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Introduction

The Wilhelm und Else Heraeus-Stiftung is a private foundation that supports
research and education in science with an emphasis on physics. It is recognized as
Germany's most important private institution funding physics. Some of the
activities of the foundation are carried out in close cooperation with the German
Physical Society (Deutsche Physikalische Gesellschaft). For detailed information
see https://www.we-heraeus-stiftung.de

Aims and scope of the 709. WE-Heraeus-Seminar:

Dissipative quantum systems are already a part of technological reality, their theory is
well developed. What is still missing, however, is the relation between this type of
quantum systems and their classical counterparts, which are dissipative dynamical
systems. Although some steps in this direction have already been taken, progress
remains limited. At the same time, the need for a "theory of dissipative quantum
chaos" is out of question; its necessity is justified by both the experimental advances
and the progress on the side of computational quantum physics of many-body open
systems. The idea of our seminar is to create an interface between the two
communities — researchers working in the field of open quantum systems and in
classical dissipative chaos - and encourage them to make steps towards
categorization of the regimes and phenomena appearing in open quantum systems,
driven far from equilibrium, by using concepts and notions of classical dissipative
chaos. In short, the key issue of the proposed seminar is the following question: How
to "quantize" dissipative chaos? This problem branches into a multitude of intriguing
questions like: Can one differentiate between different regimes of an open non-
equilibrium quantum system, by defining "regular" and "chaotic" quantum
"attractors"? Can one generalize the notion/idea of bifurcations (periodic doubling,
tangent, etc) to quantum dissipative systems? What are (possible) quantum
analogues of synchronization? Where does the road to answers begin? It starts from
discussions and exchange of ideas. This is precisely the aim of the proposed seminar.

Scientific Organizers:

Prof. Dr. Sergej Flach Center for Theoretical Physics of Complex Systems
Institute for Basic Science Daejeon, Korea
E-mail: sergejflach@googlemail.com

Prof. Dr. Jirgen Kurths HU Berlin and PIK Potsdam, Germany
E-mail: kurths@pik-potsdam.de

Prof. Dr. Mikhail Ivanchenko Lobachevsky University, Russia
E-mail: ivanchenko.mv@gmail.com



Program




Sunday, 15 December 2019

17:00 - 21:00  Registration

From 18:30 BUFFET SUPPER and informal get-together

Monday, 16 December 2019

08:00 BREAKFAST

09:00 - 09:15  Scientific organizers  Opening and welcome
09:15-10:00 Sergey Gonchenko Three forms of dynamichal chaos

10:00 - 10:45  Alexander Hramov Hyperchaotic behavior in driven
interacting Rydberg atoms

10:45-11:00 COFFEE BREAK

11:00-11:45  Boris Fine Statistical ensembles realized in many-
body quantum systems with and
without monitoring

11:45-12:30  Alexey Ustinov Microwave driven quantum
metamaterials

12:40 Conference Photo (in the front of the lecture hall)

12:45 LUNCH



Monday, 16 December 2019

14:30-16:00  Colloquium Two approaches to dissipative
Sergey Denisov Quantum Chaos

16:00 - 16:30  COFFEE BREAK

16:30 - 17:00  Igor Yusipov Quantifying dissipative quantum chaos
by Lyapunov exponents and quantum
jumps statistics

17:00 - 17:45  Juzar Thingna Symmetries in Open Quantum Systems
17:45-18:15  Alexander Schnell Floquet Engineering in presence of
dissipation

18:30 DINNER



Tuesday, 17 December 2019

08:00

09:00 - 09:45

09:45 -10:30

10:30-11:00

11:00 - 11:45

11:45 - 12:30

12:40

14:30 - 15:15

15:15-15:45

15:45 -16:15

16:15-17:00

18:00

19:00 - 21:00

BREAKFAST

Dario Poletti

Arkady Pikovsky

COFFEE BREAK

Peter Hanggi

Antonio Politi

LUNCH

Emil Yuzbashyan

Samuel Jacob

COFFEE BREAK

Igor Burmistrov

DINNER

Poster Session |

Asymptotic Floquet states of
interacting open quantum systems and
period-doubling in period-1 steady
states

Phase locking vs frequency

entrainment in synchronization under
common noise

Quantum Dissipation: A Primer

Chaotic dynamics of the discrete
nonlinear Schroedinger equation

Integrable time-dependent
Hamiltonians

Heat and Work in Quantum Scattering
Theory

Multifractality in disordered interacting
electron systems




Wednesday, 18 December 2019

08:00 BREAKFAST

09:00 - 09:45  Daniel Leykam Making light of dissipative quantum
systems

09:45-10:30  Achilleas Lazarides Quantum order at infinite temperature,
time crystals, and dissipation

10:30-11:00 COFFEE BREAK

11:00 - 11:45  Sarika Jalan Explosive Synchronization in Multilayer
Networks
11:45-12:15  Tobias Becker Lindbladian approximation beyond the

ultra weak coupling assumption

12:30 LUNCH

14:00 - 19:00  Excursion (a tour to the Christmas market in Bonn)

19:00 HERAEUS DINNER at the Physikzentrum
(cold & warm buffet, with complimentary drinks)



Thursday, 19 December 2019

08:00

09:00 - 09:45
09:45 - 10:30
10:30 - 10:45
10:45-11:30
11:30 - 12:00
12:00 - 12:30
12:30

14:00 - 14:45
14:45 - 15:30
15:30 - 16:00

BREAKFAST
Eva-Maria Graefe

Karol Zyczkowski

COFFEE BREAK

Eli Barkai

Dariusz Chruscinski

Aniket Patra

LUNCH

Andre Eckardt

Solve Selsto

José Vieira

A PT-symmetric kicked top

Quantum chaos for open systems:
Universal spectra of random Lindblad
operators

Introduction to the quantum first
detection problem

Information flow versus divisibility for
classical and quantum dynamical maps

Driven-Dissipative Dynamics of
Coupled Atomic Clocks

Driven-dissipative ordering and
universal non-equilibrium dynamics in
open quantum gases

Absorbers as tools — and measuring
devices

Quadratic models for heat reservoirs




Thursday, 19 December 2019

16:00 - 16:30  COFFEE BREAK

16:30-17:15  Yuri Maistrenko Multistability in dynamical networks:
from solitary oscillators to spatial chaos

17:15-17:45  Ihor Vakulchyk Quantum trajectories approach to
dissipative boundary conditions for
time-dependent atomic problems

18:00 DINNER

19:00 -21:00 Poster session |l



Friday, 20 December 2019

08:00 BREAKFAST

09:00 - 09:45  Dmitry Turaev Adiabatic control of quantum
mechanical systems

09:45-10:15  Jessica Eastman Controlling chaos in the quantum

regime using adaptive measurements

10:15-10:45 COFFEE BREAK

10:45-11:30  David Luitz Spectral features of generic open
quantum many-body systems
11:30-11:45  Sergej Flach Closing remarks and poster awards

Jirgen Kurths
Mikhail lvanchenko

12:00-13:30 LUNCH

End of the seminar and FAREWELL COFFEE / Departure



Posters




PO1  Andrey Andreev Chaos and hyperchaos in quantum coherent
chains
P02 Tiangi Chen Transport through a single-site Bose-Hubbard

model strongly coupled to two reservoirs

P03 Carlo Danieli Ergodization times and dynamical glass in
classical Josephson junction chains

P04  Christian Duffin Controlling a Quantum System via its
Boundary Conditions

PO5 Pezhman Ebrahimzadeh Minimal Network of Oscillators: Synchrony,
Chimera and beyond

P06 Nikita Frolov Model-free approach for data-driven
generalized synchronization inference based
on feed-forward neural network

P07  Aleksandr Gonchenko Examples of Lorenz-like attractors in three-
dimensional diffeomorphisms

P08 Joseph Hall Chaos in a PT-Symmetric Kicked Rotor

P09  Yagmur Kati Density Resolved Wave Spreading

P10 Alexey Kazakov On the merger of a chaotic attractor with a
chaotic repeller leading to the mixed
dynamics

P11  Pedro G. Lind Can we use quantum states to store classical
Big Data?

P12 Volodymyr Maistrenko Chimera and solitary states in 3D oscillator

networks with inertia



P13  Rohith Manayil Homodyne measure of nonclassicality for
singlemode quantum states of light in the
presence of decoherence

P14  Arindam Mishra Extreme events and chimera in Josephson
junction array

P15  Paul Sanku Rate of decoherence and entanglement
growth in coupled kicked rotors

P16 Nataliya Stankevich Specific type of chaotic attractors with
additional zero Lyapunov exponent in
spectrum in flows

P17  Sai Harshini Tekur Periodic projections in quantum spin chains
P18 Alain Bertrand Homoclinic tangle and supratransmission
Togueu Motcheyo threshold in discrete nonlinear lattice
P19 Olga Vershinina Chaotic transitions in model open quantum
systems
P20 Evgeny Volkov Quasiperiodicity, chaos and the loss of

symmetry in two quorum sensing coupled
identical ring oscillators

P21  Valentin Volokitin Is there Lindbladian?: A computer-aided
search



Abstracts of Lectures

(in chronological order)




Three forms of dynamical chaos

Sergey Gonchenko

Lobachevsky State University of Nizhny Novgorod, Russia
E-mail: sergey.gonchenko@mail.ru

When it comes to dynamical chaos, one usually refers to one of its two quite different
forms. In Hamiltonian systems, conservative chaos is observed, which looks in the
phase space as a “‘chaotic sea" with elliptic islands inside it. Chaos in dissipative
systems has a completely different nature, and it is associated with strange attractors.
The aim of the lecture is to draw attention to yet another, third, form of chaos, the so-
called “mixed dynamics". This type of chaos is characterized fundamentally by
principal inseparability from each other in the phase space of attractors, repellers and
conservative elements of dynamics (e.g., elliptic points, KAM-curves, etc.). The fact
that, in the case of mixed dynamics, attractors can intersect with repellers seems, at first
glance, very strange and contrary to common sense. In the recent work with D. Turaev
[1], we made some attempt to resolve this contradiction by changing the concept of
attractor, however, keeping its property of “*being closed invariant and stable set", but
nevertheless allowing it to intersect with a repeller along some invariant set, the so-
called reversible core which does not attract or repel anything. It should be noted that
mixed dynamics are often observed in applications, for example, in nonholonomic
models of rigid body motion. Relevant examples will also be considered in the lecture.

References

[1] Gonchenko S.V., Turaev D.V., On three types of dynamics and the notion of attractor
I
Proceedings of the Steklov Institute of Mathematics, 2017, v.297, No.1, 116-137.



Hyperchaotic behavior in driven interacting Rydberg
atoms

Alexander G. Balanov', Alexander E. Hramov?

"Loughborough University, Loughborough, United Kingdom
2Innopolis University, Innopolis, Russia

We study the chain of coupled quantum coherent systems with energy pumping and
dissipation. Examples of such systems include the coupled Rydberg atoms with laser
driving and spontaneous emission. We found out that such system are able to
demonstrate a spontaneous onset of chaotic and even hyperchaotic oscillations,
which are characterized by one or several positive Lyapunov exponents. Remarkably,
the number of the positive Lyapunov exponents grows with the number of the chain
elements. Hence a large chain is able to demonstrate highly irregular behaviour. We
investigate transition from regular to chaotic behaviour and show that appropriately
chosen periodic stimuli can suppress even high-order chaos making the system
behave regularly.



Statistical ensembles realized in many-body
quantum systems with and without monitoring

Boris V. Fine'

'Skolkovo institute of Science and Technology, Nobel Str. 3, Moscow 143026 ,
Russia

A pure state of an isolated many-body quantum systems is, in general, a
superposition of exponentially many eigenstates. When not disturbed by external
measurements, these superpositions may give rise to statistical ensembles that have
rather nonintuitive properties, such as coexistence of many energy shells
corresponding to different temperatures[1], or exponential suppression of the noise
for the expectation values of quantum observables[2]. In the talk, | discuss how
these ensembles may emerge dynamically[3] and how their commonly expected
properties are recovered once the system becomes monitored through random
measurements[4]. | also discuss a new numerical technique of hybrid quantum-
classical simulations that allows one to obtain dynamical correlations of practical
interest from exponentially suppressed quantum noise[5,6].

References

[1] B. V. Fine, Typical state of an isolated quantum system with fixed energy and
unrestricted participation of eigenstates, Phys. Rev. E 80, 051130 (2009)

[2] T. A. Elsayed, B. V. Fine, Regression relation for pure quantum states and its
implications for efficient computing, Phys. Rev. Lett. 110, 070404 (2013)

[3] K. Jiand B. V. Fine, Non-thermal statistics in isolated quantum spin clusters after a
series of perturbations, Phys. Rev. Lett. 107, 050401 (2011)

[4] W. Hahn, B.V. Fine, Stability of quantum statistical ensembles with respect to local
measurements, Phys. Rev. E 94, 062106 (2016)

[5] G. A. Starkov, B. V. Fine , Hybrid quantum-classical method for simulating high-
temperature dynamics of nuclear spins in solids, Physical Review B 98 214421
(2018)

[6] G. A. Starkov, B. V. Fine , Free induction decays in nuclear spin-1/2 lattices with
small number of interacting neighbors: the cases of silicon and fluorapatite
arXiv:1911.00990 (2019)




Microwave driven quantum metamaterials

Alexey V. Ustinov
Physics Institute, Karlsruhe Institute of Technology, Karlsruhe, Germany

Presently developed platforms for building quantum computers offer a variety of
techniques to experiment with open driven quantum systems. Superconducting
qubits are the most advanced technology for quantum computing. These qubits are
electronic circuits which can be easily scaled up in number. Putting many qubits
together in the form of an array makes it possible to experimentally study the
quantum dynamics of an open quantum system with many degrees of freedom. In
this talk, | will present an overview of our recent experiments with arrays of up to 90
superconducting qubits [1] coupled to a cavity or a waveguide. We dub these arrays
as quantum metamaterials. In general, metamaterials are artificial engineered media
of meta-atoms that enable tailored interactions with electromagnetic waves. Being
driven by microwave fields, quantum metamaterials are expected to form collective
super- and sub-radiant states. While modern technology does not allow making the
transition frequencies of superconducting meta-atoms (qubits) exactly the same, their
frequency spread can be traded against their coupling strength to propagating
electromagnetic fields. We have observed quantum synchronization in arrays of
different types of superconducting qubits, achieving strong coupling between
electromagnetic field and mesoscopic ensembles of qubits [2,3]. Superconducting
quantum technology thus unlocks an emerging new field of quantum metamaterials
making it possible to explore driven collective quantum dynamics [4].

References

[1] J. Brehm, et al., to be published (2019)

[2]1 P. Macha, et al., Nature Commun. 5, 5146 (2014)
[3]1 K. V. Shulga, et al., JETP Lett. 105, 47 (2017)

[4] K. V. Shulga, et al., Nature Commun. 9, 150 (2018)



Two approaches to dissipative Quantum Chaos

S. Denisov

Department of Computer Science, OsloMet - Oslo Metropolitan University,
Pilestredet 35 PS428, 0166 Oslo, Norway

The agenda of the emerging theory of dissipative Quantum Chaos (dQC) is to
relate regimes occurring in open quantum systems, when the latter are driven out
of equilibrium, to phenomena of classical dissipative chaos. There are many ways
to move towards this goal; I will discuss two of them, which seem to be most
unintuitive at the moment.

First, it is an attempt to build a spectral theory of the dQC. More precise, it is
an attempt to use the ideology and machinery of the existing spectral theory of
Hamiltonian QC and random matrix theory in order to develop a theory addressing
spectral properties of generators of open quantum evolution (often called
‘Lindbladians’) and of their eigenstates (asymptotic density matrices).

Second, it is a generalization of the concept of Lyapunov exponents to
Markovian quantum evolution by implementing different unravellings of the
corresponding Master equations into ensembles of stochastic quantum trajectories.

Currently these two approaches do not overlap. It is interesting therefore to
discuss whether they are - and how they could be - related.



Quantifying dissipative quantum chaos by Lyapunov
exponents and quantum jumps statistics

l. Yusipov', M. lvanchenko' and S. Denysov?

"Department of Applied Mathematics, Lobachevsky University, Nizhny Novgorod
603950, Russia
2Department of Computer Science, Oslo Metropolitan University, Oslo N-0130,
Norway

Quantum systems, when interacting with their environments, may exhibit
nonequilibrium states that are tempting to be interpreted as quantum analogs of
chaotic attractors. However, different from the Hamiltonian case, the toolbox for
quantifying dissipative quantum chaos remains limited. In particular, quantum
generalizations of Lyapunov exponents, the main quantifiers of classical chaos, are
established only within the framework of continuous measurements. We propose an
alternative generalization based on the unraveling of quantum master equation into
an ensemble of “quantum trajectories” [1].

We find that in chaotic regime (with positive quantum lyapunov exponent) there
appears an intermediate power-law statistics in distribution between quantum jumps.
It suggest the way for detecting dissipative quantum chaos in experiment, for
example, by photon counting statistics.

We illustrate the results with two models: 1) Periodically modulated open quantum
dimer; 2) Kerr-nonlinear cavity which is periodically modulated in time by coherently
pumping the intra-cavity photonic mode.

References

[1] L I Yusipov, Chaos 29, 063130 (2019)



Symmetries in Open Quantum Systems
J. Thingna', D. Manzano?, and J. Cao®

"Center for Theoretical Physics of Complex Systems, Institute for Basic Science (IBS), Daejeon
34126, Republic of Korea.
2Universidad de Granada, Departamento de Electromagnetismo y Fisica de la Materia and Instituto
Carlos | de Fisica Tedrica y Computacional, Granada 18071, Spain.
SMassachusetts Institute of Technology, Chemistry Department. Cambridge, Massachusstts 02139,
USA.

Controlling nonequilibrium properties of quantum systems holds the key to many promising
quantum technologies. I’ll introduce the power of symmetry as a resource to manipulate
quantum Non-Equilibrium Steady States (NESS). In the first part, I’ll talk about the role of
symmetries in steady state quantum transport and how this concept can be exploited to control
quantum currents. I’ll then introduce a novel scheme to identify symmetries in presence of a
weak disorder. The scheme will identify key signatures in the dynamical quantum currents
that are unique to symmetric systems and give us vital information about the underlying
molecular symmetries [1]. In the second part, I’ll introduce magnetic fields that can be used to
break the open system symmetries in quantum networks. In the absence of a magnetic field
the open system symmetries are preserved and help modulate the NESS based on the
symmetry decomposition of the initial state. The presence of a magnetic field breaks
symmetries in preferential directions with all symmetries being broken only in the presence of
an anisotropic field [2]. These results demonstrate the importance of symmetry not only as an
organizing principle in physics but also as a tool to control quantum systems [3].

References

[1] J. Thingna, D. Manzano, and J. Cao, Scientific Reports 6, 28027 (2016).
[2] J. Thingna, D. Manzano, and J. Cao, arXiv:1909.09549 (2019).
[3] D. Manzano and P.l. Hurtado, Adv. Phys. 67, 1 (2018).



Floquet Engineering in presence of dissipation

Alexander Schnell'-2, André Eckardt!2 and Sergey Denisov32

1Max-Planck-Institut fiir Physik komplexer Systeme, Dresden, Germany
2Center for Theoretical Physics of Complex Systems, IBS, Daejeon, South Korea
3Department of Computer Science, OsloMet—-Oslo Metropolitan University, Norway
E-mail: schnell@pks.mpg.de

The stroboscopic evolution of a time-periodically driven isolated quantum system can
always be described by an effective time-independent Hamiltonian. Whether this
concept can be generalized to open Floquet systems, described by a Markovian
master equation with time-periodic Lindbladian generator, remains an open question.
By using a two level system as a model,

o
H() = -iz- + Ecos(wt — )  with jump operator L =/yo_,

we explicitly show the existence of two well-defined parameter regions [1], Fig. 1(a).
In one region the stroboscopic evolution can be described by a Markovian master
equation with a time-independent Floquet Lindbladian. In the other it cannot; but here
the one-cycle evolution operator can be reproduced with an effective non-Markovian
master equation that is homogeneous but non-local in time. Interestingly, we find that
the boundary between the phases depends on when the evolution is stroboscopically
monitored [Fig. 1(b)]. This reveals the non-trivial role played by the micromotion in
the dynamics of open Floquet systems.
Surprisingly, even though the Floquet ()0
Lindbladian is guaranteed to exist in the
high-frequency limit, we show that a o
conventional Magnus high-frequency 3
expansion leads to an unphysical 2
generator [2, 3]. We discuss how the
Floquet Lindbladian can neverthless be 0
extracted from high-frequency g . g L . 2
expansions [2, 4] in the rotating frame
and gain thereby some understanding
of the nontrivial role of the micromotion.

(b)6

logyq(1)

Fig. 1. Region where an effective Floquet
Lindblad generator exists (white) and
where no generator exists (blue) for driving
phase (a) ¢ = 0 and (b) ¢ = n/2.

References

1. A. Schnell, A. Eckardt, S. Denisov, arXiv preprint, arXiv:1809.11121 (2018)
2. A. Schnell, S. Denisov, A. Eckardt, in preparation

3. F. Haddadfarshi, J. Cui, F. Mintert, Phys. Rev. Lett. 114, 130402 (2015)

4. A. Eckardt and E. Anisimovas, New J. Phys. 17, 093039 (2015)



Asymptotic Floquet states of interacting open
quantum systems and
period-doubling in period-1 steady states

M. Hartmann', M. lvanchenko?, S. Denisov?, P. Hanggi'
Reuben R. W. Wang*, Bo Xing*, Gabriel G. CarloS, Dario Poletti*

? University of Augsburg
2| obachevsky State University of Nizhny Novgorod, Russia
3 Oslo Metropolitan University, Norway
“Singapore University of Technology and Design, Singapore
5CNEA, Buenos Aires, Argentina

We investigate the asymptotic state of a periodically driven many-body quantum
system which is weakly coupled to an environment. The combined action of the
modulations and the environment steers the system towards a state being
characterized by a time-periodic density operator. To resolve this asymptotic non-
equilibrium state at stroboscopic instants of time, we use a dissipative Floquet map,
evaluate the stroboscopic density operator as its eigen-element and elucidate how
particle interactions affect properties of the density operator. We illustrate the idea
with a periodically modulated Bose-Hubbard dimer and discuss the relations between
the interaction-induced bifurcations in a mean-field dynamics and changes in the
characteristics of the genuine quantum many-body state. We argue that Floquet
maps provide insight into the system relaxation towards its asymptotic state and may
help to understand whether it is possible (or not) to construct a stroboscopic time-
independent generator mimicking the action of the original time-dependent one.

Thanks to this framework we then move on to study an interesting aspect of the
classical-quantum correspondence principle. Nonlinear classical dissipative systems
present a rich phenomenology in their "route to chaos", including period-doubling, i.e.
the system evolves with a period which is twice that of the driving. However, typically
the attractor of a periodically driven quantum open system evolves with a period
which exactly matches that of the driving. Here we analyze a manybody open
quantum system whose classical correspondent presents period-doubling. We show
that by analysing the spectrum of the periodic propagator and by studying the
dynamical correlations, it is possible to show the occurrence of period-doubling in the
quantum (period-1) steady state. We also discuss that such systems are natural
candidates for clean Floquet time crystals.

References
[1] M. Hartmann, D. Poletti, M. Ivanchenko, S. Denisov, P. Hanggi, New J. Phys.
19, 083011 (2017)
[21 R.RW. Wang, Bo. Xing, G.G. Carlo, D. Poletti, Phys. Rev. E 97, 020202
(2018)



Phase locking vs frequency entrainment in
synchronization under common noise

M. Rosenblum’, A. Pikovsky', A. Dolmatova?, and D. Goldobin?

"University of Potsdam, Karl-Liebknecht-Str. 24-25, 14476 Potsdam, Germany
2 Institute of Continuous Media Mechanics, UB RAS, Perm 614013, Russia

In the theory of synchronization, two notions are commonly used: phase locking and
frequency entrainment. Here it is reported on a situation, where phase locking is
accompanied by frequency anti-entrainment [1-3]. We consider a Kuramoto model of
globally coupled oscillators, with an additional common noise action. Theory of
synchronization is based on the Ott-Antonsen ansatz, allowing for a derivation of a
closed stochastic Langevin equation for the order parameter. Solution of this
equation shows, that for repulsive coupling, in the phase locked states with a large
order parameter the frequencies of oscillators are pulled apart.

References

[1]1 A.V.Pimenova, D. S. Goldobin, M. Rosenblum, and A. Pikovsky, Sci. Reports
6, 38158 (2016)

[2] D. S. Goldobin, A. V. Pimenova, M. Rosenblum, and A. Pikovsky, Eur. Phys.
J. Special Topics v. 226, 1921?1937 (2017)

[3] A.V.Dolmatova, D. S. Goldobin, and A. Pikovsky, Phys Rev E, v. 96, 062204
(2017)



Quantum Dissipation: A Primer

Peter Hanggqi

University of Augsburg, Dept. Physics, Universitétsstr. 1, D-86135 Augsburg,
Germany

We present the topic of describing dissipation within the realm of *quantum mechanics*.
A survey of different approaches are introduced and commented. The issue of
quantum dissipation is exemplified using the archetype problem of a damped harmonic
quantum oscillator (at weak and strong coupling). The role of quantum fluctuations is
discussed, using both, the nonlinear generalized quantum-Langevin equation and the
path integral approach. We discuss the consequences of the time-reversal symmetry
for an open dissipative quantum dynamics and, foremost, point to a series of subtleties
and possible pitfalls. We elucidate the issue with some applications such as dissipative
quantum decay and quantum stochastic resonance.

Pertinent References

[1] H. Grabert, P. Schramm, and G.-L. Ingold, Quantum Brownian motion:
The functional integral approach, Phys. Rep. 168, 115-207 (1988).

[2] Floquet approach for quantum dissipation.
(a) M. Grifoni and P. Hanggi, Driven Quantum Tunneling, Phys. Rep. 304, 229-354 (1998)
(b) S. Kohler, J. Lehmann and P. Hanggi, Driven quantum transport on the nanoscale
Phys. Rep. 406. 379-443 (2005).

[3] History, subtleties and pitfalls
P. Hanggi and G. L. Ingold, Fundamental aspects of quantum Brownian motion,
Chaos 15, 026105 (2005).



Chaotic dynamics of the discrete nonlinear
Schroedinger equation

A. Politi
Institute of Pure and Applied Mathematics, Aberdeen, UK

The discrete nonlinear Schroedinger (DNLS) equation is a well-known model often
used to provide a semiclassical description of cold atoms in periodic potentials.

The model, per se, describes a Hamiltonian, i.e. conservative, dynamics, which, at
variance with the continuous Schroedinger equation, may be chaotic. | plan to first
briefly review the chaotic properties for different values of the two conserved
quantities (energy and norm) and then to explore the effect of an additional
dissipation, typically added on the boundaries to account for the interaction with an
external thermal bath. The effect of the dissipation (accompanied by thermal
fluctuations) will be discussed both when the chain is characterized by a (statistically)
homogeneous regime and in the presence of (at least) one tall breather, which
strongly slows down internal relaxation [1].

References

[1] S. lubini, L. Chirondojan, G.-L. Oppo, A. Politi, and P. Politi, Phys. Rev. Lett.
122 084102, (2019)



Integrable time-dependent Hamiltonians

Emil A. Yuzbashyan
Department of Physics and Astronomy, Rutgers University, Piscataway, NJ 08854,
USA

In the emerging field of coherent many-body dynamics, we seek to understand the
behavior of an isolated quantum many-body system driven far from equilibrium by
changing its Hamiltonian in time. In this talk, | will identify a general class of many-
body and matrix Hamiltonians for which this problem is exactly solvable. In particular,
| will outline a way to make the parameters (e.g., the interaction strength) of certain
quantum integrable models time-dependent without breaking their integrability.

Interesting many-body models that emerge from this approach include a
superconductor with the interaction strength inversely proportional to time, a Floquet
BCS superconductor, and the problem of molecular production in an atomic Fermi
gas swept through a Feshbach resonance as well as various models of multi-level
Landau-Zener tunneling. | will solve the non-stationary Schrodinger equation exactly
for all these models and discuss some interesting physics that emerges at large
times.

References

[1] E.A.Yuzbashyan, Ann. Phys. 392, 323 (2018)

[2] N. A. Sinitsyn, E. A. Yuzbashyan, V. Y. Chernyak, A. Patra, C. Sun, Phys. Rev.
Lett 120, 190402 (2018)

[3] A.Patraand E. A. Yuzbashyan, J. Phys. A 48, 245303 (2015)



Heat and Work in Quantum Scattering Theory

Samuel L. Jacob?, Massimiliano Esposito! , Juan M.R. Parrondo?,
Felipe Barra®
1Complex Systems and Statistical Mechanics, Physics and Materials Science
Research Unit, University of Luxembourg, L-1511 Luxembourg, G.D. Luxembourg
2 Departamento de Fisica Atomica, Molecular y Nuclear and GISC, Universidad
Complutense Madrid, 28040 Madrid, Spain
3 Departamento de Fisica, Facultad de Ciencias Fisicas y Matematicas, Universidad
de Chile, 837.0415 Santiago, Chile

We study the interaction between a discrete quantum system X and massive
wavepackets Y in an arbitrary kinetic state using quantum scattering theory (QST).
We show that X thermalises and decoheres under repeated scattering with Thermal
states of Y, interpreted as a thermal mixture of wavepackets effusing a reservoir.
Conversely, Gaussian states of Y (whose energy width is narrow compared to the
energy scales of X) lead only to decoherence and can be interpreted as a work
source in the resonant scattering regime. We apply our theory to a 2-level system X
scattering with Y, showing how general energy and entropy changes in QST lead to
kinematic notions of heat and work, and how these changes are modified in the
presence of quantum coherence.



Multifractality in disordered interacting electron
systems

I. S. Burmistrov?!
Landau Institute for Theoretical Physics, Chernogolovka, Russia

In this talk | review our recent theoretical results for multifracal behavior in the
presence of electron-electron interactions in disordered electron systems. In
particular, | will focus on the three specific cases: (i) a vicinity of noninteracting critical
point in the presence of irrelevant short ranged interaction; (ii) a vicinity of non-
interacting critical point in the presence of a relevant weak short-ranged interaction;
(iii) a vicinity of interacting critical point corresponding to Anderson-Mott transition.
The talk is based on the papers [1-6].
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Making light of dissipative quantum systems
D. Leykam

Institute for Basic Science, Daejeon, Korea

Classical photonic systems such as coupled waveguides and resonators provide a
convenient platform for studying the boundary between classical and quantum
dissipative chaos. For example, classical chaos is ubiquitous in coupled
semiconductor laser arrays [1], and by tailoring the coupling and losses of different
array elements we can emulate various non-Hermitian Hamiltonians and Lindblad
master equations [2]. | will present an overview of some recent advances in the
photonic emulation of non-Hermitian and dissipative quantum systems, namely:
» Topological classification of non-Hermitian wave systems [3,4].
* Use of Lindblad master equations to describe the dynamics of ensembles of
systems with static disorder, where disorder-induced fluctuations play the role
of a reservoir [5].
» Emuation of dissipative quantum dynamics using leaky waveguide arrays [6],
and how to use the resulting dissipative dynamics to measure topological
invariants.
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Quantum order at infinite temperature, time crystals,
and dissipation

A. Lazarides
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Discrete time crystals is the name given to many-body systems displaying long-time
dynamics that is sub-harmonic with respect to a driving frequency. While these were
first discussed in closed quantum systems a few years ago, recent work (partly
motivated by experiments) has focussed on including non-unitary effects such as due
to an external environment ("dissipation”). In this talk | will describe one of the unitary
models that display the phenomenon of interest, then discuss a general framework
for subharmonic oscillations stabilised by dissipative dynamics. The unitary and non-
unitary phenomena are conceptually distinct.



Explosive Synchronization in Multilayer Networks
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The network concept has been successfully applied to predict and understand behaviour of
many real-world systems coming from various different fields such as biology, socio-
economical systems, linguistic networks, and technological systems etc. Recent years have
witnessed emergence of the multiplex network framework, which provides more accurate
insights into the behaviors of complex systems possessing multiple types of relations among
the same units. An example of multilayer system can be the transport system of a country or
state in which cities or towns would be the nodes, and a distinct network of each bus, train
and flight connectivity among the nodes (cities) denotes different layers.

Furthermore, first order discontinuous transition to synchronization, popularly known as
explosive synchronization (ES), in a network has been shown to be originated from
considering either degree-frequency correlation, frequency-coupling strength correlation,
inertia or adaptively controlled phase oscillators. Here we show that ES is a generic
phenomenon and can occur in any network by multiplexing it with an appropriate layer
without even considering any prerequisite for the emergence of ES. We devise a technique
which leads to the occurrence of ES in a network upon its multiplexing with a negatively
coupled (or inhibitory) layer. The impact of various structural properties of positively coupled
(or excitatory) and inhibitory layers along with the strength of multiplexing in gaining control
over the induced ES transition is discussed. Analytical prediction for the spread of phase-
distribution of each layer is provided, which are in good agreement with the numerical
assessment. This investigation is a step forward in highlighting the importance of multiplex
framework not only in bringing novel phenomena which are not possible in an isolated
network but also in providing more structural control over the induced phenomena.
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Lindbladian approximation beyond the ultra weak coupling
assumption

Tobias Becker," Lingna Wu,! Daniel Vorberg,' and André Eckardt’
1Max Planck Institute for Physics of Complex Systems, Dresden

Master equations of Lindblad form for the description of open quantum systems have
not only the advantage that they guarantee a completely positive trace preserving (CPT)
evolution. They are also the starting point for efficient stochastic quantum trajectory
simulations. For thermal environments, such Lindblad-type master equations are com-
monly derived by starting from the Redfield-equation obtained within Born-Markov ap-
proximation and by applying additionally also a rotating-wave (or secular) approxima-
tion. However, the latter requires ultra weak system-bath coupling that is small com-
pared to the level splitting in the system, a condition which is hard to achieve in large
systems that approach a continuous spectrum in the thermodynamic limit. Here, we
describe an alternative approximation to the Redfield equation, which also leads to a
master equation of Lindblad form. This approximation does not require ultra weak sys-
tem bath coupling, but rather sufficiently large temperatures. It, thus, works on regimes,
where the secular approximation breaks down. We test our results using the example
of an extended Hubbard chain coupled to two baths of different temperature.
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FIG. 1: Fermi Hubbard chain, [ =8, N =4, V = 2t, coupled to thermal baths. Trace

distance to the full Redfield result for the steady state (top) and for the transient dy-

namics (bottom) as a function of the system-bath coupling 7% and the bath temperature

T =T, = T». In (a) and (b) we solve the master equation in the rotating-wave approxi-

mation by direct integration, whereas in (c) and (d) the new truncated master equation
is taken.



A PT-symmetric kicked top
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A PT-symmetric version of the kicked top is introduced to study the interplay of
quantum chaos with loss and gain. The classical dynamics arising from the quantum
dynamics of the angular momentum expectation values are derived and analysed in
some detail. Further, the statistics of the (complex) eigenvalues of the quantum
system are studied and compared to those of PT-symmetric extensions of two
additional systems: the triadic Baker map and the M-mode Bose-Hubbard model with
unit filling factor and intermediate interaction strength.



Quantum chaos for open systems:
Universal spectra of random Lindblad operators

S. Denisov', T. Laptyeva?, W. Tarnowski®, D. Chruscinski®,
and K. Zyczkowski*®

Oslo Metropolitan University, Oslo, Norway

2| obachevsky University, Nizhny Novgorod, Russia

3Smoluchowski Institute of Physics, Uniwersytet Jagielloriski, Krakéw, Poland
“Institute of Phy<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>