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Master internship offer: Symplectic flow maps in plasma physics

In this internship, you will simulate ion-electron interactions using
Vlasov-Poisson equations:

∂tf
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(1)

where the ion and electron distribution functions f i, f e are con-
nected via the electric field:

∂xE = ρe + ρi ρe/i =
∫

f e/i dv . (2)

Proposal-link

To simulate this we use a so-called characteristic mapping method [1] that is a semi-Lagrangian method that
evolves an underlying grid (shown in fig. 1a) in time. This newly developed method allows studying fine-scale
structures of turbulence shown in fig. 1b. However, so far it only addresses single electron dynamics. The task
is to extend [1] to solve eqs. (1) and (2) coupling electrons with ions.

(a) Characteristic Map (b) Zoom into two-stream instability

Figure 1: Visualizing the idea of CMM for the two-stream instability in plasma.

Who? This internship targets physicists in their master’s with an understanding of numerical mathematics
and who are comfortable with programming in Python/Matlab or C++.

Workplan:
The tasks for this project can be divided into the fol-
lowing points:

• Implementation of numerical flow iteration [2] for
eqs. (1) and (2).

• Combination with existing framework [1].
• Simulation of non-linear Landau damping and val-

idation.

Contact Persons:

Philipp Krah: philipp.krah@univ-amu.fr
Zetao Lin: zetao.lin@etu.univ-amu.fr
Peter Donnel: peter.donnel@cea.fr
Kai Schneider: kai.schneider@univ-amu.fr
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