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Particle-In-Cell simulations for plasma acceleration: beam quality preservation and 
tolerances

To accelerate particles to high energies, electric fields of the order of 10-50 MV.m−1 are being 
used in conventional accelerators based on radio-frequency (RF) technology. The field is limited 
by the breakdown of the metallic RF cavity that contains the electromagnetic field. In contrast, a 
plasma is an ionized medium and is therefore already broken down, with ions and free electrons. 
Experiments have demonstrated that plasmas can be used to sustain extremely high fields, greater 
than 100 GV.m−1 [1], which is more than three orders of magnitude greater than the fields 
achievable by RF technology. Plasma accelerators therefore hold out the promise of more compact 
and more affordable particle accelerators. They are increasingly considered as a mean to push the 
energy frontier of particle physics even higher.

One strategy being studied in the research field of plasma accelerators consists in using a particle 
beam (typically made of electrons or positrons), « the driver », to excite a high-amplitude plasma 
wave [2], that can then be used to accelerate the main particule beam [3]. One of the key 
advantages of this strategy is the good energy efficiency [3], which makes it more appropriate for 
high energy physics applications, where energy efficiency is critical.

During the internship, the student will work at LOA to develop and implement a numerical 
Particle-In-Cell code that can simulate and model the interaction between the drive particle beam 
and the plasma. The work will aim at addressing one the remaining great challenges for the field 
of plasma acceleration: the preservation of the beam quality during acceleration, and the various 
tolerances to achieve beam quality preservation. More specifically, the study will focus on the 
acceleration of positrons, that has been recently observed in experiments [4].

The goal of the internship will be:
• To understand the basics of beam-plasma acceleration.
• To understand numerical methods used to solve the Maxwell-Vlasov equation system.
• To learn to adapt, compile and use a 3D Particle-in-Cell  electromagnetic code in a massively 
parallel environment.
• To apply the code to the study of an open research problem.

The internship can be continued by a PhD thesis at LOA in co-direction by Agustin Lifschitz and 
Sebastien Corde.
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