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08:15 Prof. Martin Eckstein, University of Hamburg 
 “Controlling complex material properties on femtosecond timescales” 
 

Using state of the art laser technology one can probe condensed matter systems 
on the intrinsic timescale of their microscopic constituents. Observations like photo-
induced metal-insulator transitions or photo-induced superconductivity raise the 
hope for an era of material science in which complex phases and phase transitions 
can be controlled within femtoseconds. Often, however, even a qualitative 
understanding of the physical processes behind these transitions is missing, and 
theoretical ideas beyond established concepts of condensed matter physics are 
needed to guide the development in this rather young field of research. In this talk I 
discuss recent developments and future perspectives of theoretical approaches 
based on the dynamical mean-field theory (DMFT) and its generalizations [1]. In 
equilibrium, DMFT has become a standard ab-initio technique to describe 
correlated materials. Applications of DMFT in nonequilibrium range from 
fundamental questions like the reversibility of quantum many-particle systems or 
the formation of quasi-particles in real time, to specific issues like the relevance of 
various decay channels in photo-doped insulators for non-linear transport and light-
harvesting. After a brief overview I will focus on one particular example of 
manipulation complex systems, which shows that magnetism can be controlled 
without magnetic fields, by a direct manipulation of the magnetic exchange-
interaction with light [2]. 
 
[1] Aoki, Tsuji, Eckstein, Kollar, Oka, and Werner, Rev. Mod. Phys. 86, 779 (2014). 
[2] Mentink and Eckstein, Phys. Rev. Lett. 113, 057201 (2014); Mentink, Balzer, 
and Eckstein, arXiv:1407.4761. 

 
 
09:15 Dr. Rahul Nandkishore, Princeton University 
 “Many-body localization: a new frontier for quantum statistical  
 physics” 
 

The existing theory of quantum statistical mechanics describes open systems in 
contact with large reservoirs. However, experimental advances in the construction 
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and control of isolated quantum systems have highlighted the need for an 
analogous theory of isolated systems. It has been realized that isolated quantum 
systems can support behavior which has no analog in open quantum systems. A 
prominent example is the phenomenon of many body localization.  
Many body localization occurs in isolated quantum systems, usually with strong 
disorder, and is marked by absence of dissipation, absence of thermal 
equilibration, a strictly zero DC conductivity (even at energy densities 
corresponding to high temperatures), and a memory of the initial conditions that 
survives in local observables for arbitrarily long times. Recently, my co-workers 
and I have demonstrated that many body localization also opens the door to new 
states of matter which cannot exist in thermal equilibrium, such as topological order 
at finite energy density, or broken symmetry states below the equilibrium lower 
critical dimension. We have also uncovered a host of unexpected properties, such 
as a set of universal spectral features and a non-local charge response, that have 
striking implications for fields as diverse as quantum Hall based quantum 
computation and quantum control. In this talk, I review the essential features of the 
many body localization phenomenon, and present some of the recent progress that 
I have made in this field. I also discuss the implications of these results for both 
theory and experiment.   

 
 
10:15 Coffee break 
 
10:45 Dr. Johannes Bauer, Harvard University 
 “Phases and dynamics of correlated electron systems” 
 

Correlated electron systems display a wealth of interesting properties possibly 
relevant for future technological devices, such as ultrafast transistors or energy 
applications. However, the accurate description of their phases and dynamics still 
poses a major theoretical challenge. In this talk I will focus on recent progress in 
the theory of superconductivity and the microscopic description of unconventional 
charge order in the pseudogap phase of the cuprate high temperature 
superconductors. I will review experimental evidence for incommensurate charge 
order in various cuprate families. Motivated by these experiments, we performed a 
number of complementary computations to analyze charge-neutral, spin-singlet 
ordering in metals on the square lattice taking into account correlation effects. Our 
results are in good accordance with various recent observations although open 
questions remain. Subsequently, I will discuss additional current and future 
research directions. These include the development of a novel theoretical 
approach for correlated lattice systems and a brief review of our recent work on 
non-equilibrium dynamic phase transitions for fermions after an interaction quench. 

 
 
11:45 Prof. Sebastian Huber, ETH Zürich 
 “Strongly correlated phases out of equilibrium: from atomic vapors 
 to electrons in solids” 
 

Theoretical condensed matter physicists are equipped with reliable tools to 
describe interacting many-body problems in thermal equilibrium. Things get more 
shaky when the system under investigation is brought out of equilibrium in one way 
or another. Matters worsen when interactions between particles are strong. In my 
talk I will highlight how we take steps towards the creation of a framework that 
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allows us to tackle also strongly interacting non-equilibrium problems. Given the 
complexity of the theoretical issue it is important to orient oneself on currently 
accessible experimental systems. I will discuss how we capitalize on recent 
developments in various sub-fields cold atoms research and experimental 
condensed matter physics.    

 
 
 

Friday 31 October 2014 
 
08:15 Dr. Andreas Schnyder, MPI for Solid State Research, Stuttgart 
 “Classification of topological quantum matter with symmetries” 
 

Topological materials have in recent years become a subject of intense research 
due to fundamental considerations as well as potential use for technical 
applications in device fabrication and quantum information. One of the hallmarks of 
topological materials is the existence of protected exotic zero-energy surface 
states, which arise as a consequence of a nontrivial topology of the bulk wave 
functions. In this talk, starting from the ten-fold classification of topological 
insulators and superconductors, I will survey recent developments, with a particular 
emphasis on the topological classifications of fully gapped and gapless materials in 
terms of crystal symmetries. As concrete examples, I discuss superconductors 
without inversion symmetry, which are promising candidate materials for 
topological superconductivity. Due to strong spin-orbit coupling the topological 
surface states of these superconductors exhibit an intricate spin texture. I will 
discuss experimental signatures of these topological surface states in charge and 
thermal transport measurements, as well as in Fourier-transform scanning 
tunneling spectra. 

 
 
09:15 Dr. Titus Neupert, Princeton University 
 “Non-Abelian anyons in strongly correlated topological states of  
 electronic matter” 
 

Topological states of matter have sparked tremendous interest in recent years, 
including the prediction and experimental discovery of topological band insulators. 
Topological states have been proposed as platforms to realize non-Abelian 
anyons, which in turn could potentially be used to build resilient topological 
quantum computers. Initially, certain fractional quantum Hall states were proposed 
as platforms for non-Abelian anyon excitations. However, extreme demands on 
sample quality and temperature regimes hindered the experimental breakthrough. I 
will show how the recent theoretical discovery of topologically equivalent states, 
the so-called fractional Chern insulators, gives a new perspective to this approach. 
As a second venue to non-Abelian anyons, I will discuss how the surfaces of 
conventional or unconventional superconductors, when decorated with adatoms, 
can be used to localize and manipulate Majorana bound states. 

 
 
10:15 Coffee break 
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10:45 Dr. Chase Broedersz, Princeton University 
 “Keeping it together: organizing the bacterial chromosomes for 
 division” 
 

Chromosomal organization presents a major challenge in all organisms. Most 
bacteria contain a single circular chromosome a thousand-fold longer than the 
bacteria itself. This chromosome is highly condensed and is organized in part by a 
large amount of associated proteins. Single-molecule experiments revealed that 
these proteins impact DNA structure by inducing bridging, bending, twisting, 
looping, or coiling. However, it remains unclear how such DNA-binding proteins 
collectively organize the bacterial chromosome. I will focus on what is arguably the 
most demanding organizational task for the bacterial chromosome: DNA replication 
and segregation. In many bacteria, chromosome segregation is mediated by the 
ParABS system. At its heart, this segregation machinery includes a large protein-
DNA complex consisting of roughly 1000 ParB proteins. However, the physical 
organization of ParB proteins on the DNA remains unclear. What controls the 
formation, localization, and stability of the ParB complex? To uncover the 
biophysical principles that determine the organization of this partitioning complex, I 
developed a simple model for interacting proteins on DNA. This model shows that 
a combination of 1D spreading bonds and a 3D bridging bond between ParB 
proteins constitutes a minimal model for condensation of ParB proteins into a 3D 
ParB-DNA complex. The central predictions of this model directly address recent 
experiments on ParB-induced gene-silencing and the effect of a DNA ``roadblock'' 
on ParB localization. Furthermore, my model provides a simple mechanism to 
explain how a single centromeric parS site on the DNA is both necessary and 
sufficient for the formation and localization of the ParB-DNA complex. 

 
 
11:45 End 
 
 
 
 
 
 
October 1, 2014 
 


