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Title: Out of equilibrium fermionic superfluids

One of the experimental peculiarities of ultracold gases is that one can change 
the strength of interactions at will, thanks to the Feshbach resonance phenomenon. This is 
used to explore the BEC-BCS crossover. This continuous transition corresponds to the 
continuous change between a Bose-Einstein Condensate of strongly bound molecules and 
a superfluid which is similar to a superconductor

The thermodynamics at equilibrium in such a system is well understood [1]. But out-of-
equilibrium situations are  a new field to be explored. 

The goal of this internship is to study out of equilibrium problems in the field of ultracold 
fermions. The student will study the time evolution of the superfluid order parameter 
when the scattering length is time dependent, with for instance linearly or sinusoidal 
variations. The theoretical description will be limited to a  mean-field approach and to 
solving time dependent Bogoliubov-de Gennes equations [2]. Strong out-of-equilibrium 
situations will be solved numerically, whereas a weak change of the scattering length will 
be treated analytically. In this case, one expects oscillations of the modulus of the 
superfluid order parameter-the so-called « Higgs mode ». This mode has been recently 
observed in the context of superconductors excited by TeraHertz puls [3]. This internship 
is therefore at the interface between atomic physics and condensed matter physics.

The student should be familiar with basic notions of quantum mechanics and statistical 
physics. He/she will learn the necessary theoretical tools during the internship, by using 
them.
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