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General Context:
Systems with many degrees of freedom interacting through a long range potential display non trivial collective
properties. These can be associated to the fact that in the limit of large size, these systems are collectively well
described by a Vlasov equation, and so called quasi-stationary states[1]. One consequence of this phenomenon is that
one can attempt to understand the global dynamics from a low dimensional Hamiltonian system describing some
“passive” particles moving in a self-consistent field, which can for instance explain phenomena of self-regularization
the microscopic dynamics observed for some systems, or the formation of crystal like structures[2–5].
One natural setting where the Vlasov equation emerges is in hot collisionless plasmas, which are at the heart of the
physics of magnetic confinement fusion. Moreover in the last few years, the impact of low dimensional chaos in the
motion of charged particles in ideal plasma configurations has been shown to be able to destroy quasi-invariants in
some regions of the phase space. Most notably the existence of an adiabatic constant, namely the magnetic moment
µ, which is at the heart of the gyrokinetic reduction [6] appeared to be questionable in these regions. And when µ
does exist, it was shown not to necessarily imply the integrability of the dynamics, even in axisymmetric magnetic
fields [7, 8].
Recently some exact stationary self-consistent solutions of the Maxwell-Vlasov equations have been computed [9–
11]. The stability of these exact solutions as well as the physical implications of predicted density profiles with respect
to the existence of homoclinic orbits (unstable points) have not yet been studied and could provide interesting new
perspectives in the understanding of global plasma dynamics, especially for the formation of internal or external
transport barriers and how to trigger/control them from an experimental view point. This is a topic of current great
interest for fusion as the onset and sustainment of a stable external transport barrier is the baseline operational
scenario for ITER. The internship work will focus on studying out-of-equilibrium statistical and dynamical properties
of systems with long-range interactions with the goal to transpose the findings in the plasma context.
Scientific Environment: This internship work will be part of a long standing collaboration with the IRFM of the
CEA Cadarache within the French national research federation of magnetic confinement fusion (FR-FCM).
This internship is eventually meant to be continued during a PhD.
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