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Correlations in Dirac Matter

Summary :

Ever since the discovery of graphene,  the study of Dirac fermions in condensed-matter 
systems has become a major research issue. Such Dirac fermions occur in the vicinity of 
contact points between two coupled bands, and they are no longer described by the non-
relativistic  Schrödinger  equation,  but  rather  in  terms  of  the  Dirac  equation  for  ultra-
relativistic (massless) particles. Beyond graphene, Dirac fermions occur in other systems 
such  as  topological  insulators  or  in  some organic  layered  crystals  (aI3).  The  latter  are 
particularly interesting from the point of view of electronic interactions. Indeed, interaction 
effects are relatively weak in graphene, the electronic properties of which are to great extent 
understood in the framework of non-interacting particles. The organic crystal aI3, however, 
reveals a charge-ordered state at low temperature and ambient pressure that is a fingerprint 
of  strong  electronic  correlations,  whereas  Dirac  fermions  become  visible  only  at  high 
pressure. 

The  proposed  PhD  subject  aims  at  a  deeper  understanding  of  correlated  Dirac 
fermions in  the aI3.  Namely exotic  states,  such as  topological  Mott  insulators  or  other 
topological phases, may be expected in this system. The project has an analytical as well as 
a  strong numerical  component.  The latter  consists  of  calculations  within  the dynamical 
mean-field theory (DMFT) that needs to be developed for the present system, based on an 
analytic tight-binding description.  In parallel,  similar calculations are envisioned for the 
simpler graphene lattice with short-range interactions, which represents a playground model 
to understand the properties of aI3.

The student will be integrated in the LPS theory group, which has a strong research 
background in Dirac fermions. Furthermore, experiments on al3 are ongoing at LPS and the 
student will profit from a stimulating theoretical and an experimental research environment.
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