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Title: Developing miniature beam-driven plasma accelerators powered by laseraccelerated electrons
PhD goals:
As we push the frontier of particle physics to higher particle energies, conventional accelerator techniques are
attaining their limits and new concepts are emerging. The use of an ionized gas —or plasma— circumvents the most
significant barrier of conventional techniques by increasing the energy gained per unit length by several orders of
magnitude. One class of plasma accelerators, relevant for high energy physics applications, consists in using a
particle beam, « the driver », to excite a plasma wave, that is then used to accelerate the main particle beam.
Research in this field requires large facilities, due to stringent conditions on the driver.
The goal of the PhD will be to demonstrate that one can power a beam-driven plasma accelerator with laseraccelerated electron beams based on 100-TW-class laser systems, so as to miniaturize the so-called “beam-driven
plasma accelerators”. The PhD project will be at the interface between the fields of research of laser acceleration and
of beam-driven plasma acceleration. Using these miniature plasma accelerators, the project will aim at addressing
some key challenges for the field of plasma acceleration, in particular the generation and preservation of the excellent
beam quality required for high-energy colliders and next-generation light sources and the study of accelerator
schemes that are relevant for the acceleration of the antimatter counterpart of the electron, the positron.
The PhD will be part of a recently obtained ERC project (Starting Grant from the European Research Council). In
addition to the usual financial support for the PhD from the graduate school, the student will have a complementary
salary funded by the ERC grant.
Internship goals:
Ideally, the PhD will start by a Master internship. During the internship, the student will work at LOA on the preparation
and realization of an experiment aiming at a proof-of-principle demonstration of a beam-driven plasma accelerator
powered by laser-accelerated electrons. In particular, the goal will be to be able to take optical snapshot of the plasma
wave driven by the laser-accelerated electron beams, as well as to perform Faraday measurement of the magnetic
field of the plasma wave and of the electron beam.

Scientific context:
Nowadays, particle accelerators based on radio-frequency (RF) technology are being used in a very broad range of
applications, from free-electron lasers or medicine to particle colliders for high-energy physics. The electric field of
these accelerators is however limited to 100 MV/m because of the breakdown of the metallic RF cavity that contains
the electromagnetic field. As we push the frontier of particle physics to higher particle energies, conventional RF
accelerator techniques are attaining their limit, and the prospect for next-generation machines, beyond the Large
Hadron Collider (LHC) at CERN, is hindered by the prohibitive size and cost of such machines. New concepts are
therefore emerging to circumvent this barrier. The use of an ionized gas –or plasma– is one such concept, where the
already broken-down medium can sustain electric fields that are several orders of magnitude larger than the RF limit.
These plasma accelerators are holding 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.
Two different strategies are being studied in the research field of plasma accelerators. They differ in the way the
electric fields are established in the plasma. In the first one, a short-

