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Program of the course:  

Review of Green's functions. Differences with equilibrium Green’s functions, Keldysh contour. Advanced, 

retarded, Keldysh components of the Green’s function. Kinetic equation formulation. Langreth rules. 

Keldysh action formulation and path integral formalism. Equivalence of the two approaches. Examples: 

polarization bubble for electrons. 

Perturbation theory in the Keldysh formalism. Feynman diagrams, self-energy, Dyson equation. Application 

to case studies (electron-phonon interaction). 

Quantum kinetic equation, recovery of the Boltzmann kinetic equation. 

Optional topics (depending on timeframe). Application of Keldysh Green’s functions: non-equilibrium 

superconductors, disordered conductors. Gauged quantum kinetic equation, simple cases. Derivation of the 

Caldeira-Leggett equation. Keldysh formulation of the Lindblad equation. 
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