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Summary : Strongly correlated systems in one dimensional (1D) or quasi 1D have played a 
pivotal role in the last decade both in condensed matter physics and also in quantum optics. 
Many experiments of ultracold atoms trapped in 1D like-potential offers a natural platform to 
study the equilibrium properties and especially the dynamical properties of such systems in a 
highly controllable manner and can be viewed in that respect as in situ quantum simulators 
to explore new exotic phases of matter.  
In order to be acquainted with the field theory techniques related to one dimensional 
interacting systems in 1D, the future student will first explore the phase diagram of trapped 
correlated bosons which have internal degrees of freedom that can be described by a SU(N) 
symmetry. This directly applies to the localization properties of a gas of 134Yb atoms. 
The quantum dynamics of many body systems is a relatively unexplored frontier where new 
physical laws are waiting to be revealed. In recent years, experiments in cold atoms and in 
solid-state systems began exploring this field, with the ability to resolve the time evolution of 
complex interacting quantum systems. On the theoretical side, we are looking for new 
paradigms of correlated dynamical behavior able to describe some universal aspects of 
equilibration and thermalization, as well as disorder localization effects. 
Although understanding the quantum dynamics of disordered many body systems may look 
tremendously difficult, progress can be envisioned by either using powerful numerical 
methods or by focusing on 1D systems where analytical techniques are available. Together 
with the future PhD student, we plan to extend a variational approach in replica space we 
have used to describes the properties of a boson-fermion mixture in a disordered potential 
[1,2,3] to also study the dynamics of localization of a correlated gas of bosons after a 
disordered potential is switched on. 
 
The future student will have the opportunity to work in close collaboration with Prof. G. 
Zarand (http://www.phy.bme.hu/~zarand/) in Budapest where regular visits are planned. 
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Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 

Condensed Matter Physics: YES    Macroscopic Physics and complexity:: NO 

Quantum Physics:  YES   Theoretical Physics: YES 


