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Course description

The quantum many-body problem represents one of the biggest scientific challenges of modern
science, due to the exponential growth of the complexity of quantum systems with their size. This
course aims at introducing some of the most successful methods for the numerical simulation of
quantum many-body systems -- from condensed matter and statistical physics to quantum
chemistry.

Tentative course plan

1) Introduction to the quantum many-body problem (second quantization, equilibrium and non-
equilibrium physics) and its complexity (2h);

2) Exact diagonalization, Krylov space and Lanczos method (2h);

3) Variational approaches; the Monte Carlo method, and variational Monte Carlo for physics and
chemistry (4h);

4) Improving on the variational approach: diffusion Monte Carlo, fixed-node approximation for
strongly interacting fermions (4h);

5) Density-matrix approaches and tensor-network Anséatze for lattice quantum systems and
beyond (4h);

6) Path-integral Monte Carlo methods for systems in continuous space: applications to quantum
fluids and solids (4h);

7) Quantum Monte Carlo methods for systems on lattice: applications to condensed matter,
statistical physics, etc. (4h).

The exam will be based on a report (written or oral) of either a work in the recent literature, or of
an original coding project chosen by the students (either as individuals, or in two-student teams).

TD sessions

The TD sessions will be hands-on sessions, in which you will be required to write a little computer
code - either alone or in a duo (binbme) - to solve a problem in quantum mechanics. You should
bring with you your laptop (or have one shared with your duo partner) and choose a programming
platform of your choice (Python, Matlab, Mathematica, Fortran, C, etc.), which is operational on
your laptop — namely, you should make sure that you have installed the software that you need,
e.g. a C/Fortran compiler or a working Python distribution.

Requirements

Introductory quantum mechanics and statistical physics; an introductory class in informatics (ex.
Outils numériques (L3)); a minimal familiarity with computer coding (either Python, Matlab,
Mathematica, Fortran, C, etc.).

Exam mode
The exam will be based on a report (written or oral) of either a work in the recent literature, or of
an original coding project chosen by the students (either as individuals, or in two-student teams).
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