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A “lattice gas” approach to unconventional superconductivity  

More than 25 years after their discovery in 1986, high critical temperature superconductivity remains an 
unsolved problem. The phase diagram of the cuprates, Figure A, illustrates the antiferromagnetic phase at 
low doping (p = 0) and the superconducting phase (SC) of condensed pairs at finite doping. The critical 
temperature Tc (p) , a dome-shaped curve, has a very high maximum value (~100 Kelvin). 

Contrary to a classical 
superconductor, cuprates do not 
return to the normal metal state 
above Tc, but to the "pseudogap" 
(PG) state characterized by a gap at 
the Fermi level but with no SC 
coherence. The conventional theory 
of superconductivity of Bardeen, 
Cooper and Schrieffer (BCS), the 
'mean field' approximation, fails to 
describe this transition. 
 

To investigate this, we exploit the Bobolioubov-de Gennes (BdG) formalism which is very well suited to 
the situation of Cu-O planes of the materials. In the atomic-site representation,  i.e. the concept of a 
‘lattice gas’, the BdG equations have already been used to study the influence of point defects or a 
magnetic field,  for example reference [1] . 

The goal of the internship is to model the PG to SC transition, diagram A, going beyond the BCS theory 
by including pair-pair interactions in the Hamiltonian. In the formalism, several interaction terms will 
intervene: 1. localized pairs 2. delocalized pairs, 3. pair-pair interactions and 4.5., etc., terms of the higher 
order (diagram B). 

Analytical and numerical simulation results will be compared to our recent model wherein the PG state is 
consists of fluctuating incoherent pairs while SC condensation is caused by their mutual interaction [2] . 

The continuing PhD project will include experiments using low-temperature STM/STS tunneling 
spectroscopy on a variety of unconventional superconductors (cuprates, pnictides, etc.). 
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