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The  development  of  multi-petawatt  laser  facilities  such  as  ELI  or  APOLLON,
delivering up to 10 PW in the femtosecond regime will enable to reach on-target intensities
close to 1023 W/cm2. This opens a novel regime of relativistic laser-matter interaction ruled
by both collective and quantum electrodynamics (QED) effects. Among the latter, high-
energy  photon  emission  and  electron-positron  pair  production  have  attracted  a  lot  of
attention. 

High-energy radiation emission is expected to strongly influence the dynamics of
charged particles and, as a result, the overall energy balance of laser-plasma interaction
for intensities of the order and beyond 1021 W/cm2. When QED effects are negligible (so-
called classical regime), radiation back reaction can be treated as a continuous friction
force acting on the particles, as proposed e.g. by Landau and Lifshitz [1]. In the quantum
regime, photons with energies of the order of the emitting electrons can be produced. This
cannot be treated using the continuous friction force picture, and simulation tools usually
treat  this  process  using  a  Monte-Carlo  description  of  discrete  high-energy  photon
emission. 

In  this work,  we focus on the intermediate regime where the energy of emitted
photons remains  small  with  respect  to  that  of  the emitting  electron,  but  for  which the
stochastic nature of photon emission cannot be neglected [2]. In this regime, the electron
dynamics  is  described  by  a  stochastic  differential  equation  that  contains  a  first,
deterministic (so-called drift)  term describing the radiation-reaction force, and a second
stochastic  (so-called  diffusion)  term  accounting  for  the  stochastic  nature  of  quantum
radiation emission.

We will show that this approach allows for a good description of both the electron
dynamics and spectrum of emitted light.  Beyond the theoretical insights offered by the
developed model, this new approach is also particularly interesting for PIC simulations.
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