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Chapter 1

Scientific Work and its Organization
at the Institute — an Overview

1.1 History and Development of the Institute

1992-1994 e The Max Planck Institute for the Physics of Complex Systems (mpipks) was founded by
the Senate of the Max Planck Society in November 1992. The concept for the institute envisaged three
scientific divisions and a large Visitors Program. The mission is to contribute to the research in the
field of complex systems in a globally visible way and to promote it as a subject. One of the central
goals is to pass on the innovation generated in the field as quickly and efficiently as possible to the
young generation of scientists at universities. Dresden was chosen as the location for the institute for its
favorable scientific environment and its location near the German-Polish-Czech border triangle. In July
1993, Founding Director Prof. P. Fulde launched the scientific activities of the first division Electronic
Correlations in Stuttgart. Work in Dresden started in January 1994 thanks to the TU Dresden which
generously offered a temporary accommodation for the institute. The institute was officially inaugurated
by Prof. H. Zacher, President of the Max Planck Society, on May 2nd, 1994. An administration was
installed headed by Mrs. I. Auguszt. The Visitors Program began to operate, first guests were invited,
and the first workshop took place in March 1994.

1995-1998 e In 1995, Dr. H. Kantz joined the institute as head of an independent Junior Research Group
on Nonlinear Time Series Analysis. Moreover, the mpipks decided to broaden its research spectrum
considerably by installing temporary Junior Research Groups: The group Pattern Formation in Reaction-
Diffusion-Systems headed by Dr. M. Bér started its activities in 1995, the group Quantum Chaos and
Mesoscopic Systems headed by Dr. K. Richter in January 1996, and the group Quantum Chemistry
headed by Dr. M. Dolg soon after. At the same time, plans for the institute's building and guest
houses took shape. The architects Brenner und Partner (Stuttgart) won the competitive bidding, and
construction started in September 1995. After less than two years the institute moved into the new
main building and took into service the three guest houses. In the meantime, the Workshop and Visitors
Program gained momentum with hundreds of scientists visiting the institute.

1999-2001 e In 1999, the Finite Systems division was installed under the direction of Prof. J. M. Rost. In
the same year, Dr. A. Buchleitner arrived at the institute to launch the research group Nonlinear Dynamics
in Quantum Systems. Dr. U. Birkenheuer succeeded Dr. Dolg as head of the Quantum Chemistry group
in March 2000. To strengthen the successful work in mesoscopics, Dr. H. Schomerus was appointed as
head of a new Junior Research Group Waves in Complex Media and Mesoscopic Phenomena in November
2000.

2001-2002 o In 2001, Prof. F. Jiilicher was appointed as head of the third division Biological Physics
establishing a bridge between physics and biology. Shortly afterwards, two research groups on Physics of
Biological and Soft Matter headed by Dr. R. Everaers, and Biological Physics of Olfaction: From Genes
to Networks headed by Dr. M. Zapotocky started their activities. Moreover, the division Finite Systems
continued to broaden its research spectrum by appointing Dr. A. Becker as head of the new research
group Nonlinear Processes in Strong Fields.



2003-2004 e In 2003, Dr. S. Kiimmel set up the Emmy Noether Group Electronic Structure of Finite
Systems at the Institute. In the following year, the mpipks and the Max Planck Institute of Molecular
Cell Biology and Genetics (MPI-CBG) launched the joint research program Physics of Biological Systems
and established its first two Junior Research Groups: Dr. K. Kruse, head of the group Physics of Cell
Division, working theoretically at the mpipks; Dr. I. M. Tolic-Ngrrelykke, head of the group Mechanics
of Cell Division, experimentally at the MPI-CBG.

2005-2006 e In 2005, Dr. M. Hentschel started the activities of the Emmy Noether group Many Body
Effects in Mesoscopic Systems. Dr. S. Grill completed the joint research program of the mpipks and
the MPI-CBG by launching the Junior Research Group Motor Systems. The International Max Planck
Research School Dynamical Processes in Atoms, Molecules and Solids started operation and the new
wing of the institute was completed providing additional office space and a new seminar room.

2007-2008 e During this period Prof. P. Fulde retired from his position as a director of the mpipks
and head of the division Electronic Correlations. Prof. R. Moessner was appointed as new director, and
started to set up his division Condensed Matter in early 2008. Several new groups were installed: In 2007,
Dr. T. Gross joined the mpipks to head the Junior Research Group Dynamics of Biological Networks,
and Dr. B. Lindner set up the activities of the research group Stochastic Processes in Biophysics. In the
same year, Dr. S. Skupin started his Junior Research Group Computational Nonlinear and Relativistic
Optics, with close links to the Helmholtz Center Dresden-Rossendorf. In 2008, the research groups
Complex Dynamics in Cold Gases and New States of Quantum Matter were founded under the direction
of Dr. T. Pohl, and Dr. A. Lauchli respectively.

2009-2010 e In 2009, Dr. S. Kirchner joined the mpipks as head of the Junior Research Group Collective
Phenomena in Solid State and Materials Physics, operating jointly with the neighboring Max Planck
Institute for Chemical Physics of Solids (MPI-CPfS). Moreover, Dr. K. Hornberger arrived at the mpipks
to head the research group Molecular Quantum Optics. In the following year, Prof. R. Ketzmerick (TU
Dresden) was appointed by the Max Planck Society as a Max Planck Fellow and started the activities of
the Max Planck Fellow group Quantum Chaos and Quantum Dynamics at the mpipks. In winter 2010,
Dr. E. Altmann arrived to set up the Otto Hahn Group Dynamical Systems and Social Dynamics. The
International Max Planck Research School Dynamical Processes in Atoms, Molecules and Solids was
renewed for a second six-year period.

2011-2012 e Further new groups were established: Dr. F. Pollmann set up the activities of the Junior
Research Group Topology and Correlations in Condensed Matter, and Dr. E. Gull launched the Junior
Research Group Computational Quantum Many-Body Physics. The group Physics of the Cytoskeleton
headed by Dr. G. Salbreux, the group Computational Biology and Evolutionary Genomics headed by
Dr. M. Hiller, and the group Collective Dynamics of Cells headed by Dr. V. Zaburdaev were installed
to complement the activities of the Biological Physics division. Within the division Finite Systems,
Dr. A. Eisfeld was appointed head of the group Quantum Aggregates, and Dr. N. Rohringer head
of the group X-Ray Quantum Optics, which operated at the Center of Free-Electron Laser Science,
Hamburg. To accommodate the increasing number of visiting scientists, a fourth guest house was built
and inaugurated in November 2012. The joint research program of the mpipks and the MPI-CBG was
intensified and institutionalized in the form of the newly founded Center for Systems Biology Dresden
(CSBD).

2013-06.2015 e During this period, the research at the mpipks has once more acquired new foci due to
the installation of new temporary working groups. Dr. J. Bardarson complements the Condensed Matter
division as head of the group Quantum Matter - Transport and Dynamics, Dr. A. Landsman and her
group Ultrashort laser-matter interaction add to the Finite Systems division, and Dr. J. Brugués and
his group Self-organization of biological structures to the Biological Physics division and the CSBD. In
2015, the Max Planck Fellowship of Prof. R. Ketzmerick (TU Dresden) and his Max Planck Fellow Group
Quantum Chaos and Quantum Dynamics were extended to a second five-year period by the Max Planck
Society.

06.2015-2018 e Over the past thirty months, several new research groups began their scientific work at
mpipks . The Condensed Matter division is strengthened by the arrival of Dr. M. Heyl, heading the group
Dynamics in Correlated Quantum Matter, and Dr. D. Luitz, heading the group Computational Quantum
Many-body Physics. The Biological Physics division welcomes the groups of Dr. S. Rulands working
on Statistical Physics of Living Systems and Dr. C. Weber who heads the group Mesoscopic Physics
of Life. Moreover, the research profile of mpipks is complemented by the establishment of three Max
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Planck Research groups, headed by Dr. A. E. B. Nielsen who focuses on Quantum Many-body Systems,
Dr. F. Piazza studying Strongly Correlated Light-Matter Systems and Dr. I. A. N. Sodemann Villadiego
investigating Fractionalization and Topology in Quantum Matter. The International Max Planck Research
School Dynamical Processes in Atoms, Molecules and Solids successfully passed the 12-years evaluation
in September 2015 and was renewed for another six-year period with a new focus on Many Particle
Systems in Structured Environments. The new building of the Center for Systems Biology Dresden was
inaugurated in 2017. Mrs. |. Auguszt, who headed the administration of mpipks since its foundation,
retired in 2017, with Mrs. K. Huppertz taking over the responsibility as head of administration.

1.1 History and Development of the Institute 7



Role of honor: Present status of former group leaders

group active leader current affiliation

Pattern Formation in Head of Department

Reaction-Diffusion-Systems 1995 - 2004 | M. Baér PTB Berlin

Quantum Chaos and Professor

Mesoscopic Systems 1996 - 2001 | K. Richter University of Regensburg

Quantum Chemistry Professor

(first period) 1996 - 2000 | M. Dolg University of Cologne

Quantum Chemistry Staff Scientist

(second period) 2000 - 2005 | U. Birkenheuer | HZ Dresden-Rossendorf

Nonlinear Dynamics in Professor

Quantum Systems 1999 - 2007 | A. Buchleitner University of Freiburg

Complex Media and Professor

Mesoscopic Phenomena 2000 - 2005 | H. Schomerus Lancaster University

Physics of Biological Professor

and Soft Matter 2002 - 2006 | R. Everaers ENS de Lyon

Biological Physics of Olfaction: Senior Scientist

From Genes to Networks 2002 - 2008 | M. Zapotocky Czech Academy of Sciences

Nonlinear Processes Associate Professor

in Strong Fields 2002 - 2008 | A. Becker Univ. of Colorado Boulder

Electronic Structure of Professor

Finite Systems 2003 - 2005 | S. Kiimmel University of Bayreuth

Physics of Cell Division 2004 - 2006 | K. Kruse Prof. at Univ. of Geneva

Many Body Effects in Professor

Mesoscopic Systems 2006 - 2012 | M. Hentschel TU llmenau

Motor Systems 2006 - 2013 | S. Grill Director at the MPI-CBG

Dynamics of Reader

Biological Networks 2007 - 2011 | T. Gross University of Bristol

Stochastic Processes Professor

in Biophysics 2007 - 2011 | B. Lindner HU Berlin

Computational Nonlinear CNRS Researcher

and Relativistic Optics 2007 - 2014 | S. Skupin Université de Bordeaux

New States of Professor

Quantum Matter 2008 - 2011 | A. Lauchli University of Innsbruck

Complex Dynamics in Professor

Cold Gases 2008 - 2017 | T. Pohl Aarhus University
Professor

Molecular Quantum Optics 2009 - 2011 | K. Hornberger University of Duisburg-Essen

Collective Phenomena in Solid Professor

State and Materials Physics 2009 - 2014 | S. Kirchner Zhejiang University
Group Leader

Physics of the Cytoskeleton 2010 - 2015 | G. Salbreux Francis Crick Institute

Dynamical Systems and Associate Professor

Social Dynamics 2010 - 2016 | E. Altmann University of Sydney
Professor

X-Ray Quantum Optics 2011 - 2015 | N. Rohringer University of Hamburg

Topology and Correlations Professor

in Condensed Matter 2011 - 2016 | F. Pollmann TU Munich

Computational Quantum Associate Professor

Many-Body Physics 2012 E. Gull University of Michigan
Professor

Collective Dynamics of Cells 2012 - 2018 | V. Zaburdaev FAU Erlangen-Nuremberg

Quantum Matter - Assistant Professor

Transport and Dynamics 2013 - 2017 | J. H. Bardarson | KTH Stockholm
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1.2 Research Areas and Structure of the Institute

The institute investigates collective phenomena in classical and quantum physics. Its three divisions focus
their research activities on the following main areas:

e With the help of semiclassical methods, the division Finite Systems headed by Prof. J. M. Rost
focuses on the nonlinear dynamics of atoms, molecules and clusters.

e The division Biological Physics headed by Prof. F. Jiilicher studies biological systems with tools of
statistical physics and nonlinear dynamics.

e The division Condensed Matter headed by Prof. R. Moessner studies the classical and quantum
statistical mechanics of condensed matter.

In addition, director emeritus Prof. P. Fulde works on electronic structure calculations in the framework
of wavefunction based methods as opposed to density functional schemes and on the role of spin-orbit
interactions in the theory of superconductivity.

The divisions are supplemented by research groups, which thematically expand, fortify and bridge the
research activities:

e The research group Nonlinear Time Series Analysis headed by Prof. H. Kantz is the only permanent
research group and analyzes temporal and spatial fluctuations in different kinds of deterministic and
stochastic systems, with particular emphasis on climate dynamics.

e The research Group Computational Biology and Evolutionary Genomics headed by Dr. M. Hiller
uses computational approaches to link phenotypic differences between species to differences in their
genomes, which is key to understand how nature's phenotypic diversity evolved.

e The research Group Self~-Organization of Biological Structures headed by Dr. J. Brugués is focused
on understanding how the large-scale patterns and behaviors of biological structures emerge from
the collective behaviors of molecules.

e The research group Statistical Physics of Living Systems headed by Dr. S. Rulands studies mech-
anisms of cell fate regulation in tissue development, maintenance and disease with methods from
statistical physics.

e The research group Mesoscopic Physics of Life headed by Dr. C. Weber applies concepts from the
field of phase transitions, non-equilibrium thermodynamics, and non-linear dynamics to investigate
the basic principles which underly the patterns and the morphology in biological systems.

e The research group Quantum Aggregates headed by Dr. A. Eisfeld investigates the emergence
of collective effects in assemblies of atoms or molecules, with a particular focus on the coupling
between electronic and nuclear degrees of freedom.

e The research group Ultrafast Laser-Matter Interaction headed by Dr. A. Landsman focuses on the
interaction of matter with ultrashort flashes of light, with the ultimate goal to image and control
electron dynamics on the attosecond time-scale.

e The research group Dynamics in Correlated Quantum Matter headed by Dr. M. Heyl studies dy-
namics in quantum many-body systems at the interface between quantum many-body theory, non-
equilibrium physics, quantum information science, and machine learning.

e The research group Computational Quantum Many-body Physics headed by Dr. D. Luitz uses
computational techniques to explore the rich physics of strongly interacting quantum matter both
in thermodynamic equilibrium as well as far from equilibrium.

e The research group Nonequilibrium Quantum Matter headed by Prof. T. Oka theoretically searches
for new ways to control the quantum states in solid state materials via nonequilibrium external fields.

e The Max Planck research group Strongly Correlated Light-Matter Systems headed by Dr. F. Pi-
azza investigates many-body phenomena at the boundary between condensed matter physics and
quantum optics using non-equilibrium quantum-field-theoretical methods.

e The Max Planck research group Quantum Many-Body Systems headed by Dr. A. E. B. Nielsen
focuses on phenomena in strongly-correlated quantum many-body systems with emphasis on frac-
tional quantum Hall physics in lattice systems and related one-dimensional models.

e The Max Planck research group Fractionalization and Topology in Quantum Matter headed by
Dr. I. A. N. Sodemann Villadiego explores the interplay of strong interactions, fractionalization and
topology in quantum matter and studies unconventional forms of spin and charge transport.

1.2 Research Areas and Structure of the Institute 9



e The Max Planck Fellow Group Quantum Chaos and Quantum Dynamics is headed by Prof. R. Ket-
zmerick and focuses on quantum signatures of regular and chaotic dynamics as well as the non-
equilibrium properties of isolated and driven-dissipative many-body systems.

1.3 Workshop and Visitors Program

Its large program for visiting scientists makes the mpipks an almost unique institute within the Max
Planck Society comparable perhaps only to the MPI for Mathematics in Bonn. The visitors program
administers individual scholarships for guest scientists at the institute (p. [[33]), but also international
workshops and seminars (p. [I4Q]). For these we offer both logistical and technical support as well as
access to facilities (seminar rooms, offices, guest houses).

The scholarships are open to scientists at all levels of their career, from students all the way to sabbatical
support for professors. The duration of the scholarships varies between a few weeks to a maximum of two
years. Scholarships, as well as funding for workshops, are awarded by two separate selection committees
that include external experts as members.

Every year, around 1,500 scientists visit the institute, some as part of special programs within the visitors
program: The mpipks hosts up to two Advanced Study Groups per year to foster the exchange between
outstanding scientists and young researchers in residence (p. [5Q]). Each group consists of several long-
staying senior scientists and focuses on a current and important topic in the field of Complex Systems.
The activities are reinforced by short-term visitors who join the group for seminars, lectures, discussions,
and other meetings.

Since 2000, the mpipks annually awards the Martin Gutzwiller Fellowship to an internationally recognized
and experienced scientist (p.[134]), who spends up to one academic year at the institute.

Moreover, the mpipks annually offers one Distinguished PKS Postdoctoral Fellowship to an excellent

young postdoc (p. I38).

1.4 Teaching and Training

In addition to our core activities, we engage in teaching and training.

Training e The mpipks runs the IMPRS Many Particle Systems in Structured Environments, which offers
a well-structured PhD training (p. [I4]). It also participates in the IMPRS for Cell, Developmental and
Systems Biology run by the MPI-CBG, which provides a similarly broad spectrum of lectures and courses.
In addition, it is part of various third party funded structured graduate programs (p. 184).

Our PhD students and postdocs are admitted to the lecture courses of the TU Dresden as well as the
events of the Workshop and Seminar Program (p. [I47)). In addition, the institute organizes soft skill
training events such as German courses or a presentation series on professional skills and career coaching
(p.[I89). These are open to all junior scientists.

Teaching e Experienced postdocs and group leaders conduct lecture series at the TU Dresden and at
other universities (p. [I87]). The benefit is mutual: The lectures offered often cover latest developments,
thus complementing the standard curriculum; at the same time, our young researchers gain valuable
teaching experience.

Research Organization e The large Workshop and Seminar Program at the mpipks also offers young
scientists the opportunity to gain experience in the organization of meetings. Thus, they can influence a
broader research agenda and grow in visibility. Between July 2015 and December 2018, junior scientists
(including young group leaders) of the institute were involved in the coordination of 9 out of 56 events

(p. 147).

1.5 Diversity

The structure of the institute offers ideal conditions for the promotion of diversity. Via the unique
flexibility of the visitors program, we are able to support stays of different lengths (from a few days to
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several years), and with different purposes (from workshop participation to collaborations, PhD training
or sabbatical stays), logistically and/or financially as needed. In this way, we can tailor our support to
individual needs, profiles, and backgrounds. On average the institute hosts scientists from about 40
countries at any given time.

The mpipks is committed to promote the advancement of women in science. It participates in the
annual Girl's Day, invites female students from high schools to lectures and discussions about a career in
science, and encourages female scientists to apply for positions. The percentage of female researchers
has increased to 18% among postdocs and to 21% among predocs holding a contract of more than three
months.

To accommodate the requirements of researchers with small children the institute provides a parent &
child apartment in one of the guest houses. This facility also gives scientists who travel with children the
opportunity to participate in workshops and seminars while their children are cared for on the premises.
Contact to qualified staff is facilitated by the institute upon request. When not booked for workshop
participants, the parent & child apartment can be used by members of the mpipks who need to bring
their children during working hours.

1.6 Public Relations and Outreach

The institute endeavours to bring science, and our contribution to it, closer to the general public.

Each year, we reach about 4000 people with public evening lectures offered in connection with scientific
workshops, the institute's activities at the Long Night of the Sciences (p. 192]), and the lecture series
Science in the Theatre (p.[193)).

A particular focus of the outreach efforts is to acquaint children and teenagers with the sciences and
encourage them to approach scientific topics with confidence (p.[I94]): Our contributions to the program
Junior Doctor aim to arouse the curiosity of young children in a playful way. The school contact program
addresses high school students, whom we hope to inspire through direct contact with young researchers.

On 14th September 2018, the Max Planck Society celebrated the Max-Planck-Day, on the occasion of
the 70th anniversary of the Society, the 160th birthday of Max Planck and the 100th anniversary of
the award of the Nobel Prize to Max Planck. All Max-Planck-Institutes throughout Germany organized
full-day programs directed at a broad public audience in 32 cities. The mpipks joined forces with the
two other Max Planck Institutes in Dresden with an event in the City Hall, offering a broad selection of
formats for the public to get an insight into the research performed at the institutes — including hands-on
experiments, talks, a podium discussion and a science café (p. [192).

1.7 Research Networking

Local e The mpipks finds itself in the midst of a rich research environment formed by the TU Dresden
and the surrounding research institutes. The vivid scientific dialogue with the TU Dresden is mirrored in
the Max Planck Fellow Group Quantum Chaos and Quantum Dynamics headed by Prof. R. Ketzmerick,
as well as in the mpipks participation in three clusters of excellence: Center for Advancing Electronics
Dresden, Physics of Life, and Complexity and Topology in Quantum Materials. Other joint initiatives
include the collaborative research center Correlated Magnetism: From Frustration To Topology, the
International Max Planck Research Schools for Cell, Developmental and Systems Biology and for Many-
Particle Systems in Structured Environments (p.[I4]), and the research training group /tinerant Magnetism
and Superconductivity in Intermetallic Compounds. The mpipks has particularly close contacts to the
Institute of Theoretical Physics and the Institute of Biophysics and is involved in a number of joint
projects (p.[I84]). The division Biological Physics is in close collaboration with the Max Planck Institute
of Molecular Cell Biology and Genetics. The cooperation between both institutes has institutionalized in
2012 by the foundation of the Intersectional Center for Systems Biology Dresden (p.[I2]). The division
Condensed Matter cooperates with the Leibniz Institute for Solid State and Materials Research Dresden
and runs a joint research group with the neighbouring Max Planck Institute for the Chemical Physics
of Solids (p. [@4]). Further collaborations connect the mpipks with the Biotechnological Center and the
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newly founded Center for Regenerative Therapies.
National and International e The numerous different national and international collaborations and con-
tacts are listed in the research group reports (Chapters [[L8] — [I_11] and 3.4]).

1.7.1 Center for Systems Biology Dresden

center for
° A systems biology
o0 dresden

The Center for Systems Biology Dresden (CSBD, www.csbdresden.de) was established by the Max Planck
Society as an intersectional collaboration. It was founded in 2013 with the signing of an operational
agreement between the mpipks and the Max Planck Institute of Molecular Cell Biology and Genetics
(MPI-CBG). The center is built to extend the productive and long-standing partnership between the
mpipks and the MPI-CBG. It aims to foster cross-disciplinary research between physics, computer science
and biology in collaboration with the TU Dresden.

The mpipks and the MPI-CBG administer the center together. The Max Planck Society provides funds
for three research groups that are affiliated with the two institutes and for the division headed by Prof.
Eugene Myers at MPI-CBG. It also provides funds for the ELBE postdoc program administered by mpipks
and the ELBE PhD program administered by MPI-CBG. The Free State of Saxony financed the new
building of the center and the The Federal Ministry of Education and Research (BMBF) has supported
the research at the CSBD via the award of large institutional grants in 2010, 2012 and 2016. The
Dresden University of Technology (TUD) partly finances one professorship, to which lvo Shalzarini, who
is also a group leader at MPI-CBG, was appointed in 2014.

From 2013 to 2017, the center has operated as a virtual entity achieving the development of an organi-
zational structure. This includes the hiring of new group leaders and the development and execution of
the ELBE Postdoc and PhD programs. The ELBE postdoc program attracts postdoctoral researchers
that work across disciplines from physics and computer science to biology and between experiment and
theory. This program is modelled on the visitors program of mpipks and administered by mpipks. The
ELBE postdoc program has the important role to also foster collaborations between experimentalists
and theorists. Therefore, ELBE postdocs are usually affiliated with two research groups, typically one
experimental and one theoretical. Furthermore, the Center also organizes the ELBE PhD track that
funds cross-disciplinary PhD students.

The planning and construction of a new building for the center began in 2013. The current evaluation
period 2015 - 2018 saw the completion of the construction, the inauguration and the occupancy of the
CSBD building in 2017. The ground breaking for the building was in Fall 2014 and the first groups
moved in during March of 2017. The official inauguration was celebrated on June 1, 2017, with the
Minister President of the Free State of Saxony, at that time Stanislaw Tillich, and the President of the
Max Planck Society, Martin Stratmann, being amongst the speakers of the ceremony.

A steering committee is responsible for the scientific management of the Center. It has representatives
of both institutes and is responsible for deciding upon the scientific vision, profile of research activities,
programs and technologies, as well as overseeing the allocation of shared resources (space, equipment,
personnel, systems biology center funds). Only CSBD members serve on the Steering Committee. The
CSBD Coordinator is responsible for external and internal communications of the CSBD, particularly
ensuring the communication flow between the participating institutions. In addition, the coordinator
supports the Steering Committee by enacting many of the decisions made.

The CSBD investigates integrated biological systems with a focus on spatio-temporal processes in cells
and tissues. Interdisciplinary teams of physicists, computer scientists, mathematicians and biologists,
work together closely, embracing the motto "Where computer science and physics meet biology". The
center’s vision is to develop theoretical and computational approaches to biological systems across dif-
ferent scales, from molecules to cells and from cells to tissues. Starting from primarily observations
of spatio-temporal phenomena, we develop theoretical approaches that help to identify principles and
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mechanisms underlying the self-organization of biological systems and processes. To answer such ques-
tions, we combine a unique blend of state-of-the-art genomic technologies and quantitative microscopy,
with computer vision, computational science, and theoretical physics. The center engineers and develops
microscopy techniques that are optimized for automated analysis by computer vision and machine learn-
ing algorithms. Such microscopy techniques provide high quality data in three space dimensions and in
time that provide valuable insights that stimulate biophysical approaches. This combination of computer
science, theoretical physics and experimental biology, with the goal to understand how cells form tissues,
is the main mission of the Center.

The current groups that use office space in the new CSBD building are

e Michael Hiller, (mpipks): Computational biology and evolutionary genomics

e Florian Jug, (MPI-CBG): Computer vision and machine learning for quantitative bioimage compu-
tation

e Frank Jilicher, (mpipks): Theory of biological systems

e Carl Modes, (MPI-CBG): Network complexity and systems biophysics

Eugene Myers (MPI-CBG): Exploring cells & systems via image analysis, customized microscopy,

and genomics

Ivo Sbalzarini, (MPI-CBG and TU Dresden): Scientific computing for image-based systems biology

Agnes Toth-Petroczy, (MPI-CBG): Protein plasticity and evolution

Christoph Weber, (mpipks): Biophysics of mesoscale cellular dynamics

Christoph Zechner, (MPI-CBG): Stochastic models of molecular networks

Furthermore, there is an additional depth in physics, computer science and biology brought by the
following nine research groups that are involved in the governance and research of the CSBD as members:
Jan Brugués (mpipks), Stephan Grill (TU Dresden), Suzanne Eaton (MPI-CBG), Tony Hyman (MPI-
CBG), Moritz Kreysing (MPI-CBG), Steffen Rulands (mpipks), Pavel Tomancak (MPI-CBG), Vasily
Zaburdaev (mpipks), and Marino Zerial (MPI-CBG). The program is further strengthened by its close
involvement with all the researchers of the MPI-CBG and mpipks and the following additional CSBD
affiliates: Carlo Vittorio Cannistraci (TU Dresden), Stefan Diez (TU Dresden), Benjamin Friedrich (TU
Dresden), Carsten Rother (formerly TU Dresden, now University of Heidelberg), Guillaume Salbreux
(formerly mpipks, now Francis Crick Institute London), and Axel Voigt (TU Dresden). Moreover, the
CSBD has established a good relationship with the faculties of Physics, of Mathematics and of Computer
Science at the TU Dresden and with the biotechnology center.
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CSBD building. The Center for Systems Biology Dresden (CSBD) is jointly operated my mpipks and MPI-CBG in cooperation with the
Technical University Dresden. Several computational and theory groups of the CSBD are accommodated in a new building that was
inaugurated in 2017. The building is located next to the MPI-CBG and provides a stimulating environment for physicists and computer
scientists that facilitates interactions between theory and nearby experiments. Pictures by Jussi Tiainen.
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1.7.2 Joint research group with MPI-CPfS

One of the main research themes of mpipks is the study of collective phenomena in quantum matter. This
started with Peter Fulde's activities in the field of strongly correlated electron systems, and continued
after the creation of the condensed matter division headed by Roderich Moessner.

A focal point of present work is the collaboration with experimental activities at the neighbouring Max
Planck Institute for the Chemical Physics of Solids (MPI-CPfS), one of whose main objectives is to study
materials physics with an interdisciplinary approach from physics and chemistry. Recent years have seen
the appointments of Hao Tjeng, Claudia Felser and Andy Mackenzie as directors.

This provides opportunities for a multi-faceted set of collaborations between the institutes. A joint
research group between the institutes was established, which provides an organisational framework for
seeding collaborations between the institutes, in particular enabling young scientists to benefit from
both access to experimental work at MPI-CPfS and the theory environment at mpipks. It thus pro-
vides a conduit between the various groups involved in the study of strongly correlated electron physics,
superconductivity and magnetism. Its current head is Takashi Oka, who established the joint group
"Nonequilibrium quantum matter" in the second half of 2015.

In addition, there are many informal collaborations, for instance on the new field of electronic hydrody-
namics, which has also attracted the attention of members of mpipks hailing from a high-energy theory
background. Further, members of MPI-CPfS engaging primarily in theoretical studies can participate and
contribute to activities at mpipks. The combined research activities of the institutes is also an important
attractive aspect for recruiting young scientific talent to Dresden.

Finally, the two institutes collaborate in the framework of large-scale collaborative grant initiatives, such
as in the Collaborative Research Centre "Correlated Magnetism: from Frustration to Topology” and the
Cluster of Excellence "Complexity and Topology in Quantum Matter”.

1.7.3 International Max Planck Research School

International Max Planck Research Schools (IMPRS) offer English language based structured doctoral
programs based at Max Planck institutes in close collaboration with universities. There are about 60
such research schools across a wide range of interdisciplinary topics.

The IMPRS headquartered at mpipks was established in 2005 with a focus on Dynamical Processes in
Atoms, Molecules and Solids. With two successful evaluations - in 2008 and 2015 - and a prolongation of
the originally envisioned six year funding period through to the end of 2016, the IMPRS was renewed at
the beginning of 2017 for a further six year period. With the renewal the IMPRS defined a new trajectory
in response to changes in the research landscape in Dresden and further afield.

The current IMPRS for Many-Particle Systems in Structured Environments is a collaboration between
groups at the following institutions in three countries

1. Technical University, Dresden - TUD

2. Max Planck Institute for the Physics of Complex Systems - mpipks
3. Leibniz Institute for Solid State and Materials Research - [FW
4

. Institute of Low Temperature and Structure Research - ILTSR (Polish Academy of Sciences,
Wroctaw, Poland)

5. University of Wroctaw - UW
6. Institute of Organic Chemistry and Biochemistry - IOCB (Prague, Czech Republic)

7. University of Chemistry and Technology - UCT (Prague, Czech Republic)

The IMPRS capitalizes on the strengths of the participating research groups in studying many-body
interacting systems in various settings. The structured environments from which the IMPRS takes its
name include optical lattice traps for cold atomic gases, solid state materials driven out of equilibrium,
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organic molecules in solution undergoing light-induced chemical reactions and nuclear matter at high
temperatures and densities. Understanding these systems requires exploring new directions in many-body
physics and chemistry, including time-dependent ab initio calculations, quantum chaos in a many-particle
context, thermalization and ergodicity breaking, and the possibility of new phases appearing in driven
systems.

Participants at the joint IMPRS workshop 2017.

The school has 24 partners including 23 who act as PhD advisors for students of the graduate school
and one coordinator. All matters concerning the large scale operation of the graduate school including
the admission of new students, the allocation of IMPRS funds, the program of IMPRS event including
the summer school and retreat are decided by the board that is composed of nine partner members. The
following is a list of all IMPRS partners with board members highlighted with asterisks:

Prof. A. Backer (TUD)

* Prof. B. Biichner (IFW)
Prof. D. Blaschke (UW)

* Prof. G. Cuniberti (TUD)
* Dr. A. Eckardt (mpipks)
Dr. A. Eisfeld (mpipks)

Dr. F. Grossmann (TUD)
Dr. M. Heyl (MPI PKS)

* Prof. P. Jungwirth (I0CB)
Prof. R. Ketzmerick (TUD)
Dr. A. Landsman (mpipks)
* Dr. P. McClarty (coordinator, mpipks)

* Prof. R. Moessner (spokesperson, mpipks)
Dr. A. Nielsen (mpipks)
Prof. T. Oka (mpipks)

Dr. F. Piazza (mpipks)

* Prof. J.-M. Rost (mpipks)
Prof. U. Saalmann

Prof. P. Slavicek (UCT)
Prof. R. Schmidt (TUD)
Dr. I. Sodemann (mpipks)

* Prof. W. Strunz (TUD)

* Prof. J. Sznajd (ILTSR)
Dr. hab. T. Zaleski (ILTSR)

The board meets approximately once per year.

There is an executive board composed of the spokesperson, coordinator and Prof. Strunz that meets
biannually to carry out an initial evaluation of new applications.
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1.8 Divisions and Groups

Division: Condensed Matter
(Head: Prof. Roderich Moessner)

Condensed matter physics deals with physical processes and phenomena on many scales and levels — from
their microscopic basis all the way to applications in daily life. One of its central attractions lies in the
possibility of pursuing a research programme covering, and linking, many of these.

In this spirit, the condensed matter division studies the collective behaviour of inanimate matter. One
aim is to connect the macroscopic behaviour of matter with the microscopic properties of its constituent
particles. Another one is not only to discover and understand novel behaviour, but also to identify the
principles according to which we can understand how the physical world is organised. For this, we strive
to identify models exhibiting interesting phenomena, as well as materials where these may be observed.

The focus of the division on many-body quantum dynamics in and out of equilibrium has intensified
considerably over the last few years. We are now studying a range of selected topics in the realm of
classical and quantum chaos, transport, equilibration and thermalisation, and the role of disorder and
nontrivial (free) energy landscapes.

Besides this, our long-standing interest in exotic phases and topological materials is continuing, at a time
when experimental studies are producing an unprecedented richness of interesting experimental findings.

Research Topics

Kitaev materials. Following the excitement surrounding the identification of a material — a-RuClz —
potentially realising Kitaev's spin liquid, we have invested much effort into pinning down experimental
signatures of this exotic phase, e.g. in signatures of Majorana fermions in neutron or Raman scattering.
Many conceptual advances have resulted from this, e.g. the formulation of the concept of a proximate
spin liquid. This has built on our exact solution of the dynamical structure factor of the pure Kitaev
model, as well as our development of a matrix product operator based algorithm for simulating the
real-time dynamics of quantum spin systems in two dimensions.

Inverted hysteresis. In collaboration with an experimental group at Dresden’s high magnetic field lab-
oratory, we developed a theory for the inverted hysteresis loop found in a pyrochlore compound — in
particular, exhibiting a remanent magnetisation in a direction opposite to its saturation field. This was
based on the existence of a nonequilibrium population of magnetic domain walls separating nonmagnetic
domains in zero field.

Discrete time crystals. In part motivated by experimental work, which detected signatures of the spa-
tiotemporal order predicted by us, we have extended our study of such systems, now known under the
name ‘discrete time crystals’ to include period tripling in parafermionic systems, as well as the fate of
this phenomenon in open systems: coupling to a bath generally endows the effect with a finite lifetime.

Disordered flat bands. We have identified a family of disordered hopping models in which a flat band
is present. This has built on our work on jamming in spin systems, which in turn has uncovered a rich
phenomenology for static and dynamical properties of the relevant constraint-balanced disordered spin
model.

Disorder-free localisation. We have identified routes for obtaining localisation in systems without quenched
disorder. One of these, Stark many-body localisation, uses the presence of Bragg localisation for cold
atoms in a trap, in order to mimic the phenomenology of many-body localisation; while another route
involves integrability hidden by a duality transformation in a quantum quench with both translationally
invariant Hamiltonian and initial state.

Topological electrons. Our extensive work on topological condensed matter physics has continued. This
e.g. includes identification and analysis of a topological band structure reminiscent of a smoke ring,
with a topologically protected nodal line; or the study of topological magnon band structures and their
experimental signatures.

Hydrodynamic transport. We have studied signatures of the hydrodynamic transport regimes proposed
for graphene and certain delafossite materials, e.g. the prediction of the emergence of a boundary layer
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in the response of a laterally confined liquid ('duct flow') to an alternating external field.

Perspectives

The condensed matter division at the mpipks is now more than 10 years old. The period since the
last scientific advisory board meeting has been a particularly dynamic period. Two group leaders, Jens
Bardarson and Frank Pollmann, as well as a number of senior postdocs, have accepted offers of faculty
positions. Newly arrived group leaders are Takashi Oka, whose joint group with MPI-CPfS, see below, is
now firmly established; and more recently David Luitz, who specialises in computational quantum many-
body physics; and Markus Heyl, who works on dynamics in correlated quantum matter. In addition, the
institute has been fortunate to be able to host three independent Max Planck Research Groups leaders,
two of which, Anne Nielsen, Inti Sodemann are affiliated with the condensed matter division. The third,
Francesco Piazza, provides a valuable bridge to the finite systems division, to which he is affiliated.

This has provided a new focus, as well as broadened, the research profile of the division. In this context,
of further note is the recruitment of Piotr Surowka, a high-energy physicist by training, who contributes
a new perspective to our quantum dynamics research effort.

One research focus extending our long-standing research effort in the search for unconventional — topo-
logical nonequilibrium and other — new phases will be the investigation of regimes which are non-universal
in the usual sense, but nonetheless generic. The abovementioned proximate spin liquid, as well as prether-
mal time crystalline regimes, provide instances of such behaviour, the importance of which lies in their
robust observability compared to the concomitant 'pristine’ but often masked or preempted universal
regimes.

Another direction of investigation is the role of quasiparticles — and their absence — for various aspects
of many-body dynamics, in particular in regimes exhibiting features of chaotic behaviour. This has re-
ceived much impetus through recent studies of quantum chaos emanating from the high-energy physics
community, whose relevance for realistic low-energy lattice models is in the process of being clarified.
A thread combining these above two paths concerns the question of the role of (de)coherence for the
observation of entangled phases in experiment.

Cooperations

e Joint group with Max Planck Institute for the Chemical Physics of Solids: This cooperative ac-
tivity has received a redoubled impetus with the arrival of Andrew Mackenzie as a new director at
MPI-CPfS, whose experimental activities have proven a popular subject for theoretical studies at
MPI-PKS.

The group headed by Takashi Oka works under the heading of nonequilibrium quantum matter.
Not only has it led to a number of interesting joint projects between the institutes, it has also
functioned as a conduit for facilitating contact between members of MPI-PKS and experimental
activities at MPI-CPfS.

The condensed matter division is actively involved in two large-scale cooperative grants. Firstly,
the collaborative research center SFB 1143 at TU Dresden, entitled “"Correlated magnetism: from
frustration to topology”; and secondly, the cluster of excellence ct.gmat — “complexity and topol-
ogy in quantum matter” where the TU Dresden has joined forces with the JMU Wiirzburg.

e Manifold cooperations with theory groups internationally, e.g.:

— Canada: Simon Fraser University (Igor Herbut); University of Toronto (Yong-baek Kim; Sung-
Sik Lee)

— China: Chinese Academy of Sciences (Yuan Wan); Tsinghua University (Lih-king Lim)

— France: University of Bordeaux (Ludovic Jaubert); CEA Grenoble (Mike Zhitomirsky); Ecole
Normale Supérieure Lyon (Peter Holdsworth); Université Paris VI-Jussieu (Benoit Dougot)

— Great Britain: University of Cambridge (Claudio Castelnovo); Loughborough University (loan-
nis Ruchosatzakis); Oxford University (John Chalker, Dima Kovrizhin); St. Andrew's (Chris
Hooley)

— Hungary: Budapest University of Technology and Economics (Balazs Dora)
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India: IACS Kolkata (Arnab Das, Arnab Sen); Raman Research Institute (Dibyendu Roy);
Tata Institute for Fundamental Research (Kedar Damle, Subhro Bhattacharjee)

Italy: ICTP Trieste (Antonello Scardiccio)

Japan: Gakushuin University (Masafumi Udagawa); University of Tokyo (Yukitoshi Motome)
United States: Google (Sergei Isakov); Johns Hopkins (Oleg Tchernyshyov); University of
Minnesota (Natalia Perkins); Princeton University (Shivaji Sondhi); UC Riverside (Kirill Sht-
engel)

e Cooperations with experimental groups, e.g.:

— Argentina: UNLP-Conicet La Plata — Santiago Grigera (non-equilibrium behaviour in spin ice)
— Germany:
x High magnetic field laboratory, Helmholtz Zentrum Dresden-Rossendorf — Jochen Wos-
nitza (ultrasound studies on frustrated magnets)
x MPI-CPfS - Andy Mackenzie (electron transport)

— United States: Oak Ridge National Laboratory — Steve Nagler, Alan Tennant (Kitaev mate-
rials); Brown University - Kemp Plumb (spin liquids)

Research Group: Quantum Matter - Transport and Dynamics
(until August 2017, Head: Dr. Jens H. Bardarson)

The research group “Quantum Matter — Transport and Dynamics" was established at the mpipks in
September 2013. Its members during the period of this report included three postdocs (Soumya Bera,
Jacopo Viti and Jun-Won Rhim) and four PhD students (Jan Behrends, Younes Javanmard, Talia Lezama,
and Emmanouil Xypakis). In September 2017 the group leader, Jens H Bardarson, moved to KTH Royal
Institute of Technology in Stockholm, Sweden, where he took a faculty position.

The group's main interests are in the physics of quantum matter, whereby we refer to a class of materials
where quantum phenomena are essential even at relatively large and experimentally relevant scales. In the
last couple of years our research has focussed on three different classes of materials, topological insulator
nanowires, Weyl semimetals, and many-body localized insulators. Our approach is mainly computational,
and is motivated by explaining and/or suggesting possible experiments that would reveal the underlying
physics, with the main probes being transport or quantum dynamics. We have collaborated with our
experimental colleagues at the Max Planck Institute for Chemical Physics of Solids and The Leibniz
Institute for Solid State and Materials Research both in Dresden on the topics of Weyl semimetals and
topological insulator nanowires, respectively.

Topological insulators are materials that have an insulating bulk but a robust metallic surface. The
metallic surface states result from an unavoidable unknotting of the wave function of the material at
the interface with vacuum (or air). On the inside the wave function is tied into a knot but not on the
outside—the surface state is therefore topologically protected, as the untying of the knot needs to take
place somewhere, and this results in the metallic state. An even more exotic state is obtained when
such material is made into a nanowire and coupled to a superconductor. This results in the formation
of Majorana modes at the ends of the wires. Majorana fermions are their own antiparticles, and in the
current context the Majorana modes are best understood as resulting from the splitting of a single regular
fermion into two parts, each part residing on their respective end of the wire. On the topic of topological
insulator nanowires we have (i) introduced a simplified transport model that allows for an easier direct
comparison with experimental results, (ii) studied the emergence of a v = 0 quantum Hall plateau
induced by disorder and shown how it is reflected in conductance fluctuations, (iii) demonstrated how in
the presence of magnetic field thermoelectric current through such wires can under certain circumstance
flow from the cold to the hot electrode, and (iv) studied the effect of ripples in the surface of the wire
on transport properties.

Weyl semimetals constitute another topological phase of matter, but one that is metallic. The topology
still arises from the properties of the wave function; this time the band structure of the electrons has
isolated points where the conduction and valence points touch. These points act as monopoles of Berry
phase, which is a measure of the winding of the wave function. The low energy degrees of freedom,
which dominate transport properties, are given in terms of Weyl fermions that come in pairs with opposite
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chirality or handedness: Weyl fermions are left or right handed. We have studied several different aspect
of the physics of Weyl semimetals, here we mention a few: (i) we introduced one way in which one can
realize a fractional version of the Weyl semimetal through the combination of interactions and a magnetic
field, (i) we uncovered a strong dependence of the magnetoresistance in Weyl semimetals on the angle
between the Weyl node separation and the magnetic field, (iii) showed that in tilted Weyl semimetals one
can obtain anomalous Nernst and thermal Hall effects, and discussed how they can be experimentally
observed, and (iv) showed how coupling of the different Weyl nodes can in some cases lead to a different
phase of matter called nodal-line semimetal, in which the conduction and valence bands touch in a line
instead of in a set of points.

Many-body localization is the interacting version of Anderson localization, in which all quasiparticles
are localized and immobile. As a result, thermalization does not take place and processes and order
otherwise forbidden by statistical mechanics are allowed. In particular, zero modes can be stabilized
at high energies or temperatures. Many-body localization is characterized by area law entanglement in
eigenstates and slow logarithmic growth after global quantum quenches. We have shown how one can (i)
think of each eigenstate as being equivalent to a ground state in the sense of having a step function in the
occupations (eigenvalues) of the one particle density matrix, equivalent to what happens in Fermi liquid
ground states, and how (ii) the step is smeared in quantum quenches, phenomenologically similar to the
effects of temperature in Fermi liquids. We have furthermore studied signatures of many-body localization
in (iii) the bipartite fluctuations after a quantum quench, and (iv) the quantum mutual information.

External collaborations

e Jerome Cayssol, Universite Bordeaux et CNRS, France.

e Sigurdur |. Erlingsson and Andrei Manolescu, Reykjavik University.

Romain Giraud and Joseph Dufouleur, Leibniz Institute for Solid State and Materials Research,
IFW Dresden, Germany.

Adolfo G. Grushin, Institut Neel, CNRS and Universite Grenoble.

Fabian Heidrich-Meisner, Ludwig-Maximilians-Universitat Miinchen, Germany

Roni llan, Tel Aviv University.

Tobias Meng, TU Dresden.

Henning Schomerus, Lancaster University, United Kingdom.

Kirill Shtengel, University of California at Riverside.

Research Group: Dynamics in Correlated Quantum Matter
(since September 2016, Head: Dr. Markus Heyl)

The research group Dynamics in correlated quantum matter started at the mpipks in September 2016.
It currently consists of three postdocs (Yi-Ping Huang, Petr Karpov, and Adrien Bolens) and three PhD
students (Daniele Trapin, Heiko Burau, and Roberto Verdel Aranda). During the first two years also two
summer internship students were hosted (Vikram Ravindranath and Abijith Krishnan).

The central research objective of this group is the study of the dynamics in quantum many-body sys-
tems. The interplay of quantum correlations imposed by interactions and dynamics can lead to complex
phenomena ranging from new kinds of phase structures to universal behavior in real-time evolution. It is
the main goal to identify general principles underlying such complex dynamical quantum processes and
to develop a systematic understanding not only for specific problems but rather whole classes of phe-
nomena. This research is not only driven by fundamental theoretical questions. It is also guided by the
recent experimental progress in so-called quantum simulators, where nowadays access to the dynamics in
correlated quantum matter has been achieved with unprecedented control. In this context we also work
closely with experimental groups to identify and propose feasible experiments. Within the last two years,
the group has focused particularly onto the following main lines of research:

Dynamics in nonergodic and constrained quantum many-body systems

It is the central property of ergodic systems to exhibit relaxation towards equilibrium independent of
initial conditions when they are evolved for a long time. Thus, in order to generate long-lived quantum
states with inherent nonequilibrium properties it is essential to induce nonergodic behavior. We have
explored various questions in this direction. First, we have studied many-body localized systems, where
nonergodicity originates from imposing strong disorder. In this context we have (i) studied implications
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of nonergodicity onto time-irreversibility, (ii) formulated a theory of dynamical potentials in order to
explore whether a macroscopic description of many-body localized systems is possible, (iii) constructed
an experimentally feasible observable to measure many-body localized spin-glass order, and (iv) developed
an efficient solution of many-body localized systems at very strong disorder, which we further utilized to
study the influence of an environment onto the many-body localized phase. Second, we have investigated
nonergodic and metastable states imposed by other constraints: (i) we have shown that lattice gauge
theories can generically exhibit nonergodic behavior without imposing disorder but rather caused by gauge
invariance and (ii) we have contributed to an experiment which has observed a metastable prethermalized
state in a periodically driven quantum many-body system, where the dynamical constraint is imposed by
a large driving frequency.

Dynamical quantum phase transitions

Another general route towards creating nonequilibrium states of quantum matter is to perturb a system
strongly at some instant of time and to study the subsequent dynamics on intermediate time scales before
final relaxation takes place in the long run. It is one main purpose of the research in this group to identify
general principles of such dynamics through the lens of the theory of dynamical quantum phase transitions.
As opposed to conventional equilibrium phase transitions which are driven by a control parameter such as
temperature, these dynamical transitions occur during nonequilibrium real-time dynamics with physical
quantities becoming nonanalytic as a function of time. In this context we have (i) been working on ideas
to formulate analogs to Landau theories for these dynamical quantum phase transitions, (ii) collaborated
with several experimental groups to observe signatures in systems of ultra-cold atoms in optical lattices,
trapped ions, and quantum walks, (iii) contributed reviews summarizing the recent progress in this field,
and (iv) have studied dynamical quantum phase transitions for particular model systems such as lattice
gauge theories or collapse and revival oscillations in a superfluid.

Quantum dynamics and quantum information

Many concepts from quantum information theory have become central for the characterization of quan-
tum many-body systems and their dynamics. This includes quantum entanglement, which we (i) have
analyzed in the nonequilibrium dynamics of a quantum spin model experiencing dynamical quantum phase
transitions in a recent experiment and (ii) have studied its spatial structure both in ground and finite-
temperature states of the paradigmatic transverse-field Ising chain. Further, we have shown that so-called
out-of-time ordered correlators, originally proposed to quantify the spreading and scrambling of quantum
information, can also be utilized to detect phase transitions in quantum Ising models in a dynamical
fashion. Today, the rapid development in quantum computing devices opens up a further interface be-
tween quantum many-body theory and quantum information science. Specifically, these devices are now
beginning to touch a regime, where many-body effects play an important role. In this context, we have
studied an inherent error source originating from time discretization in so-called digital quantum simu-
lation, where quantum computers are utilized to simulate the dynamics of quantum many-body models.
In particular, we have shown that the formal question of time discretization errors is intimately linked to
a quantum 