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Abstract

The aim of this project is to implement in the unified framework of the Selalib library, Semi-
Lagrangian (SL) and Particle in Cell (PIC) methods for solving Vlasov equations for two species
of particles coupled to Poisson/Maxwell equations. These models have multi scale behavior due to
different parameters. Thus, in order to handle the computation of the numerical solutions we deal with
parallelization issues and with an efficient use of SL and/or PIC methods.

Context

Full kinetic simulations for plasma physics involve the Vlasov equation for the ion (resp. electron)
distribution function fi (resp. fe)

∂tfs + v · ∇xfs +
qs
ms

(E + v ∧B) · ∇vfs = 0, s ∈ {e, i}.

These equations are coupled via the electric field E and magnetic field B, through Poisson or Maxwell
equations. In addition there are also external fields.
There are several difficulties when simulating such a model:

1. the dimensionality (the equations are posed in 3D space and 3D velocity in the general case),

2. the geometry: it can be a torus, for example for plasma tokamak simulations

3. the mass ratio me/mi which is very small in realistic cases

4. the strong external magnetic field

5. the coupling between the two Vlasov equations through Maxwell/Poisson equations.

Some of these difficulties lead to multi scale time/space behavior of the solution. Such numerical
models are often time-hungry and we then need large amount of computational time that are typically
provided by advanced computational facilities. This is thus a challenging multi-disciplinary problem
between mathematics, computer science and physics.

Objectives

In this project, we plan to address issues 3,4,5 and partly 1, by considering the 2D × 2D case in
cartesian geometry. The final aim of the CEMRACS project is to implement efficient numerical schemes
for solving test cases in the spirit of the one proposed in [4], which fits well in this framework. The model
has the advantage of being "only" 2D×2D which is more tractable than 2D×3D or even 3D×3D models.
In the case of Kelvin Helmholtz instabilities, we will be able to compare fluid and kinetic simulations
and possibly distinguish the kinetic effects. Concerning the numerical schemes, we have at hand, Semi-
Lagrangian (SL) and Particle in Cell (PIC) solvers in the Selalib library [2]; we plan to use them for this
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problem and to compare their efficiency. One originality of the approach would be also to be able to use
them together, as for instance PIC for electrons and SL for ions. In such a study, we may have to deal
with denoising technics, so that the semi-Lagrangian scheme will not be too affected by the noise induced
by the PIC scheme.

We design here some intermediate steps in order to achieve this challenging problem.

• In the framework of a Landau damping test case, comparison of SL and PIC methods in terms of
accuracy and efficiency, for one species Vlasov-Poisson simulation

• Comparison between guiding center approximation and full Vlasov model with strong magnetic
field, for both methods, again in the one species case

• Design of the two species algorithm in the Vlasov-Poisson case

• Identification of the limit model according to [1]

• Implementation and validation of the two species Vlasov-Poisson code, via comparison to the limit
model

• Design of the one species algorithm in the Vlasov-Maxwell case

• Implementation and validation of the one species Vlasov-Maxwell code through the results in [3]

• Design of the two species algorithm in the Vlasov-Maxwell case

• Implementation and validation of the two species Vlasov-Maxwell code through the results in [4]
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