature of rotational spectra, along with the coherence properties of the excitation laser pulse,
make for a unique revival structure, fundamentally different from vibrational and electronic
revival patterns.

In the limit of small isolated molecules, rotational coherences, with the ensuing nonadia-
batic alignment, have evolved during the past 2 decades into an active field of theoretical and
experimental research with a rich variety of applications. In the present talk we extend these
concepts to complex systems. First we consider the case of asymmetric top molecules, where
alignment overcomes the mechanisms that render the rotations chaotic in the classical limit.
Next we focus on dissipative media, and illustrate the application of rotational coherence as
a probe of the decohering properties of the environment. We extend alignment to control the
torsional motions of polyatomic molecules, and apply torsional control to manipulate charge
transfer events. Turning to interfaces, we introduce a route to guided molecular assembly,
wherein laser alignment is extended to induce long-range orientational order in molecular
layers. Combining rotational coherence with recent research on nanoplasmonics and on con-
ductance via molecular junctions, we develop an approach to coherent control of transport in
the nanoscale. Finally, we explore the case of dense molecular ensembles, where alignment
generalizes into a collective phenomenon that gives rise to formation of molecular assembly
with long range translational and orientational order.
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Scattering of topological kink-antikink states in bilayer graphene

Llorenç Serra, Nassima Benchtaber, and David Sanchez

IFISC (UIB-CSIC), Universitat de les Illes Balears, Carretera Valldemossa km 7.5, Palma de
Mallorca, Spain

Gapped bilayer graphene can support the presence of intragap states due to kink gate potentials
applied to the graphene layers. Electrons in these states display valley-momentum locking,
which makes them attractive for topological valleytronics. Here, we show that kink-antikink
local potentials enable modulated scattering of topological currents. We find that the kink-
antikink coupling leads to anomalous steps in the junction conductance. Further, when the
constriction detaches from the propagating modes, forming a loop, the conductance reveals
the system energy spectrum. Remarkably, these kink-antikink devices can also work as valley
filters with tiny magnetic fields.

[1] N. Benchtaber, D. Sanchez, L. Serra, Scattering of topological kink-antikink states in
bilayer graphene, arXiv:2103.13323
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Quantum Nanodiamond Thermometry for Biological System

Yutaka Shikano

Gunma University, 4-2 Aramaki, Maebashi, Japan
Institute for Quantum Studies, Chapman University, 1 University Dr., Orange, CA 92866,

USA
JST PRESTO, 4-1-8, Honcho, Kawaguchi, Saitama 332-0012, Japan

Diamond quantum thermometry exploits the optical and electrical spin properties of colour
defect centres in diamonds and, acts as a quantum sensing method exhibiting ultrahigh pre-
cision and robustness. Compared to the existing luminescent nanothermometry techniques, a
diamond quantum thermometer can be operated over a wide temperature range and a sensor
spatial scale ranging from nanometres to micrometres. Further, diamond quantum thermom-
etry is employed in several application, including electronics and biology, to explore these
fields with nanoscale temperature measurements. This talk will cover the operational princi-
ples of diamond quantum thermometry for spin-based and all-optical methods, material devel-
opment of diamonds with a focus on thermometry, and examples of applications in biological
systems with demand-based technological requirements.

[1] M. Fujiwara, S. Sun, A. Dohms, Y. Nishimura, K. Suto, Y. Takezawa, K. Oshimi, L.
Zhao, N. Sadzak, Y. Umehara, Y. Teki, N. Komatsu, O. Benson, Y. Shikano, and E. Kage-
Nakadai, Sci. Adv. 6, eaba9636 (2020)

[2] M. Fujiwara, A. Dohms, K. Suto, Y. Nishimura, K. Oshimi, Y. Teki, K. Cai, O. Benson,
and Y. Shikano, Phys. Rev. Research 2, 043415 (2020)

[3] Y. Nishimura, K. Oshimi, Y. Umehara, Y. Kumon, K. Miyaji, H. Yukawa, Y. Shikano, T.
Matsubara, M. Fujiwara, Y. Baba, and Y. Teki, Sci. Rep. 11, 4248 (2021)

[4] M. Fujiwara and Y. Shikano, arXiv:2103.17137
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Superconducting Dirac point in proximetized graphene

Gopi Nath Daptary, Eyal Walach, Efrat Shimshoni, and Aviad Frydman

Dept. of Physics, Bar-Ilan University, Bar-Ilan University campus, Ramat Gan 52900, Israel

Two-dimensional (2D) materials have attracted vast research interest since the breakthrough
discovery of graphene. One major benefit of such systems is the simple ability to tune the
Fermi level through the charge neutrality point between electron and hole doping. For 2D
Superconductors, this means that one may potentially achieve the regime described by Bose
Einstein Condensation (BEC) physics of small bosonic tightly bound electron pairs. In this
work [1] we show that single layer graphene, in which superconducting pairing is induced by
proximity to a low density superconductor, can be tuned from hole to electron superconduc-
tivity through an ultra-law carrier density regime where the BEC limit is effectively realized.
We study, both experimentally and theoretically, the vicinity of this “Superconducting Dirac
point” where reflections at interfaces between normal and superconducting regions within the
graphene, suppress the conductance. In addition, the Fermi level can be adjusted so that the
momentum in the normal and superconducting regions perfectly match, giving rise to ideal
Andreev reflection processes.

[1] G. N. Daptary, E. Walach, E. Shimshoni and A. Frydman, arXiv:2009.14603

106



Mon, 19 July, 12:30 - 12:50, 2 session T83
On the nature of tunneling two-level systems in amorphous solids, and
the mitigation of their deleterious effects in superconducting circuits

Moshe Schechter

Ben-Gurion University of the Negev, -, Beer Sheva 84105, Israel

The generic existence of structural tunneling two-level systems (TLSs) in amorphous solids
was postulated by the "Standard Tunneling Model" to explain the remarkable low tempera-
ture universality known by now to exist across the different classes of disordered solids. Being
ubiquitous at low energies, TLSs dominate low energy noise, and as such restrict performance
of quantum nanodevices including superconducting qubits, nanomechanical oscillators and
photon detectors. Recently, the coupling of TLSs to superconducting qubits and microres-
onators has facilitated novel experimental studies of TLSs, including detailed studies of indi-
vidual TLSs and studies of the TLS glass out of equilibrium. In this talk I will discuss some
of these recent experiments, what insights they give with regard to the nature and character-
istics of TLSs, and with regard to possibilities to mitigate the deleterious effects of TLSs in
microresonators and qubits.
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Cluster Embedding Schemes

Peter Schmitteckert

HQS Quantum Simulations, Haid-und-Neu-Straße 7, 76131 Karlsruhe, Germany

Despite the recent developments in simulating correlated quantum systems a rigorous solution
of interacting quantum systems is only rarely possible. A common approximation scheme
consists in treating a small part of the system, called the cluster, in a rigorous manner, while
performing approximations to the rest, namely the bath. In this presentation I provide an
overview over various cluster embedding schemes and provide a detailed description of the
self consistent cluster embedding (SCCE) developed at HQS.

To this end I start with an introduction to the cluster perturbation theory (CPT), the dy-
namical mean field theory(DMFT) including its cluster extension (CDMFT). I then provide a
short introduction to inverse mean field theories (iMF) and finally combine the idea of iMF
and cluster embedding to our SCCE method.
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Kink dynamics and quantum simulation of supersymmetric lattice

Hamiltonians

Jiri Minar1,2, Bart van Voorden1, and Kareljan Schoutens1,2

1Institute of Physics, University of Amsterdam, Science Park 904, 1098 XH Amsterdam, the
Netherlands

2QuSoft, Science Park 123, 1098 XG Amsterdam, the Netherlands

We propose a quantum simulation of a supersymmetric lattice model using atoms trapped in
a 1D configuration and interacting through a Rydberg dressed potential. The elementary ex-
citations in the model are kinks or (in a sector with one extra particle) their superpartners -
the skinks. The two are connected by supersymmetry and display identical quantum dynam-
ics. We provide an analytical description of the kink/skink quench dynamics and propose a
protocol to prepare and detect these excitations in the quantum simulator. We make a de-
tailed analysis, based on numerical simulation, of the Rydberg atom simulator and show that
it accurately tracks the dynamics of the supersymmetric model.

[1] Kink dynamics and quantum simulation of supersymmetric lattice Hamiltonians, Jiri Mi-
nar, Bart van Voorden and Kareljan Schoutens, arXiv:2005.00607
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Quantum Simulation of Markovian and non-Markovian channel
addition on NISQ devices and in the Quantum Optics Lab

Ian J. David1, Solomon A. Uriri1, Filip A. Wudarski2,3,4, Ilya Sinayskiy1,5, Mark Tame6, and
Francesco Petruccione1,5

1School of Chemistry and Physics, University of KwaZulu-Natal, Durban 4001, South Africa
2Quantum Artificial Intelligence Lab. (QuAIL), Exploration Technology Directorate, NASA

Ames Research Center, Moffett Field, California 94035, USA
3USRA Research Institute for Advanced Computer Science (RIACS), Mountain View,

California 94035, USA
4Institute of Physics, Faculty of Physics, Astronomy and Informatics, Nicolaus Copernicus

University, Grudziadzka 5/7, 87-100 Torun, Poland
5National Institute for Theoretical and Computational Sciences, KwaZulu-Natal, Durban

4001, South Africa
6Department of Physics, Stellenbosch University, Matieland 7602, South Africa

The study of memory effects in quantum channels helps in developing characterization meth-
ods for open quantum systems and strategies for quantum error correction. Two main sets
of channels exist, corresponding to system dynamics with no memory (Markovian) and with
memory (non-Markovian). Interestingly, these sets have a nonconvex geometry, allowing one
to form a channel with memory from the addition of memoryless channels and vice versa.
Here, we use the NISQ device and photonic setup to investigate this nonconvexity by sub-
jecting a single qubit to a convex combination of Markovian and non-Markovian channels.
Our results highlight some practical considerations that may need to be taken into account
when using memory criteria to study system dynamics given by the addition of Markovian
and non-Markovian channels in experiments.
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Superfluidity from correlations.

Fernando Sols1, Jesús Mateos1, Eduardo Bernal1, Gregor Pieplow2, and Charles E. Creffield1

1Universidad Complutense de Madrid, Plaza de las Ciencias 1, E-28040 Madrid, Spain
2Humboldt-Universität zu Berlin, Newtonstrasse 15 D-12489 Berlin, Germany

We study a one-dimensional Bose-Hubbard gas in a lattice whose hopping energy is made to
oscillate with zero time average. Such a driving suppresses first-order particle hopping while
allowing even higher-order processes [1]. At a critical value of the driving amplitude, the
system passes from a Mott insulator to an exotic superfluid phase whose cat-like ground state
consists of two branches characterized by the preferential occupation of opposite momentum
eigenstates [2]. In the absence of autonomous single-particle hopping, the resulting superflu-
idity is exclusively driven by correlations. We discuss how such a phase differs qualitatively
from conventional superfluidity. The effect is robust against variations in experimental details
[3]. We show that this system can be probed with time-of-flight experiments.

[1] G. Pieplow, F. Sols, C. E. Creffield, New J. Phys. 20, 073045 (2018).

[2] G. Pieplow, C. E. Creffield, F. Sols, Phys. Rev. Research 1, 033013 (2019).

[3] J. Mateos, G. Pieplow, C. E. Creffield, F. Sols, Eur. Phys. J. Spec. Top., https://doi.org/10.1140/epjs/s11734-
021-00077-1.
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Quantum analogue of energy equipartition theorem

Jakub Spiechowicz and Jerzy Luczka

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

One of the fundamental laws of classical statistical physics is the energy equipartition theorem
which states that for each degree of freedom the mean kinetic energy equals Ek = kBT/2,
where kB is the Boltzmann constant and T is temperature of the system. Despite the fact
that quantum mechanics has already been developed for more than 100 years still there is
no quantum counterpart of this result. In my talk I will formulate the quantum analogue of
energy equipartition theorem [1] that holds true for all quantum systems which are composed
of an arbitrary number of non-interacting or interacting particles subjected to any confining
potentials and coupled to thermostat with an arbitrary coupling strength. I will discuss its
implication for two paradigmatic, exactly solvable models, namely, a free quantum Brownian
particle and a dissipative harmonic oscillator [2-4].

[1] J. Luczka, J. Stat. Phys. 179, 839 (2020)

[2] J. Spiechowicz, P. Bialas, J. Luczka, Phys. Rev. A 98, 052107 (2018)

[3] P. Bialas, J. Spiechowicz, J. Luczka, Sci. Rep. 8, 16080 (2018)

[4] J. Spiechowicz and J. Luczka, Sci. Rep. 11, 4088 (2021)
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Non-Equilibrium Oscillatory Dynamics of Electrons on the Surface of
Liquid Helium

Aneta Stefanovska1, Hala Siddiq1,2, Kostyantyn Nasyedkin3,4, Kimitoshi Kono3,5, Dmitry
Zmeev1, Peter V. E. McClintock1, and Yuri A. Pashkin1

1Department of Physics, Lancaster University, Lancaster LA1 4YB, United Kingdom
2Jazan University, Faculty of Science, Department of Physics, Jazan, Saudi Arabia

3Quantum Condensed Phases Research Team, RIKEN CEMS, Wako, Saitama 351 0198,
Japan

4Neutron Scattering Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA
5International College of Semiconductor Technology, National Yang Ming Chiao Tung

University, Hsinchu 300, Taiwan

The two-dimensional electron system (2DES) formed by electrons above the surface of liquid
helium facilitates the exploration of 2D non-equilibrium phenomena in an almost perfectly
clean environment. Research highlights have included, Wigner crystallization, the ripplonic
Lamb shift, coupling of Rydberg states to Landau levels, quantum information processing,
zero-resistance states, and a plethora of important results on many-electron phenomena and
non-equilibrium physics.

Under certain conditions, the surface electrons exhibit spontaneous oscillations. We have
measured the resultant signals induced in 5 Corbino electrodes at∼0.3 K, with a perpendicular
magnetic field and microwave radiation applied to attain the zero-resistance state. Analysis of
these signals using multi-scale, time-resolved, methods yields results consistent with magne-
toplasmons modulated by slow surface gravity waves, with the latter requiring consideration
of the 3rd dimension. Calculation of phase differences and phase coherences between signals
from differently-positioned pairs of electrodes enables reconstruction of the electron dynam-
ics on the helium surface.

We will show that treating the time-resolved dynamics with logarithmic frequency reso-
lution, opens up new possibilities for understanding these paradigmatic far-from-equilibrium
phenomena, bringing together the quantum and classical processes involved.
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A novel quantum simulation method for complex system-reservoir

dynamics

Jürgen T. Stockburger

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

Accurate modeling of decoherence and dissipation in complex quantum devices – or in the
exploration of dissipative quantum phase transitions – must be based on techniques beyond
the standard quantum optical master equations. This need is most pronounced in the case
of non-monochromatic driving, where the rotating-wave fails even in weak-coupling scenar-
ios. Currently the hierarchical representation of reservoir-induced self-interactions (Hierar-
chical equations of motion, HEOM) and exact non-hermitian stochastic modeling (Stochas-
tic Liouville-von Neumann equation, SLN) are available to address this need, among others.
However, both become prohibitively expensive when the regimes of low temperature or strong
coupling are investigated. This problem is overcome by a judicious combination of both meth-
ods, allowing previously intractable problems to be studied.
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Reflectionless Excitation of Arbitrary Photonic Structures: A General
Theory

A. Douglas Stone1, William R. Sweeney1, Chia Wei Hsu2, Kabish Wisal1, and Zeyu Wang2

1Yale University, Dept of Applied Physics, Yale Quantum Institute, 17 Hillhouse, New Haven,
06520, USA

2Ming Hsieh Department of Electrical and Computer Engineering, University of Southern
California, Los Angeles, CA, 90089, USA

Coupling an input wave into or through a scattering structure without any reflection is a ubiq-
uitous challenge in all of wave physics, both classical and quantum. While reflectionless
perfect transmission through parity symmetric 1D structures is familiar to all physicists, the
conditions for reflectionless excitation of general, non-symmetric structures in multi-channel,
2D and 3D geometries have not previously been elucidated in terms of a general theoretical
and computational framework. Here I will describe such a theory, which is based on general
analytic properties of the scattering matrix, and applies to the linear wave equations of optics
and photonics, acoustics and quantum mechanics [1,2]. It is shown that for finite resonant
structures there exist a countably infinite number of complex frequencies at which such re-
flectionless harmonic solutions occur, which correspond to adapted input wavefronts, related
to eigenvectors of a generalized reflection matrix with eigenvalue equal to zero. We refer
to such discrete solutions as reflectionless scattering modes (RSMs). A special case of this
is Coherent Perfect Absorption or time-reversed lasing, for which the energy is completely
absorbed when the time-reverse of the analogous lasing mode is imposed on the system [3].
However in the more general theory these solutions can be fully transmitted into any specified
set of output channels of a lossless structure. In order for RSMs to correspond to steady-
state harmonic solutions (real frequency) either the structure must have a symmetry such as
Parity-Time (PT), or one must be able to tune one parameter of the structure to achieve a real
frequency RSM. Degeneracy of two RSM modes corresponds to a new kind of exceptional
point (EP) and leads to an increase in the bandwidth of the perfect absorption or transmis-
sion resonance. Applications of the theory to demonstrate perfect impedance matching to
non-trivial 2D photonic structures, such as chaotic waveguide junctions, will be presented,
indicating its suitability and tractability for photonic design.
[1] Theory of Reflectionless Scattering Modes, William R. Sweeney, Chia Wei Hsu, and A.

Douglas Stone, Phys. Rev. A, 2020, https://link.aps.org/doi/10.1103/PhysRevA.102.063511

[2] Reflectionless excitation of arbitrary photonic structures: A general theory, A.D. Stone,
W.R. Sweeney, C.W. Hsu, K. Wisal, and Z. Wang, Nanophotonics, 10.1515/nanoph-2020-
0403

[3] Coherent Perfect Absorbers: Time-reversed Lasers, Y.D. Chong, L. Ge, H. Cao, and A.D.
Stone, Physical Review Letters, 105, 053901 (2010)
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Mon, 19 July, 17:30 - 18:00, 5 session T93
Specific Models for Fast Hidden Variables, FreeWill, and all that

Gerard ’t Hooft

Universiteit Utrecht, Institute for Theoretical Physics, Princetonplein 5, Utrecht, 3584CC,
Netherlands

The machinery of quantum mechanics is fully capable of describing a single real world. Here
we discuss the converse: in spite of appearances, and indeed numerous claims to the contrary,
any quantum mechanical model can be mimicked, up to any required accuracy, by a com-
pletely classical system of equations. An implication of this observation is that Bell’s theorem
cannot hold in many cases. This is explained by scrutinising Bell’s assumptions concern-
ing causality, retrocausality, free will, statistical (in-)dependence, and his fear of ‘conspiracy’
(there is no conspiracy in our constructions, as soon as one uses the language of the deter-
ministic models). The most crucial mechanism for the counter-intuitive Bell/CHSH violation
is the fact that after every change in the settings chosen by Alice and Bob, the ontological
status of the particles in the initial state must be adjusted. The potential importance of our
construction in model building is discussed.
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T94 Tue, 20 July, 9:30 - 10:00, 1 session

Vibronic quantum coherence at ultralow temperatures in photosynthetic
protein complexes

Hong-Guang Duan1,2,3, Ajay Jha2, Lipeng Chen4, Vandana Tiwari2,5, Richard J. Cogdell6,
Khuram Ashraf6, Valentyn I. Prokhorenko2, Michael Thorwart1,3, and R.J. Dwayne Miller7

1Universität Hamburg, I. Institut für Theoretische Physik, Notkestr. 9, 22607 Hamburg,
Germany

2Max Planck Institute for the Structure and Dynamics of Matter, Luruper Chaussee 149,
22761, Hamburg, Germany

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

4Department of Chemistry, Technische Universität München, D-85747 Garching, Germany
5Department of Chemistry, Universität Hamburg, Martin-Luther-King Platz 6, 20146

Hamburg, Germany
6Institute of Molecular, Cell, and Systems Biology, College of Medical, Veterinary, and Life

Science, University of Glasgow, Glasgow G12 8QQ, United Kingdom
7The Departments of Chemistry and Physics, University of Toronto, 80 St. George Street,

Toronto Canada M5S 3H6

Synthesizing quantum coherence in artificial nanosystems might be inspired by the study of
the exciton dynamics in natural photoactive molecular complexes. In this talk, I will address
the fundamental question under what conditions such natural systems could show dynamic
quantum coherent effects. We have revisited this in a joint experimental and theoretical effort
studying the quantum exciton dynamics in the Fenna-Matthews-Olson (FMO) complex by
two-dimensional electronic spectroscopy at different temperatures. Our recent experimental
results in a broad range down to very low temperatures reveal electronic coherence to occur on
a time scale of 500 fs at 20 K. They complete earlier results obtained under ambient conditions
where we have found that at room temperature, electronic coherence fades out within 60 fs.
Yet, the new low-temperature data allow us to capture solid evidence of quantum coherence at
ultralow temperature and to clearly disentangle electronic and vibrational dynamic coherence.
The observed long-lived oscillations are due to Raman vibrational modes on the electronic
ground state. The experimental data are used to establish a carefully parametrized model.
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Fri, 23 July, 10:00 - 10:20, 1 Session T95
Spin selectivity through time-reversal symmetric helical junctions

Yasuhiro Utsumi1, Ora Entin-Wohlman2, and Amnon Aharony2

1Mie University, 1577, Kurimamachiya-cho, Tsu, 514-8507, Japan
2School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel

Time-reversal symmetric charge and spin transport through a molecule comprising two-orbital
channels and connected to two leads is analyzed. It is demonstrated that spin-resolved currents
are generated when spin-flip processes are accompanied by a flip of the orbital channels. This
surprising finding does not contradict Bardarson’s theorem [J. H. Bardarson, J. Phys. A: Math.
Theor. 41, 405203 (2008)] for two-terminal junctions: the transmission does possess two
pairs of doubly-degenerate eigenvalues as required by the theorem. The spin-filtering effect is
explicitly demonstrated for a two-terminal chiral molecular junction, modeled by a two-orbital
tight-binding chain with intra-atomic spin-orbit interactions (SOI). In the context of transport
through organic molecules like DNA, this effect is termed "chirality-induced spin selectivity"
(CISS). The model exhibits spin-splitting without breaking time-reversal symmetry: the intra-
atomic SOI induces concomitant spin and orbital flips. Examining these transitions from the
point of view of the Bloch states in an infinite molecule, it is shown that they cause shifts in
the Bloch wave numbers, of the size of the reciprocal single turn, whose directions depend on
the left-and right-handedness of the helix. As a result, spin-up and spin-down states propagate
in the opposite directions, leading to the CISS effect. To further substantiate our picture, we
present an analytically-tractable expression for the 8×8 scattering matrix of such a (single)
molecule.

[1] Yasuhiro Utsumi, Ora Entin-Wohlman, and Amnon Aharony, "Spin selectivity through
time-reversal symmetric helical junctions", Phys. Rev. B 102, 035445 (2020)
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T96 Mon, 19 July, 15:40 - 16:10, 4 session

Quantum Variational Optimization of Ramsey Interferometry and
Atomic Clocks

Raphael Kaubruegger1,2, Denis V. Vasilyev1,2, Marius Schulte3, Klemens Hammerer3, and
Peter Zoller1,2

1Institute for Quantum Optics and Quantum Information, 6020 Innsbruck, Austria
2Center for Quantum Physics, University of Innsbruck, 6020 Innsbruck, Austria

3Institute for Theoretical Physics, Institute for Gravitational Physics (Albert Einstein
Institute), Leibniz University Hannover, 30167 Hannover, Germany

We report a theory [1] - experiment [2] collaborative effort to devise and implement optimal
N -atom Ramsey interferometry with variational quantum circuits on a programmable quan-
tum sensor realized with trapped-ions. Optimization is defined relative to a cost function,
which in the present study is the Bayesian mean square error of the estimated phase for a
given prior distribution, i.e. we optimize for a finite dynamic range of the interferometer, as
relevant for atomic clock operation. The quantum circuits are built from global rotations and
one-axis twisting operations, as are natively available with trapped ions. On the theory side,
low-depth quantum circuits yield results closely approaching the fundamental quantum limits
for optimal Ramsey interferometry. Our experimental findings include quantum enhancement
in metrology beyond squeezing and GHZ state interferometry, and we verify the performance
of circuits by both directly using theory predictions of optimal parameters, and performing
online quantum-classical feedback optimization to ’self-calibrate’ the variational parameters
for up to N = 26 ions. Successfully demonstrating operation beyond standard squeezing
using on-device optimization opens the quantum variational approach to application across a
wide array of sensor platforms and tasks.

[1] R. Kaubruegger, D. V. Vasilyev, M. Schulte, K. Hammerer, and P. Zoller, arXiv:2102.05593

[2] C. D. Marciniak, T. Feldker, I. Pogorelov, R. Kaubruegger, D.V. Vasilyev, R. van Bijnen,
P. Schindler, P. Zoller, R. Blatt, and T. Monz, unpublished

119



Tue, 20 July, 12:00 - 12:20, 2 session T97
Thouless pumping in a Floquet-driven lattice

Konrad Viebahn, Joaquín Minguzzi, Zijie Zhu, Anne-Sophie Walter, Kilian Sandholzer, and
Tilman Esslinger

ETH Zurich, Otto-Stern-Weg 1, 8093 Zurich, Switzerland

Thouless pumps allow robust quantised transport of particles in one-dimensional periodic po-
tentials, in which the Hamiltonian is varied in a slow, cyclic manner. The time-trace of the
adiabatic change plays the role of a second dimension, in which the topological pump can be
understood as a quantum Hall effect. Previously, Thouless pumps in atomic and optical sys-
tems have relied on ’sliding’ the underlying potential landscape in order to induce transport.
However, such strong deformations of the lattice potential are not feasible in solid crystals,
limiting the application of topological pumping to real-world materials. Here, we employ
a Floquet drive to experimentally realise a topological pump in a generic sinusoidal lattice
without any sliding potentials. Two-frequency lattice shaking is used to adiabatically prepare
a topological Floquet-Bloch band, starting from a trivial insulating state of ultracold fermions.
Near-quantised charge transport is achieved by modulating the drive waveform slow enough
to ensure adiabaticity. Our results pave the way for studying topological pumping in Floquet-
driven real materials.
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T98 Tue, 20 July, 19:00 - 19:20, 5 session

Manifestation of topology in metastable driven-dissipative bosonic
systems

Vincent P. Flynn1, Emilio Cobanera1,2, and Lorenza Viola1

1Dartmouth College, Department of Physics and Astronomy, Hanover, NH, USA
2SUNY Polytechnic Institute, Utica, NY, USA

The role of topology in quasi-free bosonic systems remains an exciting open problem at the
intersection of condensed-matter as well as atomic, molecular, and optical physics, and open
quantum systems. While it is known that Hamiltonian systems of free bosons cannot be topo-
logical, I will show how non-trivial manifestations of topology may arise for free bosons
undergoing Markovian dissipation, in metastable dynamical regimes. In particular, I will
discuss how "Majorana bosons" may be identified in topologically non-trivial phases, that
serve as tight analogues to the condensed-matter Majorana fermions. Each Majorana boson
pair consists, in general, of a distinct zero mode and a symmetry generator, reflecting the
breakdown of Noether’s theorem in open quantum dynamics. This approximate symmetry
implies the existence of a family of quasi-steady states possessing a number of unique prop-
erties uncharacteristic of steady-states in driven-dissipative systems, including non-vanishing
first moments and persistent non-Gaussianity. Finally, I will discuss observable signatures of
Majorana bosons in steady-state power spectra.
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Tue, 20 July, 18:40 - 19:00, 5 session T99
Collective modes at the superfluid - Mott glass transition

Thomas Vojta1, Martin Puschmann1,2, Jack Crewse1, Joao C. Getelina1,3, and Jose A. Hoyos3

1Missouri University of Science and Technology, Department of Physics, 1315 North Pine
Street, Rolla, MO 65409, USA

2Institute of Theoretical Physics, University of Regensburg, D-93040, Regensburg, Germany
3Instituto de Fısica de Sao Carlos, Universidade de Sao Paulo, C.P. 369, Sao Carlos, Sao

Paulo, 13560-970, Brazil

We study the collective excitations, i.e., the Goldstone (phase) mode and the Higgs (ampli-
tude) mode, near the superfluid–Mott glass quantum phase transition in a two-dimensional
system of disordered bosons. Using Monte Carlo simulations as well as an inhomogeneous
quantum mean-field theory with Gaussian fluctuations, we show that the Higgs mode is
strongly localized for all energies. This leads to a noncritical scalar response characterized
by a scalar spectral function that features a broad peak whose peak frequency does not soften
but remains nonzero across the quantum phase transition.

In contrast, the lowest-energy Goldstone mode undergoes a striking delocalization transi-
tion as the system enters the superfluid phase, leading to a zero-frequency spectral peak. We
also relate our findings to general results on the localization of bosonic excitations, and we
discuss the limits and generality of our approach.

[1] M. Puschmann, J. Crewse, J.A. Hoyos and T. Vojta, Phys. Rev. Lett. 125 (2020), 027002

[2] M. Puschmann, J.C. Getelina, J.A. Hoyos and T. Vojta, arXiv:2101.11065

[3] J. Crewse and T. Vojta, arXiv:2104.04593
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T100 Wed, 21 July, 12:30 - 12:50, 2 session

PERLind, a versatile approach to model bath coupling in quantum
kinetics

Gediminas Kirsanskas1, Martin Franckie2, Maitane M Basagoiti3, Patrick P Potts4, and
Andreas Wacker1

1Mathematical Physics, Lund University, Box 118, 22100 Lund, Sweden
2Institute for Quantum Electronics, ETH Zürich, 8093 Zürich, Switzerland

3ESPCI, 75005 Paris, France
4University of Basel, Switzerland

The position and energy-resolved Lindblad approach (PERLind) [1] is general theoretical
approach to study the quantum kinetics in a system coupled to a bath. It is based on a Lindblad
master equation containing both the terms of the common secular approximation and further
terms, which allow to track coherences between energy eigenstates due to localization at the
position of contacts. We show that PERLind is able to interpolate between local and global
approaches. Examples are given for a variety of systems including the quantitative simulation
of quantum cascade lasers.

[1] G. Kirsanskas, M. Frankie ad A. Wacker, Phys. Rev. B97 (2018) 035432
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Mon, 19 July, 18:00 - 18:30, 5 session T101
Multipath Interference Tests of Quantum Mechanics

Gregor Weihs1, Sebastian Gstir1, Edmond Chan1,2, Robert Keil1, Toni Eichelkraut3, and
Alexander Szameit4

1Institut für Experimentalphysik, Universität Innsbruck, Technikerstraße 25, 6020 Innsbruck,
Austria

2Ecole Normale Superieure de Lyon, 65 Allee d’Italie, 69007 Lyon, France
3Institute of Applied Physics, Abbe Center of Photonics, Friedrich-Schiller-Universität Jena,

Max-Wien-Platz 1, 07743 Jena, Germany
4Institut für Physik, Universität Rostock, Albert-Einstein-Str. 23, 18059 Rostock, Germany

Quantum mechanics can be considered a special case of the class generalized probabilistic
physical theories, which can be classified by how they deviate from classical probabilistic
theories. Quantum mechanics, for example, deviates because it derives probabilities from
wavefunctions and thus exhibits interference. By virtue of Born’s rule, all interference terms
stem from pairs of paths. Other probabilistic theories could go beyond that [1] and allow
higher-order interference terms, thus violating Born’s rule.

Using multipath interferometers [2,3] we were able to tighten the bound on the deviation
from ordinary quantum interference to a level of 10−5 of the expected, ordinary interference,
with a good part of the uncertainty originating from our limited accuracy in determining detec-
tor nonlinearity. More recently we have begun to apply our multipath interferometers towards
tests for the generalization of quantum mechanics in terms of the underlying numbers, i.e.
whether hypercomplex quantum mechanics is allowed or not [4]. For these tests, the achiev-
able interferometer contrast is crucial [5]. Our latest interferometer, an integrated photonic
circuit with electrically controllable interferometric shutters, allows us to improve the bound
on higher-order interferences and hypercomplex quantum mechanics at the same time.

[1] R. D. Sorkin, Quantum Mechanics as Quantum Measure Theory, Modern Physics Letters
A 9, 3119 (1994), https://doi.org/10.1142/S021773239400294X

[2] U. Sinha, C. Couteau, T. Jennewein, R. Laflamme, and G. Weihs, Ruling out multi-order
interference in quantum mechanics, Science 329, 418 (2010), https://doi.org/10.1126/science.1190545

[3] T. Kauten, R. Keil, T. Kaufmann, et al., Obtaining tight bounds on higher-order interfer-
ences with a 5-path interferometer, New J. Phys. 19, 033017 (2017), https://doi.org/10.1088/1367-
2630/aa5d98

[4] A. Peres, Proposed Test for Complex versus Quaternion Quantum Theory, Phys. Rev. Lett.
42, 683 (1979), https://doi.org/10.1103/PhysRevLett.42.683

[5] S. Gstir, E. Chan, T. Eichelkraut, et al., Towards probing for hypercomplex quantum me-
chanics in a waveguide interferometer, submitted to New J. Phys. (2021), https://arxiv.org/abs/2104.11577
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T102 Fri, 23 July, 12:00 - 12:20, 2 Session

Quantum probes and quantum engines realized via individual impurities
immersed in an ultracold bath.

Artur Widera

Technische Universität Kaiserslautern, Erwin-Schrödinger-Str. 46, 67663 Kaiserslautern,
Germany

Technological advances in laser and vacuum technology have allowed realizing a dream of
the early days of quantum mechanics: controlling single, laser-cooled atoms at a quantum
level. Interfacing individual atoms with ultracold gases offer new experimental approaches to
study fascinating phenomena of nonequilibrium quantum physics. Moreover, such systems
allow experimentally addressing the question if and how quantum properties can boost the
performance of atomic-scale devices.

In this talk, I will discuss how single atoms can be controlled and probed in an ultracold
gas to establish new paradigms of sensing temperature or operating nanoscale engines. Un-
derstanding the impurity-gas interaction at the atomic level allows employing inelastic spin-
exchange collisions, which are usually considered harmful, for quantum applications. First,
I will show how the inelastic spin-exchange can map information about the gas temperature
or the surrounding magnetic field to the quantum-spin distribution of single impurity atoms.
Interestingly, the nonequilibrium spin dynamics before reaching the steady-state increases the
sensitivity of the probe while reducing the perturbation of the gas compared to the steady-
state. Second, I will discuss how the quantized energy transfer during inelastic collisions
allows operating a single-atom quantum engine. We overcome the limitations imposed by
using thermal states and run a quantum-enhanced Otto cycle operating at orders of magnitude
larger powers compared to a thermal case, alternating between positive and negative temper-
ature regimes at maximum efficiency. I will discuss the properties of the engine as well as
limitations originating from the quantum aspects resulting in fluctuations of power. Finally,
I will show that single atoms can act as coherent probes for an ultracold gas, where both the
interaction-driven coherent evolution of a quantum superposition and the collisional decay
of coherence allow inferring information about gas properties. Our work opens the door to
experimentally interface quantum physics and thermodynamics and to study emerging novel
phenomena.
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Mon, 19 July, 9:00 - 9:30, 1 session T103
The Heisenberg Limit to Laser Coherence

Travis J. Baker1, Seyed N. Saadatmand1, Dominic W. Berry2, and Howard M. Wiseman1

1Centre for Quantum Dynamics, Griffith University, Brisbane, Australia
2Department of Physics and Astronomy, Macquarie University, Sydney, Australia

To quantify quantum optical coherence requires both the particle- and wave-natures of light.
For an ideal laser, it can be thought of as the number of photons emitted into the beam with the
same phase. For some 60 years, it had been believed that for a laser with an ideal output beam
(described by a phase-diffusing coherent state), this number, C, was limited by the Schawlow-
Townes limit to the linewidth [1]. Specifically, the S-T limit implies that the coherence C is
at most of order the square of the mean photon number µ in the laser itself: C = O( µ2). Here,
assuming nothing about the laser operation except that its inputs are incoherent, and that its
output is close to the ideal beam, we find the ultimate (Heisenberg) limit: C = O( µ4) [2].
For µ large this is enormously greater. Moreover, we find a laser model that can achieve this
scaling, and show that, in principle, it could be realised with familiar physical couplings [2].

[1] A. L. Schawlow and C. H. Townes, "Infrared and Optical Masers", Phys. Rev. 112, 1940-9
(1958).

[2] Travis J. Baker, Seyed N. Saadatmand, Dominic W. Berry, and Howard M. Wiseman, “The
Heisenberg limit for laser coherence”, Nature Physics 17, 179–183 (2021).
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T104 Thu, 22 July, 14:20 - 14:40, 3 Session

Quantum entanglement of living organisms

Alexandre Zagoskin

Loughborough University, University Rd., Loughborough, United Kingdom

Predictions of quantum mechanics are unsurpassedly precise and extremely counterintuitive.
Quantum entanglement ("spooky action at a distance") is one such effect. Since 2000 AD,
the breakthroughs in “Quantum Technologies 2.0” demonstrated the essentially quantum be-
haviour in increasingly large systems and put the problem of the quantum-classical transition
on the forefront of research. In particular, there is an intense effort directed at the understand-
ing of the role of quantum effects in life, mainly at the level of certain biochemical processes
inside the cells.The question whether and how entanglement and other quantum correlations
influence the behaviour of living organisms

Here I speculate on the possible effect of quantum entanglement on the behaviour of pho-
tosensitive single-cell organisms (e.g., Chlamydomonas). The pattern of correlations between
the velocities of spatially separated groups of these organisms would depend on whether they
are illuminated with quantum correlated light (e.g., entangled photon pairs) or not. I discuss
the conditions under which such differences could be observed.
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Thu, 22 July, 11:40 - 12:00, 2 Session T105
Quantum work statistics in chaotic and disordered Fermi liquids

Gergely Zaránd1,2, András Grabarits1, Izabella Lovas3, and Márton Kormos1

1MTA-BME Quantum Dynamics and Correlations Research Group, Institute of Physics,
Budapest University of Technology and Economics, Budafoki ut 8., H-1111 Budapest,

Hungary
2BME-MTA Exotic Quantum Phases ’Lendulet’ Research Group, Institute of Physics,
Budapest University of Technology and Economics, Budafoki ut 8., H-1111 Budapest,

Hungary
3Department of Physics and Institute for Advanced Study, Technical University of Munich,

85748 Garching, Germany

We present a theory of work statistics in generic chaotic, disordered Fermi liquid systems
within a driven random matrix formalism. We extend Phil Anderson’s orthogonality deter-
minant formula [1] to compute the full distribution of quantum work [2]. The evolution of
quantum work distribution is found to be universal, and characterized by just two parameters:
the temperature in units of mean level spacing (giving the energy scale), and a dimensionless
velocity, characterizing the frequency of avoided level crossings [3].

At zero temperature, the energy absorbed increases linearly with time, while its vari-
ance exhibits a superdiffusive behavior [2], reflecting Pauli’s exclusion principle, and a non-
Gaussian statistics is observed [3]. In slowly driven systems, quantum work can be well
described in terms of a purely classical Markovian symmetric exclusion process in energy
space, as generated by Landau-Zener transitions, and accurate analytical expressions can be
derived for it.

Our random matrix predictions are compared to and validated by numerical simulations
performed on realistic 2D quantum dot models. We propose to verify them experimentally by
calorimetric measurements on nanoscale circuits [3].

[1] P. W. Anderson, Phys. Rev. Lett. 18, 1049 (1967).

[2] I. Lovas, A. Grabarits, M. Kormos, and G. Zaránd, Phys. Rev. Research 2, 023224 (2020).

[3] A. Grabarits, I. Lovas, M. Kormos, and G. Zaránd (to be submitted to Phys. Rev. Lett.).
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P1
Josephson quantum spin thermodynamics

Colin Benjamin and Subhajit Pal

National Institute of Science Education and Research, PO- Bhimpur-Padanpur, Via- Jatni,
District- Khurda, Jatni, Bhubaneswar, India

A 1D Josephson junction loop, doped with a spin-flipper and attached to two thermal reser-
voirs is shown to operate as a heat engine, or a refrigerator, or a Joule pump or even as a
cold pump. When operating as a quantum heat engine, the efficiency of this device exceeds
that of some recent Josephson heat engine proposals. Further, as a quantum refrigerator, the
coefficient of performance of this device is much higher than previously proposed Joseph-
son junction based refrigerators. In addition, this device can be tuned from engine mode to
refrigerator mode or to any other mode, i.e., Joule pump or cold pump by either tuning the
temperature of reservoirs, or via the flux enclosed in the Josephson junction loop. This makes
the proposed device much more versatile towards possible applications.
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P2
Two-body quantum energetics: the case of waveguide quantum

electrodynamics

Maria Maffei, Patrice Camati, and Alexia Auffèves

Institut Néel - CNRS, 25 Avenue des Martyrs, 38042 Grenoble, France

We analyze the nature of energy exchanges between two coupled, but otherwise isolated,
quantum systems. We define work as the component stemming from effective unitary inter-
actions performed by each system on one another. The remainder of the energy is stored in
the correlations and generally prevents full energy extraction by local operations. Focusing
on the general scenario of a qubit coupled to the light field within a waveguide, we establish a
bound relating work exchange and local energy extraction when the light statistics is coherent,
that gets violated in the presence of a quantum light pulse. Our results provide operational,
energy-based witnesses to probe non-classical resources.
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P3
Ultrafast charging in a two-photon Dicke quantum battery

Alba Crescente1,2, Matteo Carrega2, Maura Sassetti1,2, and Dario Ferraro1,2

1Dipartimento di Fisica, Università di Genova, Via Dodecaneso 33, Genova 16146, Italy
2SPIN-CNR, Via Dodecaneso 33, Genova 16146, Italy

We consider a collection of two level systems embedded into a microwave cavity as a promis-
ing candidate for the realization of high power quantum batteries. In this perspective, the
possibility to design devices where the conventional single-photon coupling is suppressed and
the dominant interaction is mediated by two-photon processes is investigated, opening the
way to an even further enhancement of the charging performance [1]. By solving a Dicke
model with both single and two-photon coupling we determine the range of parameters where
the latter unconventional interaction dominates the dynamics of the system leading to better
performances both in the charging times and average charging power of the QB compared to
the single-photon case. In addition, it is found that the scaling of the charging power with the
finite number of qubits N shows a quadratic growth leading to a relevant improvement of the
charging performance of quantum batteries based on this scheme with respect to the purely
single-photon coupling case [1].

[1] A. Crescente, M. Carrega, M. Sassetti, D. Ferraro, Ultrafast charging in a two-photon
Dicke quantum battery, Phys. Rev. B 102, 245407 (2020).
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P4
An Analytical Framework for the Storage and Retrieval of Arbitrary

Light Pulses

Billie DeLuca and Anil Patnaik

Air Force Institute of Technology, 2950 Hobson Way, Wright Patterson AFB 45433, USA

As quantum information progresses towards quantum networking, the need for temporary
storage and efficient retrieval of qubits at the networking nodes becomes critical. Viable
quantum memory will require the storage and predictable retrieval of quantum states as light
pulses. Previous works have experimentally determined retrieved pulse shapes for different
control fields, but an analytical expression for a retrieved pulse has only been derived for a
Gaussian pulse. This work develops a formula to store and retrieve and arbitrary pulse shape
with explicit factors for controlling the output pulses’ amplitude and width. The numerical
implementation of this formula should be much faster than direct numerical solutions of the
differential equations governing the evolution of the system.

[1] A. Patnaik, F.L. Kien, and K. Hakuta, Phys. Rev. A 69, 035803 (2004)

[2] I. Novikova, N. Phillips, and A. Gorshkov, Phys. Rev. A 78, 021802 (2008)

[3] P. Tsai, Y. Hsiao, and Y. Chen, Phys. Rev. Research 2, 33155 (2020)
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P5
Extreme depolarization for any spin

Jérôme Denis and John Martin

Institut de Physique Nucléaire, Atomique et de Spectroscopie, CESAM, Université de Liège,
Bâtiment B15, B-4000 Liège, Belgium

We present a detailed study of the depolarization dynamics of an individual spin with an
arbitrary spin quantum number j, or, equivalently, of a system of N = 2j constituent spin-1/2
initially in a symmetric state undergoing collective depolarization. In particular, we identify
the most superdecoherent states. In the case of isotropic depolarization, we show that a class
of maximally entangled pure states distinct from GHZ and W states, a.k.a. spin anticoherent
states [1,2], display the highest decoherence rate for any number of spins. Moreover, we
find that these states become absolutely separable after a time which does not depend on the
number of spins. We also prove that entanglement is a necessary and sufficient condition,
both for pure and mixed states, for superdecoherence to take place [3]. Finally, for anisotropic
depolarization, we identify not only the states with the highest initial decoherence rate, but
also the states that lose their purity most rapidly over any finite time for a few spins.

[1] J. Zimba, Electron. J. Theor. Phys. 3, 143 (2006).

[2] D. Baguette, T. Bastin, and J. Martin, Phys. Rev. A 90, 032314 (2014)

[3] G. M. Palma, K.-A. Suominen, and A. K. Ekert, Proc. R. Soc. London, Ser. A 452, 567
(1996).
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P6
Non-Gaussian work statistics in fermionic nanostructures

András Grabarits1, Márton Kormos1, Izabella Lovas3, and Gergely Zaránd1,2

1MTA-BME Quantum Dynamics and Correlations Research Group, Institute of Physics,
Budapest University of Technology and Economics, Budafoki ut 8., H-1111 Budapest,

Hungary
2BME-MTA Exotic Quantum Phases ’Lendulet’ Research Group, Institute of Physics,
Budapest University of Technology and Economics, Budafoki ut 8., H-1111 Budapest,

Hungary
3Department of Physics and Institute for Advanced Study, Technical University of Munich,

85748 Garching, Germany

We investigate the statistical properties of work performed on generic disordered fermionic
nanograins during non-equilibrium quantum quenches. While much attention has been de-
voted to zero temperature properties[1,2], here we discuss the effects of finite temperature
[3]. We generalize our zero temperature determinant formula for extracting the full statistics
of work, and apply for finite temperature quenches in a fermionic random matrix ensembles.
Similarly to the zero temperature case, the distribution of quantum work is found to be univer-
sal: it depends only on the temperature and the average work, and can be captured in terms of
a classical Markovian diffusion process, considering particle transfers as random events medi-
ated by Landau-Zener transitions. In contrast to the zero temperature case, the work can also
take negative values, and for large temperatures it converges to a Gaussian distribution. We
also find that average work grows linearly in time independently of the temperature. While
work fluctuations preserve their superdiffusive character at low temperatures, in the opposite
limit they grow diffusively. We also verified that for symmetrical cyclic driving our results
satisfy the Crooks fluctuation relation at finite temperatures.

[1] I. Lovas, A. Grabarits, M. Kormos, and G. Zaránd, Phys. Rev. Research 2, 023224 (2020).

[2] A. Grabarits, I. Lovas, M. Kormos, and G. Zaránd (to be submitted to Phys. Rev. Lett.).

[3] A. Grabarits, M. Kormos, I. Lovas, and G. Zaránd (to be submitted to Phys. Rev. B).
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Finding the set of measurements which allows for quantum state tomography (QST) in the
fastest way while reaching the desired precision is of high practical relevance. For a few
scenarios, analytical solutions to this problem are known, e.g. for non-degenerate projective
measurements, the eigenbases of the optimal set of measurement operators form a complete
set of mutually unbiased bases (MUBs), which is known to exist for Hilbert spaces of prime-
power dimension [1]; for measuring one qubit in a set of N qubits, the optimal choice for
a QST measurement scheme is a set of mutually unbiased subspaces (MUSs), which can be
constructed from a complete set of MUBs [2]. Here, we present a flexible scheme which
allows to obtain numerically an optimized QST measurement set given the specifications of
the system and of the measurements. It is applicable to many situations where no analyti-
cal expression of the optimal QST scheme is known. Its physical relevance is demonstrated
by considering the qubit-qutrit system of dimension six where no complete set of MUBs is
known. Such a system is realized for example in a nitrogen-vacancy center in diamond by
the N-14 nuclear spin-1 (qutrit) and two electronic states (qubit). We formulate the search
for the fastest QST measurement scheme as a high-dimensional optimization problem and
numerically obtain a solution whose deviations from a set of MUSs are so small that they
are without practical relevance [3]. Furthermore, we investigate the performance of machine
learning approaches applied to the optimization problem we obtain for the case of individual
rank-1 projection operators being the measurements in an eight-dimensional system [4]. We
demonstrate the usefulness of machine learning techniques to discover measurement schemes,
which are significantly better than the ones discovered by standard numerical methods. The
high-performing quorums of projection operators we have discovered have complex struc-
ture and symmetries. This work was partially supported by the Zukunftskolleg (University of
Konstanz) and the Bulgarian National Science Fund under the contract No KP-06-PM 32/8.

[1] W. K. Wootters and B. D. Fields, Ann. Phys. 191, 363 (1989).

[2] B. G. Bodmann and J. I. Haas, Proc. Amer. Math. Soc. 146, 2601 (2018).

[3] V. N. Ivanova-Rohling, G. Burkard, and N. Rohling, arXiv:2012.14494.

[4] V. N. Ivanova-Rohling and N. Rohling, Cyb. and Inf. Technol., 20 (6), 61 (2020).
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Quantum coherent superpositions of states with different energies, i.e., states with coher-
ence with respect to energy basis, are important resource for modern quantum technologies.
States with small coherence can be obtained either autonomously, due to the effect of a weak
coherent drive or, potentially, due to the presence of an environment. Here, we propose a
measurement-based protocol for quantum coherence synthesis from individual systems (with
low initial coherence) into a global (and higher) coherence of the joint system. As an input, it
uses N non-interacting copies of two-level systems (TLS), with low initial energy and coher-
ence. These can be supplied by, e.g., a weak external drive or can result from an interaction
with a bath. This protocol conditionally synthesizes an output state with higher energy and co-
herence than the initial state had, representing an universal process whose rules have not been
well studied, yet. In addition to energy and coherence, we study the quantity called mutual
coherence, showing increase after the protocol application, as well. This approach is based
on application of sequential pairwise projective measurements on TLS pairs (conditionally
removing their ground states), that are diagonal in the TLS energy basis. The functionality of
the coherence synthesis is robust with respect to dephasing effects of the TLS environment on
the system. Our approach may show its benefits in quantum sensing, quantum batteries charg-
ing, or other applications where synthesis of a larger coherent system from smaller (weaker)
resources is useful.

[1] T. Baumgratz, M. Cramer, and M.B. Plenio, PRL 113, 140401 (2014).

[2] M. Gumberidze, M. Kolář, and R. Filip, Scientific Reports 9, 19628 (2019).
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Classical thermodynamics is considered one of the pillars of macroscopic physics dealing
with notions such as heat and work and their transfer. These notions of work and heat, how-
ever, should be revisited when entering the quantum regime. Many theoretical papers have
addressed the issue of reaching a general theory of quantum thermodynamics with unambigu-
ous definitions for heat and work, and thermodynamic laws. Within these theoretical explo-
rations, special emphasis is given to the role of quantum coherence when extracting work from
quantum systems which allows for strikingly different thermodynamic features [1]. Despite a
growing number of papers investigating the theory of thermodynamics in the quantum realm,
there have been few experimental studies thus far.

Here we demonstrate the ability to experimentally extract work from coherence in a quan-
tum engine and add the work to a (classical) battery. Our quantum engine, a two level system
(InGaAs quantum dot in a GaAs/AlGaAs micropillar cavity), is fueled by a classical laser
drive. We show that by driving the engine with pulses up to full population inversion, we can
extract work depending on the amount of quantum coherence induced in the two level sys-
tem. We further show that the amount of extractable work depends on the purity in frequency
domain and in photon number basis. Finally, we load this work to a battery (laser field) using
homodyne-type measurements and determine the amount of work extracted from the quantum
engine.

The present study highlights the key role of quantum coherence in the laws of quantum
thermodynamics, and demonstrates unambiguously the ability to add work from a quantum
engine to a battery.

[1] Monsel, J. et al., "The energetic cost of work extraction", PRL, 124, 130601 (2020)
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We consider a particle detector interacting with a massless scalar quantum field through the
Unruh-DeWitt interaction Hamiltonian. We model the detector as a quantum oscillator of
finite size. The detector-field system is shown to be mathematically equivalent to a quantum
Brownian motion (QBM) model for an harmonic oscillator in an Ohmic environment, the role
of which is played by the field. We evaluate the covariance matrix for an accelerated detector,
identifying the regimes where non-Markovian effects become significant and discussing the
effect of the size to the detector’s response. We show that the late-time asymptotic state of the
detector is a thermal state at the Unruh temperature.
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Artificially inducing lattices in electronic and photonic systems is a powerful tool to engineer
material properties with applications ranging from crystal cavities to superconductivity. Here,
we present a new way of inducing a lattice in the electronic states of a 2D semiconductor.
Transition metal dichalcogenides (TMDs) are a class of 2D semiconductors that can be ex-
foliated down to the monolayer limit, yielding strong interactions between electrons whose
motion is restricted to 2D. Because of the layered nature of exfoliatable 2D materials, TMDs
can be combined with insulators (hBN) and conductors (graphene) to form complex nanos-
tructures, exploring the ultimate limit of electronics by precise control over atomic thickness.

We fabricate a heterostructure consisting of a 2D semiconductor in close proximity to
an angle-aligned combination of hBN and graphene. We show that the superlattice potential
from hBN-graphene is imprinted onto the TMD via Coulomb interaction, leading to mini-
band formation and characteristic spectroscopic signatures of step-like charging upon electro-
static doping. This is a system of two different Fermi seas which are coupled via Coulomb
interaction. This uncharted territory enables explorations in many directions.

141



P12
Dynamically assisted tunneling in the impulse regime

Christian Kohlfürst1, Friedemann Queisser1,2, and Ralf Schützhold1,2

1Helmholtz-Zentrum Dresden-Rossendorf, Bautzner Landstrasse 400, 01328 Dresden,
Germany

2Institut für Theoretische Physik, TU Dresden, Zellescher Weg 17, Dresden, Germany

We study the enhancement of tunneling through a potential barrier V (x) by a time-dependent
electric field with special emphasis on pulse-shaped vector potentials such as Ax(t) =

A0/ cosh2(ωt). In addition to the known effects of pre-acceleration and potential deformation
already present in the adiabatic regime, as well as energy mixing in analogy to the Franz-
Keldysh effect in the non-adiabatic (impulse) regime, the pulse Ax(t) can enhance tunneling
by “pushing” part of the wave-function out of the rear end of the barrier. Besides the natural
applications in condensed matter and atomic physics, these findings could be relevant for nu-
clear fusion, where pulses Ax(t) with ω = 1 keV and peak field strengths of 1016 V/m might
enhance tunneling rates significantly.
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Low-dimensional systems suffer from fluctuations which tend to destroy long-range order.
In superconducting nanowires, this general statement manifests itself most prominently in
the effect of so-called phase slips. In sufficiently thin wires phase slips completely disrupt
long-range phase coherence and induce finite resistance which persists down to lowest tem-
peratures T , thus, destroying superconductivity in the usual sense. Here, we address – both
experimentally and theoretically – this state and show that in fact, it demonstrates a mixture
of superconducting-like properties at shorter scales and non-superconducting behavior at long
scales. Here, we introduce a physical concept of QPS-controlled localization of Cooper pairs
that may occur even in uniform nanowires and identify a width-dependent critical length scale
Lc which separates relatively long wires that remain resistive within the whole range of tem-
peratures and relatively shorter ones with resistances sharply decreasing as the temperature
is lowered. In contrast, the electron spectrum of all, even the most resistive, wires exhibits
a well-defined superconducting gap while performing tunnel measurements on them yields
superconducting-like I − V curves. Furthermore, some of the samples demonstrate clear
signs of Josephson current passing through the wire. Owing to the simultaneous presence of
both superconducting-like and insulating-like properties, we name this state a superconduct-
ing insulator [1].

A.R. acknowledges financial support from RFBR grant No. 19-32-90229.

[1] K. Arutyunov, J. Lehtinen, A. Radkevich, A. Semenov, and A. Zaikin, Comm. Phys. 4
(2021) 146
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The evolution of the peak height of energy-resolved electronic wave-packets ballistically prop-
agate along integer quantum Hall edge channels at filling factor equal to two is related to the
elastic scattering amplitude for the fermionic excitations evaluated at different injection ener-
gies. We investigate this quantity assuming a short-range capacitive coupling between edge
channels [1]. Moreover, we also phenomenologically take into account the possibility of en-
ergy dissipation towards additional degrees of freedom—both linear and quadratic—in the
injection energy. Through a comparison with recent experimental data [2], we rule out the
non-dissipative case as well as a quadratic dependence of the dissipation, indicating a linear
energy loss rate as the best candidate for describing the behavior of the quasi-particle peak at
short enough propagation lengths. Moreover, the unavoidable effects of interactions, in realis-
tic experimental situations, can be taken into account in a quantum point contact geometry to
investigate the squeezing of the emitted microwave radiation through the study of the current
fluctuations at finite frequency [3].

[1] G. Rebora et al., Entropy 138 (2021)

[2] R. H. Rodriguez et al., Nat. Comm. 2426 (2020)

[3] G. Rebora et al., New J. Phys 23, 063018 (2021)
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Quantum state tomography (QST) is the process of obtaining an estimate for the density ma-
trix of a quantum system performing measurements on several copies of the state of the sys-
tem. We focus here on systems of finite dimension n. QST is an essential yet time-consuming
tool for the verification of a quantum device. Consequently, finding the set of measurements
which allows for QST with the largest information gain is of high practical relevance. An
information-gain-based quality measure for a QST measurement set was introduced by Woot-
ters and Fields [1]. This quality measure is the volume spanned by the linear independent
projection operators included in the set of measurement. In case of non-degenerate projec-
tive measurement this was used by Wootters and Fields to show that a set of n + 1 mutually
unbiased bases is the ideal choice for the eigenbases of the measurement operators. The
same quality measure can be used to obtain numerically an optimal QST measurement set for
degenerate measurements, e.g. for measurements projecting on one-dimensional [2] or n/2-
dimensional subspaces [3]. Here, we introduce a quality measure for a QST measurement set
under noise, which is given by Wootters and Fields’ quality measure times a noise-dependent
correction factor. When the noise-affected measurement j performs the noise-free measure-
ment with a probability qj and project on the maximally mixed state with a probability 1− qj ,
then the correction factor is the product of the qj to a power depending on the dimension n
and on the rank of the projectors describing the ideal measurements. We use this formalism
to investigate (i) QST for a single qubit with noise being zero at the poles and maximal at
the equator of the Bloch sphere, (ii) QST for two qubits with non-degenerate measurements,
and (iii) QST for two qubits with rank-1 projectors, where the measurements in (ii) and (iii)
are realized by measuring in standard basis preceded by a sequence of perfect single-qubit
rotations and noisy two-qubit gates. This work was partially supported by the Zukunftskol-
leg (University of Konstanz) and the Bulgarian National Science Fund under the contract No
KP-06-PM 32/8.

[1] W. K. Wootters and B. D. Fields, Ann. Phys. 191, 363 (1989).

[2] V. N. Ivanova-Rohling and N. Rohling, Phys. Rev. A 100, 032332 (2019).

[3] V. N. Ivanova-Rohling, G. Burkard, and N. Rohling, arXiv:2012.14494.
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Nonlinear optics related to a one-photon and a two-photon resonances with atomic or molec-
ular levels when laser pulses excite the quantum coherence is a broad area of research. For
example, Raman spectroscopy is one among many powerful techniques that has been widely
used in engineering, chemical, and biological applications. In an effort to improve the raman
spectroscopy, new techniques have evolved introducing modified optical pulses and models.
Applying the femtosecond adaptive technique allows researchers to excite maximal vibra-
tional coherence to improve the sensitivity of coherent Raman spectroscopy and to perform
real time identification of bacterial spores and biomolecules. The femtosecond-laser-based co-
herent anti-Stokes Raman spectroscopy (CARS) has been used extensively in time-resolved
nonlinear spectroscopy research in recent years. It is used in several fields of study, such as
identifying molecules in chemistry, measuring temperature in solid-state physics, and non-
invasive monitoring of muscle tissue, among other things.

It is the quantum coherent effects that have strong influence on the Raman scattering.
Quantum coherence effects, such as coherent population trapping (CPT) and electromagnet-
ically induced transparency (EIT), have been the focus of broad research activity for the last
decades, as they drastically change optical properties of media. For example, for EIT in CW
and pulsed regimes, absorption practically vanishes.

In this poster, we present our study of the excitation of the quantum coherence in a Λ-type
molecular media. We have considered the two- and three-level molecules. The dressed state
basis approach is employed, which provides deep physical insights showing interaction of
“bright” and “dark” states with radiation. For the four-level model, we find two sets of the
bright and dark states that show the important role of coherent population trapping between
split ground states on Raman scattering in such molecular systems. The level structure of
the model is common for the molecular media, where the split ground states can be viewed
as rotational levels in addition to the vibrational levels with much higher frequency. We
demonstrate the importance of formation of dark states between rotational levels on Raman
and stimulated Raman scattering. We consider the propagation effects for the case when the
vibrational-rotational coherence is induced. In particular, we consider a gas of three- and
four-level atoms or molecules in the presence of two coherent optical pulses.
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Theories of classical physics do not need the necessity for an interpretation of the meaning
of their mathematical symbols. They are abbreviations of concepts derived from the observed
phenomena of the macroscopic world and thus already endowed with it. As to fundamental
equations, then the character of their actions is in harmony with the course of the observed
reality they designed to describe. Therefore we have an intuitive understanding of classical
physics.

The opposite situation is in quantum physics. It has an acute need for an interpretation.
The reason for it is that the symbols of its mathematical formalism are no more abbrevia-
tions of concepts emerging from the observed phenomena. Its fundamental equations are not
derivable from empirical data by the analogy of the classical case but appear in an ad hoc
manner. This lack of a direct link between mathematical formalism and empirical reality and
the abstract character of equations makes quantum theory incomprehensible.

Nevertheless, it works, giving a complete and consistent description of all quantum phe-
nomena. It means that to elicit the meaning of quantum physics’s conceptual content, one
must go beyond the frameworks of its theory. In particular, since quantum states whose ex-
istence is not deducible from any observations correctly describe measurement results, one
must recognize a kind of realness that belongs to them. More precisely, it follows from the
eigenvalue- eigenstate link axiom: In the measurement of an observable, existence of its eigen-
states macroscopically manifests as measurement outcomes - eigenvalues. It does not mean
that a quantum object comes into an eigenstate (an observable acquires a numerical value) in
the act of measurement. It must already be in an eigenstate of an observable in order for this
state to realize in measurement.

However, the kind of reality of quantum states cardinally differs from the well-known
passive and inert material reality dominated in classical physics. Their existence has a kind of
activity by indicating its non-material or non-physical nature.

At the quantum level, it happens the schism of material reality, as it were. The reality of a
quantum object is the same as the reality of a macroscopic object - it is material. Non-material
become its space-time dynamical properties.
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In tasks of quantum thermodynamics and many body physics, one often needs to extract infor-
mation about the system by making some types of measurements. Typically, these are energy
measurements, particle number measurements, or work measurements. However, in certain
cases these types of measurements are not directly accessible. For example, performing an
energy measurement on a many-body system is experimentally unfeasible. In such cases it
might be still possible to use a proxy - an auxilliary system, which we call a probe. This probe
interacts with the system and some information is transferred to it. I will show that one can
define a measure that shows how much information has been transferred and therefore can ex-
tracted, by measuring this probe. This measure is known as observational entropy (also known
as coarse-grained entropy), now generalized to include arbitrary generalized measurements.
We will demonstrate the general theory on the example of the well-known and experimentally
realizable von Neumann measurement scheme, which translates measurement of any quan-
tum observable on the system to a position measurement of a classical particle. This theory
creates a conceptual framework of treating general information extraction from a quantum
system, by any (most general) means necessary. While it has already found applications
specifically in defining non-equilibrium thermodynamic entropy that characterizes evolution
of quantum many-body systems, this generalized definitions could find applications in open
systems, especially in entropic considerations for example in driven systems, in quantum and
information engines, and generally in nanoscale thermodynamics, which are of growing both
theoretic and experimental interest.
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We present a comprehensive analysis of the set of energy probability distributions, {ri}, that
give rise to pure qutrits that evolve towards a distinguishable state at a finite time, when evolv-
ing under an arbitrary and time-independent Hamiltonian (it generalizes in this case the results
presented in Ref. [1]). The orthogonality condition is exactly solved, revealing a non-trivial
interrelation between τ and the energy spectrum, and allowing the classification of {ri} into
families organized in a 2-simplex, δ2, contained in the probability 2-simplex of R3. Further-
more, the states determined by {ri} are likewise analyzed according to their quantum-speed
limit. Namely, we construct a map that distinguishes those distributions {ri} in δ2 corre-
spondent to states whose orthogonality time is limited by the Mandelstam-Tamm bound, from
those restricted by the Margolus-Levitin one. Our results offer a complete characterization
of the physical quantities that become relevant both in the preparation and in the study of the
dynamics of 3-level states evolving towards orthogonality.

[1] Andrea Valdés-Hernández and Francisco J. Sevilla, A new route toward orthogobality,
Journal of Physics A: Mathematical and Theoretical 54 (2) (2021), 025301 (2021).
arXiv:2009.03478 [quant-ph].

[2] Francisco J. Sevilla, Andrea Valdés-Hernández and Alan J. Barrios, The underlying order
induced by orthogonality and the quantum speed limit, arXiv:2104.01802 [quant-ph].
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In recent years, system of electrons on the liquid helium surface is considered as hot topic
because the electrons encounter very little physical resistance and liquid helium is actually a
very clean medium. Indeed, such a system has been widely used as an experimental model
for investigating two dimensional (2D) quantum and nonequilibrium phenomena. At 0.3 K,
we have recorded currents induced in five Corbino electrodes by spontaneous oscillations of
surface electrons on liquid helium, with a perpendicular magnetic field and microwave radi-
ation. Approaches of time-resolved multi-scale analysis were used to distinguish stochastic
from frequency-modulated deterministic dynamics and visualize the electrons’ underlying
oscillatory dynamics from these recorded data. We have revealed oscillations with a variable
frequency which is dependent on changing the pressing voltage and electron densities. The
main frequency of the oscillations was confirmed to be generated by the inter-edge magneto-
plasmons and modulated by interactions with gravity waves of the surface of liquid helium.
The corresponding patterns of electron motion will be shown for different electron densities
and pressing voltages.
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The dynamical properties of the defected Schrödinger cat states [1] in a dispersive medium
are considered within the phase-space approach based on the Wigner distribution function.
In this approach, the propagation of the Wigner distribution function corresponding to these
states can be expressed by the equation of motion in the Moyal form that is numerically solved
by applying the spectral split-operator method [2,3]. Utilizing this method, the quantumness
of the considered states expressed by the volume of the negative part of the corresponding
Wigner distribution function [4] is analyzed as a function of time. Similarly, the localization
degree of the considered states in the phase space is considered by using the entropic measure
[5]. The above-mentioned analysis is performed in two cases. The first case describes the free
propagation of the defected Schrödinger cat in a one-dimensional homogeneous dispersive
medium. The second case concerns a dispersive medium with a Gaussian barrier which breaks
its homogeneity. Both of these cases are analyzed in the above-barrier reflection regime [6].
This regime does not have a counterpart in classical mechanics and it becomes the source of
the backscattering diffraction process [7].

[1] D. Kołaczek , B. J. Spisak, and M. Wołoszyn, Sci. Rep. 11 (2021) 11619.

[2] R. Cabrera, D. I. Bondar, K. Jacobs, and H. A. Rabitz, Phys. Rev. A 92 (2015) 042122.

[3] D. Kołaczek, B. J. Spisak, and M. Wołoszyn, Int. J. Appl. Math. Comput. Sci 29 (2019)
439.

[4] A. Kenfack and K. Życzkowski, J. Opt. B: Quantum Semiclass. Opt. 6 (2004) 396.

[5] I. Bialynicki-Birula, and Ł. Rudnicki in Statistical Complexity: Applications in Electronic
Structure , edited by K. D. Sen (Springer Netherlands, Dordrecht, 2011), Chap. 1.

[6] N. T. Maitra and E. J. Heller, Phys. Rev. A 54 (1996) 4763.

[7] E. J. Heller, The Semiclassical Way to Dynamics and Spectroscopy (Princeton University
Press, 2018), Chap. 13.
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We have examined some of the origins of oscillatory behaviour in agent-based models which
include our current knowledge on SARS-CoV-2 infectiousness and immunisation. We discuss
only the model that correctly predicts the 11-week oscillation period observed in the Czech
Republic and the mechanisms behind the successful 2020 spring virus suppression. Lockdown
in strict sense or its weaker version - oscillation dampening after first wave - was not achieved
in any European country.

The model is based on following concept: (1) Agents move for a given length of the step in
the random direction. (2) An infected agent infects all non-immune agents present at a given
field. (3) The infected agent is infected for a given time, then becomes immune or dies. (4) For
the mucosal virus, we added the attribute system infection, which makes the agent susceptible
for infection but not dying by the infection. (5) Immunisation is modelled as change of given
number of agents into system immune. (6) Agents have finite lifespan and may reproduce.
The starting parameters are: (1) Population density. (2) Initial number of infected agents.

The length of the step is a simulation of lockdown. At the step 0, the strict lockdown,
infected agents infect only agents initially present at a given field and the virus dies out. A step
1, which was used all agent-based models before, leads to heavily dampen first oscillation.
Any larger step leads to dampened oscillations with period determined by combination of
population density, duration of the disease, duration of immunity and probability of infection.
We know the period of oscillations in the Czech Republic, 11 weeks, and we determined
parameters satisfying this criterion. This is the main conclusion of this work. The decrease of
population density has similar effect as lockdown, the heavy dampening. We suggest that the
reason of success of the spring anti-covid measure in Czechia was dilution of the population by
re-location of people into countryside cottages. The system immunity (prevention of deaths)
is more complicated to predict since we do not know its average duration. Nevertheless,
one of the conclusions from our model is that the existence of oscillations means that the
whole population was infected and is now system immune. The effectively low impact of
vaccination on the level of mucosal infection – as observed by PCR test - is then caused by the
fact that (1) we vaccinate mostly the system immune and (2) the effect of system immunity
on mucosal immunity is very small, if any. The dampened oscillations are consequence of
spatial inhomogeneities which fade-away in time. In the homogeneous/equilibrium state we
observe stable infection of over 20% and mucose immunity of over 35% of the population.
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Salvatore Tirone1, Raffaele Salvia1, and Vittorio Giovannetti1,2,3

1Scuola Normale Superiore, Piazza dei Cavalieri, 7, Pisa, Italy
2NEST - National Enterprise for nanoScience and nanoTechnology, Piazza San Silvestro, 12

Pisa, Italy
3Istituto Nanoscienze-CNR, I-56127, Pisa, Italy

We study the transferring of useful energy (work) along a transmission line that allows for
partial preservation of quantum coherence. As a figure of merit we adopt the maximum val-
ues that ergotropy, total ergotropy, and non-equilibrium free-energy attain at the output of
the line for an assigned input energy threshold. For Phase-Invariant Bosonic Gaussian Chan-
nels (BGCs) models, we show that coherent inputs are optimal. For (one-mode) not Phase-
Invariant BGCs we solve the optimization problem under the extra restriction of Gaussian
input signals.
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Andrea Valdés-Hernández and Francisco J Sevilla

Instituto de Física, Universidad Nacional Autónoma de México, Apartado Postal 20-364,
Ciudad de México, Mexico

We revisit the problem of determining conditions under which a pure state, evolving under an
arbitrary unitary transformation, reaches an orthogonal state in a finite amount of the trans-
formation parameter. Simple geometric considerations disclose the existence of a fundamen-
tal limit for the minimal amount required, providing, in particular, an intuitive hint of the
Mandelstam-Tamm and the Margolus-Levitin bounds. The geometric considerations leads
us to focus on a particular, yet relevant, family of states that evolve towards orthogonality.
Several dynamical features are discussed, which include the (relative) entropy production
during transformation, and special attention is paid to multipartite systems of N bosons that
are allowed to tunnel between two sites. The effects of the tunneling in the amount of trans-
formation required for the system to attain an orthogonal state are revealed, and the relation
between the latter, the tunneling intensity and the mode-entanglement is explored.

[1] Andrea Valdés-Hernández and Francisco J. Sevilla, J. Phys. A: Math. Theor. 54 (2021)
025301.
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Towards detecting traces of quantum friction in the corrections of the

accumulated geometric phase

Ludmila Viotti1, Fernando C Lombardo1, Ricardo S Decca2, and Paula I Villar1

1University of Buenos Aires, Ciudad Universitaria, Pabellon 1, 1428, Argentina
2Indiana University–Purdue University Indianapolis, USA

Spatially separated bodies in a relative motion through vacuum experience a tiny friction force
known as quantum friction (QF). This force has so far eluded experimental detection due to
its small magnitude and short range. Quantitative details revealing traces of the QF in the
degradation of the quantum coherence of a particle are presented. Environmentally induced
decoherence for a particle sliding over a dielectric sheet can be decomposed into contributions
of different signatures: one solely induced by the electromagnetic vacuum in the presence of
the dielectric and another induced by motion. As the geometric phase (GP) has been proved
to be a fruitful venue of investigation to infer features of the quantum systems, herein it is
proposed to use the accumulated GP acquired by a particle as a QF sensor. Furthermore, an
innovative experiment designed to track traces of QF by measuring the velocity dependence of
corrections to the GP and coherence is proposed. The experimentally viable scheme presented
can spark renewed optimism for the detection of non-contact friction, with the hope that this
non-equilibrium phenomenon can be readily measured soon.

[1] npj Quantum Information (2020)6:25 ; https://doi.org/10.1038/s41534-020-0252-x

[2] Adv. Quantum Technol. 2021, 2000155; DOI: 10.1002/qute.202000155
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Australia

In the context of quantum thermodynamics—where thermodynamical quantities are associ-
ated with quantum systems—a question arises whether the notion of temperature can be asso-
ciated with quantum features, in analogy to whether the notion of time can exhibit quantum
features when it is associated with a clock that is itself a quantum system.

In this work we explore two scenarios in which the notion of a ‘superposition of tempera-
tures’ may arise. In the first scenario, the probe system interacts with different baths depend-
ing on the state of another quantum system. In the second, there is a thermalising interaction
with a bath, however the bath together with its purification is correlated with another quantum
system. The bath state is thermal at a temperature dependent on the state of this additional,
control, degree of freedom (DoF). In both cases we derive the final state of all systems and
discuss conditions for thermalisation of the probe and for temperature coherence—understood
as coherence in the DoF on which the temperature depends. We show that the two cases are
surprisingly different: For example, in the first scenario the probe does not thermalise and the
temperature coherence is reduced even when the bath states are identical, at the same tem-
perature. In the analogous case of equal temperatures in the second scenario, the probe does
thermalise and the coherence is maximal. We also find that the final probe states depend on
the physical context and even physical realisation of the thermalising channels—being sensi-
tive to the particular Kraus representations of the channels—which may explain some of the
results obtained in the context of quantum interference of relativistic particle detectors ther-
malising with Unruh/Hawking radiation. Our results extend to partial and pre-thermalisation,
which we study by introducing a collisional model of thermalising interactions between the
system and the bath(s).
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The Air Force Institute of Technology (AFIT) is building a quantum optics and quantum
information laboratory to study single photon phenomena and its applications. Examples of
applications include the storage of light in electromagnetically induced transparency and the
free space propagation of qubits through a turbulent atmospheric turbulence. This presentation
details the current equipment available at AFIT, some initial experiments conducted with the
equipment, and the plan for building an atmospheric turbulence simulator that statistically
represents ground-to-space quantum communications. Currently, the lab contains QuTool’s
QuEd kit and IDQuantique’s Quantum Key Distribution (QKD) system. Both an interference
pattern and a HOM dip were measured using QuTool’s Michelson Interferometer and Hang-
Ou-Mandel modules. A visibility of 83% and a coherence length of 1.5mm were recorded.
IDQuantique’s QKD system successfully generated secret keys and measured the quantum bit
error rate. A quantum bit error rate of 1.18% was measured and the secret key generation rate
was on 32761 bits per second.
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Palacký University Olomouc
17. listopadu 1192/12
Olomouc, 771 46
Czech Republic

Dr. Zdeněk Kožíšek
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Conference Site Buildings

Pyramida Hotel

Pyramida Hotel was built in 1980 in the neo-functionalist style with an interesting star-like
ground plan and pyramid-like outer shape. During 2010-2013, the hotel was modernized and
some rooms were upgraded to business class. The hotel offers a wide selection of conference
services.

The Pyramida Hotel is situated in the residential area of Prague called Břevnov near the Prague
Castle - see map ‘Prague center’. It is in the same time very near the historical center of Prague
and Prague international airport - about 20 minutes by car. From the Pyramida Hotel you can
reach easily many historical and important places of Prague taking trams No. 22 which have
their stops nearly in front of the Pyramida Hotel: Prague Castle within about 5 minutes, Lesser
Town is about 10 minutes, Charles Bridge area, too, Old Town and New Town centers (in the
vicinity of Old Town Square and Wenceslas Square) within about 20 minutes ride.

Prague Castle, St. Vitus Cathedral

The Prague Castle, the ancient seat of Czech sovereigns, now the seat of the president of
the Czech Republic, is the most important historical and cultural place of Prague. Its palaces,
Saint Vitus Cathedral and churches situated at the hill above the Vltava River represent the
symbol of the Czech Lands. These palaces, gardens and churches create the largest castle
complex in Europe. You can read more about the Prague Castle in various books on the
European and Czech history besides much special literature devoted just to the Prague Castle,
its history and architecture.

St. Vitus Cathedral (St. Vitus, St. Wenceslas and St. Adalbert Cathedral in full name) has
been always considered to be the most important church of the Czech Lands and intimately
related to the history of the Czech state. The coronations of Czech kings took place in it, and
many kings are buried there.

From the Pyramida Hotel you can reach the Prague Castle

1. either by about 20 minutes walk, starting down along the Bělohorská street (the main
street where the Pyramida Hotel is situated)

2. or by tram No. 22 (1 stop, about 2 minutes) down along Bělohorská street from the stop
Malovanka to the stop Pohořelec, from where you can reach the Prague Castle within
15 minutes walk

3. or going by tram No. 22 (3 stops, 5 minutes) to the Pražský Hrad stop from where you
can reach the central part of the Prague Castle by a side entrance within 5 minutes walk.

The St. Vitus Cathedral is situated in the central part of the Prague Castle.
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