
Advanced quantum mechanics

Alice Sinatra (lectures), David Papoular (tutorials)

M2 ICFP 2018-2019

The aim of the course is to present in depth the basic theoretical tools
in quantum mechanics with a focus on degenerate N-body systems and open
systems. The concepts discussed in the course will be illustrated in the tutori-
als by significant physical applications, often inspired by the current research
especially in the field of cold atoms. The course is divided into three parts:
a first part on the second quantization formalism, which includes the diag-
onalization of quadratic Hamiltonians and its application to the Bogoliubov
theory for bosons and the BCS theory for fermions. A second part on ap-
proximation methods including the resolvent, the projectors method and the
formal theory of scattering. A third part on open systems, with the Master
equation and the Monte Carlo wave functions approach.

1. Second quantization formalism an applications

(a) Indistinguishable particles

(b) Second quantization formalism

(c) Wick theorem

(d) Bogoliubov method for bosons

(e) BCS theory, Anderson’s RPA approximation and excitation spec-
trum for fermions

2. The resolvent and applications

(a) Perturbative calculation of the evolution operator

(b) The resolvent of the hamiltonien

(c) Projectors method

(d) Formal scattering theory
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(e) Phase dynamics of a BEC (bosons or paired fermions)

3. Master Equation

(a) Derivation in the Born-Markov approximation

(b) Comparaison with PGP formalism

(c) Lindblad form

(d) Monte Carlo wavefunctions
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