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New condensed matter phases in multi-body interacting quantum systems

This consensed matter theory intership  proposal deals with the many-body quantum problem. We 
wish to investigate theoretical models of interacting quantum particles (bosons, spins, fermions), 
when interactions terms concern more than two bodies. A celebrated example is the one of multiple 
(ring) exchange, relevant for experiments of solid 3He or high temperature superconductor parent 
compounds. Multi-body  interactions can destabilize the usual ordered ground-states of condensed 
matter (such as antiferromagnetism or superfluidity), leading to new exotic phases of matter : topo-
logical spin liquids, excitonic bose liquids, chiral spin states, deconfined quantum critical points etc. 
These new states of matter are at the heart of many recent investigations, but are nevertheless still 
little understood.

To make progress, a first step  is to study theoretically  lattice models, which are simple to write but 
yet extremely difficult to solve. For this internship, we suggest  to develop  new numerical methods, 
of quantum Monte Carlo type, in order to solve these models. This exact numerical technique allows 
to treat systems with a large number of particles, which is crucial to describe ground-states in the 
thermodynamic limit. However, multi-body interactions are not easily incorporated in quantum 
Monte Carlo simulations, and part of the work will consist in developping new adapted algorithms.

Thew new phases of matter described above (such as spin or Bose liquids) are sometimes hard to 
characterize, as they exhibit no local order parameter. New ways of identifying them have been re-
cently proposed, building on ideas coming from quantum information theory: they consist in stu-
dying the entanglement between different parts of these systems. If time allows, another part of the 
internship will consist in implementing entanglement measures (such as entanglement entropy) in 
quantum Monte Carlo simulations, in order to better understand these new states which are often 
thought to exhibit long-range entanglement.   

The intern will have a solid background in quantum mechanics and statistical physics. Experience in 
computational physics will be appreciated, but is not mandatory. The internship will take place in 
the condensed matter theory group of the Laboratoire de Physique Théorique in Toulouse and can be 
followed by a PhD thesis on the same topic.

Condensed Matter Physics :  YES     Macroscopic Physics and complexity  : YES
Quantum Physics :  YES     Theoritical Physics : YES
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