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The sub-relativistic laser beam interaction (Iλ 2 ' 1016 W/cm2×µm2) with an underdense

plasma is investigated via two- and three-dimensional Particle-in-cell simulations. The interac-

tion is governed by parametric instabilities and it is analysed with respect to the propagation

direction of the daughter waves in the simulation plane compared with the laser field polariza-

tion and laser propagation direction.

In the plane containing the laser electric field the interaction is dominated by the two-plasmon

decay instability. Beating of large amplitude electron plasma waves produces periodic ion den-

sity perturbations leading to suppression of stimulated Raman scattering (SRS) in the quarter

critical density zone. At the initial stage of interaction, SRS is found to be the dominant mech-

anism producing short intense bursts of backscattered light in the plane perpendicular to laser

polarization. The bursts are eventually suppressed because of formation of density cavities,

which trap the electromagnetic waves propagating in forward and backward directions. The fil-

amentation instability starts to be important in the later stage of interaction and the absorption

and hot electron generation takes place mostly in the deep density filaments. A dedicated three-

dimensional simulation indicates that a 2D simulation with p-polarization produces a more

reliable results as far as laser absorption is concerned.
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