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Modulo 1 Many-body theory at finite temperature: thermal Green’s functions. Re-

minder on superconductivity and superfluidity. Phenomenological theories: Ginzburg-

Landau theory and inhomogeneous superconductors. Gauge symmetry and 

symmetrybreaking. Thermal fluctuations. Vortex matter. Microscopic theories: Cooper 

instabi-lity. Bethe-Goldstone equation. BCS theory. Nambu formalism and Gor’kov 

equations.Effect of impurities. Fluctuation effects on thermal and transport properties 

of high-Tc superconductors. 

 

Modulo 2 Pairing in nuclei and nuclear matter. Pair correlation for Fermions and Bo-

sons (Gas). Dilute Bose-Einstein condensate and Gross-Pitaevskii equation. Hanbury-

Brown-Twiss Effect. Pairing in materia nucleare e nei nuclei (Seniority and Quasispin 

Model for pairing.) Pairing in isospin-asymmetric matter. Pairing in neutron 

stars.(Path-integral formulation of Quantum mechanics.) 

 

Modulo 3 Pairing fluctuations in the mesoscopic regime. Universal model for interac-

ting electrons in quantum dots and metallic grains. Superconducting fluctuations in the 

canonical ensemble. Bethe Ansatz solutions of the BCS model beyond the mean-field 

approximation. Pairing correlations in the canonical ensemble. The quantum critical 

regime. Generalizations. 
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