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Programme
Tuesday
14:00 – 16:00 Early registration (Institute of Physics, Jagiellonian University, ulica Łojasiewicza 11, 30-348 Kraków)
16:00 – 18:00 Lab tours (Institute of Physics, Jagiellonian University,

ulica Łojasiewicza 11, 30-348 Kraków)

Wednesday
08:15 – 08:45 Registration
08:45 – 09:00 Openning speeches

—————– 1st session – chairperson: Arkadiusz Kosior
09:00 – 09:30 Alfred Shapere - Mechanical Time Crystals
09:30 – 10:00 Dominic Else - Strongly correlated phases of matter with
space-time symmetries
10:00 – 10:30 Sean Barrett - Observation of Discrete-Time-Crystal Signatures in an Ordered Dipolar Many-Body System
10:30 – 11:00 Coffe break

—————– 2nd session – chairperson: Anna Sanpera
11:00 – 11:20 Jakub Zakrzewski - MBL with cavity mediated long-range
interactions and time crystals.
11:20 – 11:40 Bruno Mera - Topologically protected quantization of work
11:40 – 12:00 Tapio Simula - Spacetime crystals of classical fluid droplets
12:00 – 12:20 Jayson Cosme - Spacetime Crystals in a Shaken AtomCavity System
12:30 – 14:30 Lunch break
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—————– 3rd session – chairperson: Jakub Zakrzewski
14:30 – 15:30 Frank Wilczek - Time Crystals: Idea, Embodiments, Prospects
15:30 – 16:00 Krzysztof Sacha - Time Crystal Phenomena
16:00 – 16:30 Peter Hannaford - Creating Big Time Crystals with Ultracold Atoms
16:30 – 18:30 Poster session

Thursday
—————– 1st session – chairperson: Andreas Hemmerich
09:00 – 09:30 Peter van der Straten - Observation of a Space-Time
Crystal in a Superfluid Quantum Gas
09:30 – 10:00 Klaus Sengstock - Topology seen in dynamics in Floquet
driven systems
10:00 – 10:30 Dieter Jaksch - Dissipation induced non-stationary complex
ultracold atom dynamics
10:30 – 11:00 Coffe break

—————– 2nd session – chairperson: Marek Trippenbach
11:00 – 11:30 Maciej Lewenstein - Detection of topological order with
quantum simulators
11:30 – 12:00 Nathan Goldman - Measuring quantum geometry in synthetic matter: From NV center spins to fractional Chern insulators
12:00 – 12:30 Wen Wei Ho - Time crystals in black diamond: realization
and exploration of quantum many-body dynamics in strongly interacting
systems
12:30 – 12:40 Conference photo
12:40 – 14:30 Lunch break
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—————– 3rd session – chairperson: Oleksandr Serha
14:30 – 15:00 Rainer Blatt - Quantum Computation and Quantum Simulation with Strings of Trapped Ca+ Ions
15:00 – 15:20 Krzysztof Giergiel - Long range interactions in time lattices
15:20 – 15:40 Samuli Autti - Time crystals and quasicrystals in superfluid
3He
16:10 – 22:30 Excursion to Wieliczka Salt Mine
(Meeting place: Auditorium Maximum, ulica Krupnicza 33, 31-123 Kraków)

Friday
—————– 1st session – chairperson: Kirill Shulga
09:00 – 09:30 Georgy Shlyapnikov - New trends in the physics of disordered quantum systems

09:30 – 10:00 Masahito Ueda - Discrete Time-Crystalline Order in Cavity
and Circuit-QED Systems

10:00 – 10:30 Lingzhen Guo - Dissipation induced non-stationary complex ultracold atom dynamics

10:30 – 11:00 Coffe break
—————– 2nd session – chairperson: Szymon Pustelny
11:00 – 11:20 Yonatan Sharabi - Photonic Time Crystals
11:20 – 11:40 Anna Francuz - Anyonic statistics with Tensor Network
States

11:40 – 12:00 Oleksandr Serha - Tunable space-time crystal in roomtemperature magnetodielectrics

12:00 – 12:20 Kaoru Mizuta - High frequency expansion for prethermal
discrete time crystals

12:30 – 14:30 Lunch break
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—————– 3rd session – chairperson: Hans Kessler
14:30 – 14:50 Katrin Kroeger - Dissipation Induced Structural Instability
and Chiral Dynamics in a Quantum Gas
14:50 – 15:10 Filippo Gambetta -Discrete time crystals and metastability in open quantum systems

15:10 – 15:30 Victor Bastidas - Floquet Gauge transformations and the
dynamics of percolation in graphs: application to time crystals

15:30 – 15:50 Nikolaj Zinner - Realizing time crystals in discrete quantum
few-body systems

16:00 – 16:30 Coffe break
—————– chairperson: Maciej Lewenstein
16:30 – 18:30 Discussion panel
(S. Barrett, D. Else, K. Sacha, A. Shapere, G. Shlyapnikov, P. van der
Straten, M. Ueda)

Saturday
10:30 – 12:30 Kraków tour
(Due to limited participant number it is necessary to enroll to the tour during
the workshop registration.)
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List of abstracts
Wed, 1st session, 09:00-09:30

Mechanical Time Crystals
Alfred Shapere
University of Kentucky, USA

Mechanical time crystals are closed classical systems whose minimumenergy solutions exhibit nontrivial time-dependence. We present examples
of time crystals arising in the effective description of conventional, realizable
mechanical systems. Such realizations allow for the resolution of dynamical
singularities that arise in the reduced description. Sisyphus dynamics, featuring intervals of forward motion interrupted by quick resets, is a generic
consequence. Near the would-be singularity of the time crystal, we find striking microstructure.
Wed, 1st session, 09:30-10:00

Strongly correlated phases of matter with space-time symmetries
Dominic Else
MIT, USA

Time crystals are an example of a phase of matter protected by a "temporal" symmetry, namely the discrete time-translation symmetry. It was the
identification of this symmetry as being analogous to any other symmetry
which initially motivated the notion of "Floquet time crystals", in which
this symmetry is spontaneously broken. In this talk, I will systematize this
analogy and extend it to more general symmetry groups, which could contain both spatial, temporal, and internal symmetries. Examples of resulting
phases include "non-symmorphic time crystals" in which the space-time symmetry is broken down to one generated by "time-glide" symmetries. I will
also discuss the classification of topological (i.e. not spontaneous symmetry
breaking) phases of matter protected by temporal and space-time symmetries. Finally, I will discuss phases of matter in systems driven at multiple
incommensurate frequencies, i.e. quasiperiodically, which in some ways can
be viewed as having "multiple time-translation generators".
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Wed, 1st session, 10:00-10:30

Observation of Discrete-Time-Crystal Signatures in an Ordered
Dipolar Many-Body System
Sean Barrett
Yale University, USA

The rich dynamics and phase structure of driven systems include the recently described phenomenon of the discrete time crystal (DTC), a robust
phase which spontaneously breaks the discrete time translation symmetry of
its driving Hamiltonian. Experiments in trapped ions and diamond nitrogen
vacancy centers have recently shown evidence for this DTC order. In this
talk, we report nuclear magnetic resonance (NMR) observations of DTC signatures in a third, strikingly different, system: an ordered spatial crystal.
This system is expected to be even farther from the regime of many-body
localization (MBL) than those studied in the earlier experiments. We study
the 100% occupied crystal lattice of spin-1/2 31P nuclei in ammonium dihydrogen phosphate (ADP), with chemical formula NH4H2PO4. ADP also
contains spin-1/2 1H nuclei (99.98% abundant) and spin-1 14N nuclei (99.64%
abundant). Implementing the DTC pulse sequence on the 31P spins, we observe robust oscillations at half the drive frequency (“DTC oscillations” for
brevity) across orders of magnitude in interaction time. We also study the
decay mechanism of the DTC oscillations, with two results. First, we show
by generating a time-reversed DTC echo that the density matrix is more coherent than the original DTC sequence reveals. Second, we show that the
effect of interactions during the nonzero pulse duration of the DTC sequence
limits our ability to observe the intrinsic lifetime of the DTC oscillations. In
this work, we exploited both the long coherence times of our sample, and
our ability to use NMR pulse sequences to edit the spin Hamiltonian. This
suggests that NMR can be a useful probe of the physics of out-of-equilibrium,
driven many-body systems.
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Wed, 2nd session, 11:00-11:20

MBL with cavity mediated long-range interactions and time
crystals
P. Sierant, T. Chanda, A. Maksymov, Jakub Zakrzewski
M. Smoluchowski Institute of Physics, Jagiellonian University in Kraków, Poland

MBL with long range interactions is believed to appear for interactions sufficiently fast decaying with the distance. For atoms in the cavity, the dynamical
EM field produces an effective all-to-all interactions with infinite range. Yet
numerical studies indicate the presence of MBL in such a system. Outside
of MBL regime nonergodic states exist leading to breakdown of eigenstate
thermalization hypothesis. Possible implications for time crystals may be
discussed.
Wed, 2nd session, 11:20-11:40

Topologically protected quantization of work
B. Mera1,2 , K. Sacha3 , Y. Omar1,2
1 Instituto de Telecomunicações, Lisboa
Instituto Superior Técnico, Universidade de Lisboa, Portugal
M. Smoluchowski Institute of Physics, Jagiellonian University in Kraków, Poland
2

3

The transport of a particle in the presence of a potential that changes periodically in space and in time can be characterized by the amount of work
needed to shift a particle by a single spatial period of the potential. In general, this amount of work, when averaged over a single temporal period of
the potential, can take any value in a continuous fashion. Here we present
a topological effect inducing the quantization of the average work. We find
that this work is equal to the first Chern number calculated in a unit cell of a
space-time lattice. Hence, this quantization of the average work is topologically protected. We illustrate this phenomenon with the example of an atom
whose center of mass motion is coupled to its internal degrees of freedom by
electromagnetic waves.
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Wed, 2nd session, 11:40-12:00

Spacetime crystals of classical fluid droplets
Tapio Simula
Centre for Quantum and Optical Science, Swinburne University of Technology,
Melbourne, Australia

In 2005 Couder and co-workers showed that a droplet of fluid can be made to
bounce "indefinitely" on the surface of a fluid periodically driven below the
Faraday wave instability [1]. The most prominent bouncing mode of such a
droplet emerges at a half the frequency of the driving making the droplet a
candidate for a discrete classical time crystal [1,2,3]. The effective long-range
interaction between the droplets enables a great variety of many-droplet phenomena to be observed, including the formation and melting of crystalline
order, resulting in simultaneous space and time crystals in this fascinating
classical hydrodynamical system. We have recently discovered a new phenomenon coined superwalkers [4] using a simple experimental apparatus. In
2019 I will establish a new research laboratory at Swinburne University of
Technology in Australia, dedicated to experimental studies of superwalkers,
many-droplet correlated phenomena and optical tweezer controlled droplet
dynamics. I will describe the experimental design of the apparatus and will
present our latest theoretical and experimental results. Plans for future experiments will be detailed.
1. Y. Couder, E. Fort, et al., Phys. Rev. Lett. 94, 177801 (2005).
2. J. Moláček, J.W.M. Bush, Journal of Fluid Mechanics 727, 582 (2013).
3. R.N. Valani, A.C. Slim, T. Simula, Chaos 28, 096104 (2018).
4. R.N. Valani, A.C. Slim, T. Simula, arXiv:1807.06879 .
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Wed, 2nd session, 12:00-12:20

Space-Time Crystals in a Shaken Atom-Cavity System
Jayson Cosme
University of Hamburg, Germany

We demonstrate the emergence of a nonequilibrium phase with broken spaceand time-translation symmetry in atoms inside a high-finesse optical cavity
driven by a phase-modulated transverse pump field, resulting in a shaken
lattice. This shaken system exhibits macroscopic oscillations in the number
of cavity photons at large multiples of the driving period. The subharmonic
oscillatory motion corresponds to dynamical switching between symmetrybroken states in space, which are nonequilibrium bond ordered density wave
states. Employing a semiclassical phase-space representation for the drivendissipative quantum dynamics, we confirm the rigidity and persistence of
the subharmonic response. We identify experimentally relevant parameter
regimes for which the time crystal phase is long-lived and we map out the
dynamical phase diagram.
Wed, 3rd session, 14:30-15:30

Time Crystals: Idea, Embodiments, Prospects
Frank Wilczek
Center for Theoretical Physics, MIT, USA
Wilczek Quantum Center Shanghai Jiao Tong University, China
Arizona State University, Tempe, USA
Stockholm University, Sweden

First I will review the idea of a time crystal, emphasizing the key concept of
strong orthogonality. In this context, I will discuss how one should and can
extend the spirit of the Goldstone theorem beyond its original context, i.e.
continuous symmetries which do not involve time. Then I will survey some
important existing and proposed time crystal systems, emphasizing recent
developments. Finally, I will mention a few future directions I think are
especially important or promising (inclusive or).
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Wed, 3rd session, 15:30-16:00

Time Crystal Phenomena
Krzysztof Sacha
M. Smoluchowski Institute of Physics, Jagiellonian University in Kraków, Poland

Periodically driven many-body systems can spontaneously self-organize in
time, in a way similar to condensed matter systems [1], forming: (i) discrete
time crystals (ii) fractional time crystals, (iii) discrete time quasi-crystals [2].
Moreover, periodically driven systems are able to reveal condensed matter
behavior in the time dimension like: (i) Anderson (or many-body) localization
in time due to the presence of disorder in time, (ii) topological time crystals,
(iii) time crystals with properties of 2D or 3D space crystals [3].
These time crystal phenomena are illustrated with ultra-cold atoms bouncing on an oscillating atom mirror [4]. However, they can be realized in any
periodically and resonantly driven system provided it does not correspond to
a driven harmonic oscillator.
1. F. Wilczek, Phys. Rev. Lett. 109, 160401 (2012).
2. K. Sacha, Phys. Rev. A 91, 033617 (2015); V. Khemani, A. Lazarides, et al.,
Phys. Rev. Lett. 116, 250401 (2016).
3. K. Sacha, Sci. Rep. 5, 10787 (2015); K. Sacha, D. Delande, Phys. Rev.
A 94, 023633 (2016); D. Delande, L. Morales-Molina, K. Sacha, Phys. Rev.
Lett. 119, 230404 (2017); M. Mierzejewski, K. Giergiel, K. Sacha, Phys. Rev.
B 96, 140201(R) (2017); K. Giergiel, A. Dauphin, et al., New J. Phys. 21,
052003 (2019); K. Giergiel, A. Miroszewski, K. Sacha, Phys. Rev. Lett. 120,
140401 (2018).
4. K. Giergiel, A. Kosior, et al., Phys. Rev. A 98, 013613 (2018).
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Wed, 3rd session, 16:00-16:30

Creating Big Time Crystals with Ultracold Atoms
Krzysztof Giergiel1 , Krzysztof Sacha1 , Tien Tran2 , Ali Zaheer2 , Andrei
Sidorov2 , Peter Hannaford2
1 M.

Smoluchowski Institute of Physics, Jagiellonian University in Kraków, Poland
for Quantum and Optical Science, Swinburne University of Technology,
Melbourne, Australia

2 Centre

Discrete time crystals with period-doubling have recently been demonstrated experimentally in periodically driven spin systems [1]. However, the
first idea of creating discrete time crystals, using ultracold atoms bouncing
on an oscillating mirror [2], still awaits experimental demonstration. Here,
we report progress towards realizing discrete time crystals using a BEC of
potassium-39 atoms bouncing on an oscillating mirror [3]. In the absence
of interactions, each bouncing atom performs irregular classical motion in
which there are resonant islands in phase space located around periodic orbits whose periods match an integral multiple s of the driving period T of the
oscillating mirror. If all the atoms are prepared in a single wave-packet, in
the absence of interactions they will tunnel to neighbouring wave-packets on
a timescale determined by the driving amplitude and period of the oscillating mirror. If we now turn on a sufficiently strong attractive interaction via
a Feshbach resonance to create an interacting quantum many-body system,
the Floquet eigenstates of the periodic system become Schrödinger cat-like
states, so that measurement of the position of just a single atom is sufficient
to break the time-translation symmetry of the Hamiltonian and cause the
system to collapse into one of the s wave-packets bouncing with period sT.
Such a system allows dramatic breaking of discrete time translation symmetry where the symmetry broken state evolves with a period typically s=40
times longer than the driving period. This system provides a suitable platform for the demonstrating a wide range of non-equilibrium condensed matter
phenomena in the time domain [3, 4].
1. J. Zhang et al., Nature 543, 217 (2017); S. Choi et al., Nature 543, 221
(2017); S. Pal et al., PRL 120, 180602 (2018); J. Rovny et al., PRL 120,
180803 (2018).
2. K. Sacha, PRA 91, 033617 (2015).
3. K. Giergiel et al., PRA 98, 013613 (2018).
4. K. Sacha, Sci. Rep. 5, 10787 (2015); D. Delande et al., PRL 119, 230404
(2017); M. Mierzejewski et al., PRB 96, 140201(R) (2017); K. Giergiel et
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al., PRL 120, 140401 (2018); A. Kosior, K. Sacha, PRA 97, 053621 (2018);
K. Giergiel et al., arXiv:1806.10536; K. Giergiel et al., arXiv:1807.02105.

Thu, 1st session, 09:00-09:30

Observation of a Space-Time Crystal in a Superfluid Quantum
Gas
Peter van der Straten
Utrecht University, Netherlands

Time crystals are a phase of matter, for which the discrete time symmetry
of the driving Hamiltonian is spontaneously broken [1]. The breaking of
discrete time symmetry has been observed in several experiments in driven
spin systems [2,3]. Here, we show the observation of a space-time crystal
using ultra-cold atoms, where the periodic structure in both space and time
are directly visible in the experimental images [4]. The underlying physics in
our superfluid can be described ab initio and allows for a clear identification
of the mechanism that causes the spontaneous symmetry breaking [5]. Our
results pave the way for the usage of space-time crystals for the discovery of
novel nonequilibrium phases of matter.
1. F. Wilczek, Phys. Rev. Lett. 109, 160401 (2012).
2. J. Zhang et al., Nature (London) 543, 217 (2017).
3. S. Choi et al., Nature (London) 543, 221 (2017).
4. J. Smits et al., Phys. Rev. Lett. 121, 185301 (2018).
5. L. Liao et al., Phys. Rev. A 99 013625 (2019).

Thu, 1st session, 09:30-10:00

Topology seen in dynamics in Floquet driven systems
Klaus Sengstock
University of Hamburg, Germany

TBA
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Thu, 1st session, 10:00-10:30

Dissipation induced non-stationary complex ultracold atom
dynamics
Dieter Jaksch
University of Oxford, UK

The assumption that physical systems relax to a stationary state in the
long-time limit underpins statistical physics and much of our intuitive understanding of scientific phenomena. For isolated systems, this follows from
the eigenstate thermalization hypothesis. When an environment is present
the expectation is that all of phase space is explored, eventually leading to
stationarity. In this talk, we will identify and discuss simple and generic conditions for dissipation to prevent a quantum many-body system from ever
reaching a stationary state [1]. We go beyond dissipative quantum state engineering approaches towards controllable long-time non-stationary dynamics
typically associated with macroscopic complex systems. The resulting coherent and oscillatory evolution constitutes a dissipative version of a quantum
time-crystal. We will show how such dissipative dynamics can be engineered
and studied with fermionic ultracold atoms in optical lattices using current
technology. We discuss how dissipation leads to long-range quantum coherence, complexity, and -pairing indicating a superfluid state in these setups
[2].
1. B. Buca, J. Tindall, D. Jaksch, arXiv:1804.06744.
2. J. Tindall, et al., arXiv:1902.05012.

Thu, 2nd session, 11:00-11:30

Detection of topological order with quantum simulators
Maciej Lewenstein
ICFO and ICREA, Barcelona, Spain

I will discuss various ways of detecting topological order, with special attention paid to Floquet systems and quantum random walks in 1D and 2D, and
systems in synthetic dimensions.
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Thu, 2nd session, 11:30-12:00

Measuring quantum geometry in synthetic matter: From NV
center spins to fractional Chern insulators
Nathan Goldman
Université Libre de Bruxelles, Belgium

I will discuss how the geometry of quantum states can be revealed using a
universal scheme based on spectroscopic responses. When applied to Chern
insulators or Landau levels, this approach leads to a quantized circular dichroism phenomenon, which can be interpreted as the dissipative counterpart of
the quantum Hall effect. I will report on the first experimental observation of
quantized circular dichroism in an ultracold Fermi gas, and discuss possible
generalizations to strongly-correlated states of matter. In particular, I will
show how the many-body Chern number of a fractional Chern insulator can
be extracted from excitation-rate measurements. Moreover, I will present
a protocol allowing for the experimental detection of the quantum metric
tensor, which was recently implemented in NV center spins in diamond.
Thu, 2nd session, 12:00-12:30

Time crystals in black diamond: realization and exploration of
quantum many-body dynamics in strongly interacting systems
Wen Wei Ho
Harvard University, USA

Strongly interacting solid state spin ensembles form promising systems to
investigate quantum many-body physics. In this talk, I will describe the observation of discrete time-crystalline (DTC) order in black diamond, a dense
disordered ensemble of dipolar Nitrogen-Vacancy (NV) spin impurities in
diamond, as well as additional recent developments using it to probe outof-equilibrium many-body dynamics. By using driving to engineer different
types of effective interactions, we find that the spin ensemble can exhibit longlived DTC order over a wide range of parameters. Systematic investigation
of this lifetime reveals different regimes of relaxation dynamics, ranging from
disorered-induced slow thermalization, driving assisted relaxation, to universal Markovian dynamics. These results highlight the utility of high-density
NV ensembles as a useful and tuneable platform to probe interesting manybody phenomena, which may offer novel applications in quantum simulation
and metrology with strongly correlated quantum matter.
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Thu, 3rd session, 14:30-15:00

Quantum Computation and Quantum Simulation with Strings of
Trapped Ca+ Ions
Rainer Blatt
Institute for Experimental Physics, Austrian Academy of Sciences, Innsbruck, Austria
Institute for Quantum Optics and Quantum Information, Austria

The state-of-the-art of the Innsbruck trapped-ion quantum computer is briefly
reviewed. We present an overview on the available quantum toolbox and discuss the scalability of the approach. Fidelities of quantum gate operations are
evaluated and optimized by means of cycle- benchmarking [1] and we show
the generation of a 16-qubit GHZ state. Entangled states of a fully controlled
20-ion string are investigated [2] and used for quantum simulations.
In the second part, we present both the digital quantum simulation and a
hybrid quantum- classical simulation of the Lattice Schwinger model, a gauge
theory of 1D quantum electrodynamics. Employing universal quantum computations, we investigate the dynamics of the pair-creation [3] and using a
hybrid-classical ansatz, we determine steady-state properties of the Hamiltonian. Hybrid classical-quantum algorithms aim at solving optimization
problems variationally, using a feedback loop between a classical computer
and a quantum co-processor, while benefitting from quantum resources [4].
1. A. Erhard et al., arXiv:1902.08543 (2019).
2. N. Friis et al., Phys Rev X. 8 021012 (2018).
3. E. A. Martinez et al., Nature 534, 516 (2016).
4. C. Kokail et al., Nature 569, 355–360 (2019).
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Thu, 3rd session, 15:00-15:20

Long range interactions in time lattices
Krzysztof Giergiel
M. Smoluchowski Institute of Physics, Jagiellonian University in Kraków, Poland

Time crystals are many-body systems that, due to interactions between particles, are able to spontaneously self-organize their motion in a periodic way
in time by analogy with the formation of crystalline structures in space in
condensed matter physics. In solid state physics properties of space crystals
are often investigated with the help of external potentials that are spatially
periodic and reflect various crystalline structures. Similar approach can be
applied for time crystals because periodically driven systems constitute counterparts of spatially periodic systems but in the time domain. Wide class
of condensed matter problems can be realized in the time domain if singleparticle or many-body systems are resonantly driven. It opens up unexplored
territory for investigation of condensed matter physics in time and for invention of novel ”time devices” because time is our new ally. We propose[1] a
way of creating time lattice similar to optical(space) lattices. In this new
type of system almost any long range interactions can be engineered into
Bose – Hubbard type Hamiltonian. Such system would open incredibly flexible quantum resource for future technologies. We propose experiment based
on known experimental techniques - it requires coupling vibrating mirror to
falling Bose-Einstein condensate and manipulating magnetic field close to
Feshbach resonances.
1. K. Giergiel, A. Miroszewski, K. Sacha, Phys. Rev. Lett., 120, 140401 (2018).
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Thu, 3rd session, 15:20-15:40

Time crystals and quasicrystals in superfluid 3He
Samuli Autti
Lancaster University, UK

We report experimental observation of a quantum time quasicrystal and its
transformation to a superfluid time crystal – a time supersolid [1]. These
phenomena emerge in a system of magnon Bose-Einstein condensation in
superfluid 3HeB. The characteristic frequency separation of the drive and the
time crystal allows using the state as a probe for other delicate phenomena
in the superfluid universe, e.g. topological defects, exotic particles such as
Higgs bosons and Majorana fermions, and new superlfuid phases [2,3].
1. S. Autti et al, PRL 120 (2018).
2. V.V. Zavjalov et al, Nat. Comms. 7 (2016).
3. S. Autti et al, PRL 121 (2018).

Fri, 1st session, 09:00-09:30

Crystal New trends in the physics of disordered quantum systems
Georgy V. Shlyapnikov
LPTMS, CNRS, Orsay, France
Russian Quantum Center, Moscow, Russia

I will give a brief overview of the studies of cold atoms in disorder and focus
on the observations of disorder-related phase transitions and on the character of eigenstates. After the discovery of Anderson localization of particles in
disorder about 60 years ago, it was thought that all extended (non-localized)
states are ergodic except for a single point of the mobility edge in three
dimensions where the state has been found multifractal. However, during
last three years theoretical studies found systems with bands of both nonergodic (multifractal) extended states and ergodic states. Thus, aside from
the celebrated Anderson localization-delocalization transition, there can be
one more disorder related transition: the phase transition between ergodic
and non-ergodic extended states. I will show the existence of this transition for disordered systems with long-range hops (polar molecules randomly
spaced in a lattice, quasi-one-dimensional lattice of trapped ions).
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Fri, 1st session, 09:30-10:00

Discrete Time-Crystalline Order in Cavity and Circuit-QED
Systems
Masahito Ueda
University of Tokyo, Japan

We propose an open-system setup to realize the discrete time-crystalline
(DTC) order based on a modified open Dicke model, which can be implemented in cavity and circuit QED systems. It is well-known that the open
Dicke model, which describes a collective light-atom interaction in the presence of photon loss, exhibits a supperadiant phase transition in the strongcoupling regime. We show that a DTC order can be realized by simply
switching on and off a strong light-atom interaction periodically. In the thermodynamic limit with infinite atoms, we find a rich variety of dynamical
phases with different types of DTC orders, which turn out to be related to
bifurcation theory. In the deep quantum regime with few atoms, we show a
clear transient DTC order stabilized by photon loss. These theoretical predictions are testable in light of the state-of-the-art experiments in atomic,
molecular and optical physics.
1. Z. Gong, R. Hamazaki, and M. Ueda, Phys. Rev. Lett. 120, 040404 (2018)

Fri, 1st session, 10:00-10:30

Crystal Structures and Lattice Waves in Phase Space
Lingzhen Guo
Max Planck Institute for the Science of Light, Erlangen, Germany

Phase space crystals is the study of condense matter physics in discrete (Floquet) time crystals. We show that the Floquet Hamiltonian of properly kicked
harmonic oscillators can exhibit various crystal structures in phase space such
as square, triangular, honeycomb, Kagome lattices and even quasicrystals.
The formed phase space crystals are stable in certain parameter regime of
interaction and dissipation. We further investigate the dynamics of phase
space lattice waves and calculate the band structure of the non-Hermitian
dynamical matrix, which has topologically nontrivial edge states
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Fri, 2nd session, 11:00-11:20

Photonic Time Crystals
Yonatan Sharabi, Mordechai Segev
Physics Department and Solid State Institute, Haifa, Israel

We study photonic time crystals: optical systems in which the electric permeability varies periodically in time rather than in space, due to an external
modulation. The periodic modulation of the refractive index gives rise to
Floquet modes and a band structure with bands separated by gaps in momentum (rather than in frequency). The band structure displays topological
properties which are manifested in the phase of the reflection and transmission of pulses through the temporally-modulated medium. If the periodic
modulation contains disorder (either in the magnitude of the modulation or
in the time sequences), the system displays features associated with Anderson localization, where probe pulses become localized in space, but also some
distinct features arising from the fundamental asymmetry between time and
space.
Fri, 2nd session, 11:20-11:40

Anyonic statistics with Tensor Network States
Anna Francuz
M. Smoluchowski Institute of Physics, Jagiellonian University in Kraków, Poland

We present a method of extracting information about the topological phase
starting from a ground state of a lattice Hamiltonian. Using the tensor
network formalism we show how to obtain topological S and T matrices,
encoding the mututal statistics and self-statistics of emergent anyons. They
determine the topological phase unequivocally and in that sense they can be
thought of as some kind of non-local order parameter of topological phases
of matter. With 2D tensor network – Projected Entanlged Pair States, the
method allows to analise states which were not achievable by 2D DMRG due
to long correlation length.
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Fri, 2nd session, 11:40-12:00

Tunable space-time crystal in room-temperature
magnetodielectrics
Oleksandr Serha
University of Kaiserslautern, Kaiserslautern, Germany

We report the experimental realization of a space-time crystal with tunable periodicity in time and space in the magnon Bose-Einstein Condensate
(BEC), formed in a room-temperature ferrimagnetic Yttrium Iron Garnet
(YIG) film by microwave space-homogeneous magnetic field. The magnon
BEC is prepared to have a well-defined frequency and non-zero wavevector.
We demonstrate how the crystalline “density”, as well as the time and space
textures of the resulting crystal, may be tuned by varying the experimental
parameters: external static magnetic field, temperature, the thickness of the
YIG film and power of the microwave field. The proposed space-time crystals
provide a new dimension for exploring dynamical phases of matter and can
serve as a model nonlinear Floquet system that brings in touch the rich fields
of classical nonlinear waves, magnonics, and periodically driven systems
Fri, 2nd session, 12:00-12:20

High frequency expansion for prethermal discrete time crystals
Kaoru Mizuta
Kyoto University, Japan

Despite recent great achievements in theory of Floquet systems, a crucial
question remains unsolved: how can we systematically treat Floquet systems with resonant drives ? To address this problem, we here develop a new
high-frequency expansion method and study the dynamics in the prethermal
regime for Floquet systems with resonant drives which induce ZN symmetry
operations [1]. As a result, we have clarified that the effective Hamiltonian of
such Floquet systems, which is given by the van Vleck expansion, acquires an
emergent ZN symmetry. As potential applications, we provide a systematic
way to analyze time crystals and a new scheme of Floquet engineering: controlling phases and adding emergent symmetries. In particular, with our new
scheme of Floquet engineering, we can control symmetry protected topological phases even when the original system does not respect the symmetry. In
our presentation, after discussing the high frequency expansion for Floquet
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systems with resonant drives, we would like to show how we can systematically analyze prethermal discrete time crystals in terms of the effective static
Hamiltonian given by the high frequency expansion.
1. K. Mizuta, K. Takasan, and N. Kawakami, arXiv: 1902.01126 (2019)

Fri, 3rd session, 14:30-14:50

Dissipation Induced Structural Instability and Chiral Dynamics
in a Quantum Gas
Katrin Kroeger1 , N. Dogra1 , M. Landini2 , L. Hruby1 , F. Ferri1 , R.
Rosa-Medina1 , T. Donner1 , T. Esslinger1
1

Institute for Quantum Electronics, ETH Zurich, Switzerland
2 University of Innsbruck, Austria

Dissipation is an intrinsic part of any physical system and can cause undesired
effects of decoherence or act as a weak perturbation to the Hamiltonian dynamics. However, the interplay of dissipative and unitary processes can give
rise to dynamical phase transitions and lead to instabilities. In this work, we
experimentally realize a synthetic quantum many-body system with controllable unitary and dissipative interactions [N. Dogra et al., arXiv 1901.05974].
Our experiment is based on a Bose-Einstein-Condensate of two different Zeeman states of 87Rb atoms placed inside a high finesse optical cavity. The two
orthogonal quadratures of the cavity light field coherently couple the atomic
cloud to two modes with different spatial atomic configurations, which consist of a modulation of either atomic density or spin. The dispersive effect
from the finite cavity losses mediates a dissipative chiral coupling between
these two modes. Bringing unitary and dissipative couplings into competition
allows us to explore the system’s macroscopic behavior at the boundary between stationary and non-stationary states. Our observation of a dissipation
induced chiral instability represents a new form of quantum many-body dynamics, similar to limit cycles and time crystals. Our data can be explained
by interpreting dissipation as a structure dependent force, in close analogy
to mechanical non-conservative positional forces.
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Fri, 3rd session, 14:50-15:10

Discrete time crystals and metastability in open quantum systems
F. M. Gambetta, F. Carollo, M. Marcuzzi, J. P. Garrahan, I. Lesanovsky
School of Physics and Astronomy and Centre for the Mathematics and Theoretical
Physics of Quantum Non-equilibrium Systems, University of Nottingham, UK

In our work, we establish a link between metastability and a discrete timecrystalline phase in a periodically driven open quantum system. The mechanism we highlight requires neither the system to display any microscopic
symmetry nor the presence of disorder but relies instead on the emergence of
a metastable regime. We investigate this in detail in an open quantum spin
system, which is a canonical model for the exploration of collective phenomena in strongly interacting dissipative Rydberg gases. Here, a semi-classical
approach, combined with numerical simulations, reveals the emergence of a
robust discrete time-crystalline phase in the thermodynamic limit in which
metastability, dissipation, and inter-particle interactions play a crucial role.
1. F. M. Gambetta et al., Phys. Rev. Lett. 122, 015701 (2019).

Fri, 3rd session, 15:10-15:30

Floquet Gauge transformations and the dynamics of percolation
in graphs: application to time crystals
Victor Bastidas1 , T. Osada2,3 , M. P. Estarellas3 , B. Renoust3,4,5 , W. J.
Munro1,3 , Kae Nemoto3,5
1 NTT

Basic Research Laboratories & Research Center for Theoretical Quantum Physics,
Atsugi, Japan
2 Tokyo University of Science, Japan
3 National Institute of Informatics, Tokyo, Japan
4 Osaka

University, Institute for Datability Science, Japan
Laboratory for Informatics, Tokyo, Japan

5 Japanese-French

The dynamics of driven quantum systems have many applications in quantum technologies. In recent years, Floquet engineering has emerged as a new
avenue to design exotic states of matter that cannot be realized otherwise in
equilibrium systems [1]. In the context of statistical mechanics, the notion of
ergodicity is extremely important in our understanding of thermalization and
is closely related to quantum signatures of chaos [2]. Recently, it has been
shown that due to the interplay between interactions and disorder, ergodicity
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can be suppressed leading to manybody localization, which has been experimentally realized in cold atoms and superconducting qubits [2]. Besides,
ergodicity can also be broken due to periodic driving and disorder, which
allows the existence of discrete time crystals in driven systems [3,4,5].
In this contribution, I will discuss the relation between Gauge transformations in Floquet theory and percolation in graphs [1]. The Gauge invariance
defines orbits, which we interpret in terms of the dynamics of a graph. To
substantiate our results, we apply the general theory to a paradigmatic example of collective behavior in driven systems: the emergence of time crystals
in periodically driven spin chains.
1. M. P. Estarellas, T. Osada, V. M. Bastidas, B. Renoust, K. Sanaka, W. J.
Munro, K. Nemoto, arXiv:1907.13146 (2019)
2. P. Roushan, C. Neill, J. Tangpanitanon, V. M. Bastidas, A. Megrant, R.
Barends, Y. Chen, Z. Chen, B. Chiaro, A. Dunsworth, et al., Science 358,
1175 (2017).
3. K. Sacha, J. Zakrzewski, Rep. Prog. Phys. 81, 016401 (2018).
4. V. Khemani, A. Lazarides, R. Moessner, S. L. Sondhi, Phys. Rev. Lett. 116,
250401 (2016).
5. N. Y. Yao, A. C. Potter, I.-D. Potirniche, A. Vishwanath, Phys. Rev. Lett.
118, 030401 (2017).

Fri, 3rd session, 15:30-15:50

Realizing time crystals in discrete quantum few-body systems
Nikolaj T. Zinner1,2 , Rafael E. Barfknecht1,3 , Stig E. Rasmussen1 , A.
Foerster3
1 Department

of Physics and Astronomy, Aarhus University, Denmark
Institute of Advanced Studies, Aarhus University, Denmark
3 Instituto de Física da UFRGS, Porto Alegre, RS, Brazil

2 Aarhus

We propose the realization of time-crystals in few-body systems, both in
the context of trapped cold atoms with strong interactions and of a circuit
of superconducting qubits. We show how these two models can be treated
in a fairly similar way by adopting an effective spin chain description, to
which we apply a simple driving protocol. We focus on the response of the
magnetization in the presence of imperfect pulses and interactions, and show
how the discrete time crystal can be observed.
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Poster contributors
(Please hang your posters on the boards accordingly to the numbers in this book
of abstracts.)

1. Paweł Arciszewski - Towards single chamber cesium BEC.
2. Bartłomiej Baran - Periodically driven double quantum dot system proximitized to superconducting lead.

3. Michał Białończyk - Dynamics of longitudinal magnetization in transversefield Ising model: from symmetry-breaking gap to Kibble-Zurek mechanism

4. Przemysław Bienias - Fractional quantum Hall phases of bosons with
tunable interactions: From the Laughlin liquid to a fractional Wigner crystal

5. Mirosław Brewczyk - Modelling quantum aspects of disruption of a white
dwarf star by a black hole

6. Titas Chanda - String-breaking and real-time confinement in 1+1 discretized scalar QED

7. Jakub Dobosz - Towards non-destructive heterodyne atom number measurement in an ultracold cesium and potassium mixture.

8. Jacek Dobrzyniecki - Dynamics of a few interacting bosons escaping
from an open well

9. Dmitry Efimov - Dynamics of many-electron systems coupled with strong
periodic electric field

10. Thomas Fischer - Colloids as big electrons?
11. Krzysztof Gawryluk - Signatures of a universal jump in the superfluid
density in two-dimensional Bose gas with finite number of particles

12. Jianpei Geng - Time-crystal signatures of nuclear spins indirectly coupled
by electron spin in diamond

13. Pablo Hurtado - Building time crystals from coherent rare events
14. Jakub Janarek - Many-body quantum boomerang
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15. Tomasz Karpiuk - Quantum Bose-Fermi droplets
16. Hans Kessler - Emergent Limit Cycles and Time Crystals in an AtomCavity System

17. Marek Kopciuch - Characterization of the quantum state in hot atomic
vapour

18. Alexander Kreil - Observation of a magnon-BEC-based space-time crystal by Brillouin light scattering spectroscopy

19. Nilanjan Kundu - Rogue Wave in a Time Crystal for a Two Component
Bose-Einstein Condensate

20. Arkadiusz Kuroś - Discrete time quasi-crystals
21. Mateusz Łącki - Stroboscopic painting of optical potentials for atoms with
subwavelength resolution

22. Francisco Leal Machado - Prethermal Time Crystals in Disorderless
Long-Range Interacting Systems

23. Pengfei Liang - Topological and Many-body Physics in Phase Space Lattices

24. Olivier Lunt - Dissipative discrete time crystals
25. Artur Maksymov - The sensitivity of energy levels in 1D Heisenberg spin
chain with quasiperiodic potential

26. Javier Mas - Holographic Floquet Condensates
27. Paweł Matus - Fractional time crystals
28. Rick Mukherjee - Using Bayesian optimisation to study the stability of
discrete time crystals

29. Keiji Nakatsugawa - Time Crystals and Time Operators in Ring Systems
30. William Nellis - Ultra-condensed quantum H at high pressure
31. Mikhail Padniuk - Self-compensating optical magnetometer for topological dark matter search
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32. Andrea Pizzi - A new, simple cold-atom-based framework for discrete time
crystals

33. Marcin Płodzień - Common mechanism for resonant energy absorption
in periodically-driven Mott insulators and few fermions in harmonic trap

34. Jakub Prauzner-Bechcicki - Simplified models for description of strong
field ionization

35. Szymon Pustelny - Gamma Factory - how to convert LHC into gamma
source

36. Mantas Raciunas - Effect of localisation on heating in driven disordered
optical lattices

37. Marek Rams - Engineering non-equilibrium quantum phase transitions
via causally gapped Hamiltonians

38. Tymoteusz Salamon - Electronic properties of the spatially modulated
cold-atom lattice with synthetic dimensions

39. Kirill Shulga - Experiments with Discrete Time Crystal in superconducting circuit-QED systems.

40. Piotr Sierant - Many-body localization in presence of cavity mediated
long-range interactions

41. Jasper Smits - Observation and dynamics of a time-crystal in a BoseEinstein condensate

42. Andrzej Syrwid - Time Crystal Behavior of Excited Eigenstates
43. Tomasz Szołdra - Determination of Chern numbers with a phase-retrieval
algorithm

44. Emanuele Tirrito - Gross-Neveu-Wilson model and correlated symmetryprotected topological phases

45. Micrea Trif - Braiding of Majorana Fermions in a Cavity
46. Marek Tylutki - Spin-Imbalanced Fermi Superfluid in a Lieb Lattice
47. Krzysztof Zegadło - Generation of entangled atom-pairs scattered into
separate regions in a presence of the nonlinear lattice
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48. Goedrois Zlabys - Learning quantum structures in compact localized
eigenstates
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Notes
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