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Quantum fluid models derived from entropy principles

In this series of lectures, our focus is towards large quantum particle systems
interacting with a dissipative environment.

Most works concerning large quantum particle systems deal with isolated sys-
tems. In this framework, many techniques have been developed based on the ab-
initio resolution of the many-particle Schrodinger equation (ab-initio = without any
simplifying hypotheses). For very large particle systems where ab initio techniques
are too expensive, some approximations such as the Hartree-Fock or density func-
tional theories have been developed.

However, in most cases, these techniques are unable to take into account the
interactions with the environment (e.g. the solvant for a molecule, the crystal lattice
for the electrons in a semiconductor nanodevice). Indeed, the very large number of
variables needed to describe the environment, and the scarce knowledge of the state
of the environment variables lead to the breakdown of ab-initio techniques.

In this series of lectures, we shall propose a new methodology which allows
to describe quantum particle systems interacting with a dissipative environment.
The methodology is based on the extension to the quantum setting of Levermore’s
moment hierarchies (which is related to the theory of extended thermodynamics
used in continuum physics).

It consists in tracking a reduced number of physical observables (such as mass,
momentum and energy like in classical hydrodynamics) and finding the relations of
the other observables to these basic ones by using a generalized local thermodynam-
ical equilibrium (LTE) defined as a constrained entropy minimizer. In the quantum
setting, the LTE depends in a non-local way of the basic observables, which makes
this quantum hydrodynamic closure nonlocal. Despite this complexity, we shall show
that the so-obtained models can be practically effective.


