
Master project:
AI in Plasmasimulations

This internship addresses the simulation of plasma systems us-
ing techniques of physics informed neural networks (PINN) and
geometric flows. For the intership, you will implement a semi-
Lagrangian PINN [1] for the Vlasov Poisson equation:

∂tf + v∂xf + q

m
E∂vf = 0 , ∂xE = 1 −

∫
f dv . (1)

In a first step you will implement the approach using the pytorch
software framework SCIMBA [2, 1]. And in the second step, apply
this same methodology to the characteristic map.

[ Image courtesy of EUROfusion]

The characteristic mapping method [3] 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.

(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 or engineering science students in their master’s with a background
in AI and who are comfortable with programming in Python.

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

• Reproduction of the results in [1]
• Combination with existing framework [3].
• Simulation of non-linear Landau damping and val-

idation.

Contact Person:

Philipp Krah: philipp.krah@cea.fr
Kevin Obrejan: kevin.obrejan@cea.fr
Kai Schneider: kai.schneider@univ-amu.fr
Olivier Laffite lafitte@math.univ-paris13.fr
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