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Non-linear effects in electron-phonon mediated superconductivity

The electron-phonon interaction is a key quantity that appears in several areas of condensed 
matter physics. Among many other examples, it is responsible for conventional 
superconductivity and for the variation of the band gap of semiconductors with temperature.
In the field of semiconductors, the treatment of the electron-phonon coupling follows the so-
called Cardona-Allen-Heine theory. It consists in including the first order coupling in 
second order perturbation theory (Fan term) and the second order electron-phonon coupling 
in first order perturbation theory (Debye-Waller term). It is known that these terms have 
opposite signs and similar magnitudes, so that they cancel to a large extent. On the other 
hand, in the many-body theory of superconductivity, following Migdal's theorem, only the 
first-order coupling is accounted for. It is true that the second order coupling cannot lead to 
the binding of a Cooper pair. However, it will certainly contribute to the renormalization 
term in the Eliashberg equations and, consequently, have a large influence on the calculated 
superconducting properties. Unfortunately, this term has never been considered in the 
literature of superconductivity.

The objective of this stage is to answer a very fundamental question in the theory of 
superconductivity, namely the effects of non-linearity. This will be done by deriving the 
Eliashberg equations in presence of both the first order and the second order electron-
phonon coupling. These equations will be obtained within the context of many-body 
perturbation theory in Nambu-Gorkov Green's function space. 

The student will be supervised by Dr. Miguel Marques at the ILM, University of Lyon 1. 
For this project we require a brilliant and very motivated student, with an excellent 
knowledge of mathematics and quantum mechanics. It is also desirable that the student has 
a basic knowledge of the Green's function formalism, either within condensed matter 
physics or within high-energy physics. This stage of M2 would ideally be a starting point 
for a thesis in theoretical physics.
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