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Cross beam energy transfer (CBET), Raman and Brillouin scatterings are wave coupling phenomena that 

commonly develops in inertial confinement fusion experiments.  A common feature of these mechanisms is the 

transfer of electromagnetic energy from a given monochromatic wave to another wave having its own direction 

and frequency, hence leading to an erratic laser energy deposition. To date, radiative magneto-hydrodynamic 

codes constitute exclusive tools to describe the physics of inertial confinement fusion experiments, wherein the 

propagation of electromagnetic waves is addressed by a simple ray tracing algorithm. Although some 

algorithms have been developed to include CBET in the ray tracing method, no general solution exists to 

describe Raman and Brillouin scatterings. In particular, it is difficult to self-consistently find the unstable mode 

prone to pump energy from the laser beam in inhomogeneous plasma. 

Recently [1], we have developed a Monte-Carlo (MC) method to describe the laser beam propagation including 

energy deposition, as well as the aforementioned wave couplings. A method of ray creation/annihilation is used 

to simulate the energy transfer occurring between two monochromatic waves. A fixed point iteration method is 

used to find the stationary solution of all wave couplings occurring in the plasma. In inhomogeneous plasma, 

the MC algorithm is able to find the correct side scattering angle of the Brillouin and Raman modes. In 

particular, the correct refraction of the Raman scattered beam is achieved, hence leading to substantially 

different amplification lengths. The numerical results are validated in simple plasma configurations against other 

kinds of solvers, and also successfully compared to Particle-In-Cell (PIC) solutions in the specific case of CBET. 

[1] Debayle A. et al., Phys. Plasmas 26, 092705 (2019)  (Editor's Pick) 
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