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The aim of this lecture is to present the state of art of the Cauchy
problem for the collisionless kinetic equations such as the Vlasov–
Poisson and Vlasov–Maxwell systems. Collisionless kinetic equations,
which are Hamiltonian systems, appear among others in plasma physics
and astrophysics. In plasma physics, these models describe accurately
the wave-particle interaction which plays a crucial role in turbulent
plasmas such as magnetic fusion plasmas (ITER project). In astro-
physics theses models allow to describe the large scale structure of the
universe such as clusters of galaxies and the dark matter. Here, we
present the theory of weak solutions and classical regular solutions.
Existence theory of classical solutions is based on natural a priori es-
timates like among others the conservation of energy, on the theory of
characteristics and on the control of the velocity support of the dis-
tribution function. Uniqueness follows from regularity properties of
classical solutions. Existence theory of weak solutions relies on a priori
functional estimates and on compactness results such as standard com-
pact embeddings in Sobolev spaces for the Vlasov–Poisson equations,
or averaging lemmas for the Vlasov–Maxwell system. Uniqueness of
weak solutions is a more tricky task and sometimes it is still an open
issue.
Contents:

1) Introduction: theory of characteristics; formal properties of
the Vlasov–Poisson and Vlasov–Maxwell systems; conservation
laws; basic a priori estimates.

2) Weak and classical solutions for the Vlasov–Poisson system.
3) Weak and classical solutions for the Vlasov–Maxwell system.

Mathematical models for physics. Mathematical modelling for cell
mechanics (R. Allena).

Cell mechanics plays a fundamental role in several mechanobiologi-
cal phenomena such as bone remodelling, cancer , embryogenesis and
immune response. During the last decades, biologists have started ex-
ploring the role of mechanics and more specifically of forces, stress and
strains exerted and undergone by the cells on their environment. Dur-
ing this course we will review the basic principles of continuum mechan-
ics in order to be able to address mathematical modelling for several
biological processes such as adhesion, migration, invasion and cell-cell
interactions. Various mathematical approaches based on ODEs, PDEs,
di↵usion-reaction equations or others will be presented in order to high-
light how phenomena happening at di↵erent scales can be modelled and
coupled to account for multiscale aspects. Specific focus will be on sin-
gle and collective cell migration as well as nucleus mechanics.
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• Part I
Fundamental concepts in continuum mechanics.
Solid mechanics.

• Part II
Introduction on cell mechanical properties.
Extra, inter and intracellular mechanisms involved in cell motil-
ity.

• Part III
Di↵erent models of single and collective cell migration: physical,
mathematical and computational approaches.

• Part IV
Nucleus mechanics.

Topics in PDEs. Elliptic PDEs and regularity (I. Moyano).
This course is an introduction to the theory of linear second order

elliptic partial di↵erential equations, which play a fundamental role in
many areas of mathematics including Non-linear PDEs, Calculus of
Variations or Riemannian Geometry.

In this course we aim at providing a rigorous treatment of both clas-
sical and weak solutions to linear elliptic equations (Poisson problem,
divergence operators, etc). The question of existence and uniqueness of
solutions to the Dirichlet problem on several geometric setting (balls,
an more general domains) and its regularity in terms of the data will be
central in the course. Some specific topics in this field are: harmonic
functions, maximum principles, Schauder estimates, Perron’s method
and De Giorgi–Nash–Moser estimates.

Prerequisites (helpful but not essential): Some courses of M1 level
that may be helpful but not essential are “Analyse de Fourier et dis-
tributions”, “Equations aux dérivées partielles et di↵érences finies” ou
“Introduction aux équations aux dérivées partielles,” “Introduction à
l’analyse fonctionnelle.”

Some references: Gilbarg & Trudinger, Evans, Qin & Lin.

Advanced PDEs. Nonlinear Schrödinger equations (S. Rota Nodari).
This course is an introduction to nonlinear Schrödinger equations

(NLS). This kind of equations is relevant from a physical point of
view, in particular because of their applications to nonlinear optics.
Moreover, nonlinear Schrödinger equations also arise in quantum field
theory, and more precisely in the Hartree-Fock theory. From a mathe-
matical point of view, the NLS equation can be seen as a good model of
dispersive equation which is technically simpler than other dispersive
equations as the wave or the Korteweg-de Vries (KdV) equations.


