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The nonlinear three-wave interaction is an interesting topic having various applications in
nonlinear optics, hydrodynamics, acoustic waves, and plasma physics. The resonant interaction
between two laser pulses and a plasma wave plays important roles in plasma heating, laser
reflection in the inertial confinement fusion (ICF), plasma wakefield generation, and ultra-intense
laser pulse amplificationm and pulse compressionm using stimulated Raman backscattering (RBS). In
this study we describe the evolution of three-wave resonant interaction in time and one spatial
dimension between two counter-propagating laser pulses and an electron plasma wave, and

investigate nonlinear behaviors of them. The governing equation can be derived from the relativistic

equation of motion and Maxwell’s equation with resonant condition wo—®,=w, and k;=Fkotk,

as
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Here, w, k, and v, are the angular frequency, the wave number, and the group velocity of
the pump (s=0) and the seed (s=1) pulses respectively, and a,= eA ;/mc is the normalized vector
potential. f= eE ,/mcw, is the normalized longitudinal electric field, K=ck/ 4, and I is the
damping rate caused by landau damping and electron collisions. The |A % term reflects the effect of
relativistic mismatch, which is minor for the cases studied here. In this study, we assumed v, and

I' are zero and neglected the relativistic detuning term.
Spatiotemporal intermittency and transition to turbulence in this system were investigated for a
strong long pulse(s), but not for a short seed pulse. Usually, the seed pulse gains energy from the

pump by stimulated RBS and is amplified to generate strong nonlinear behaviors. Figure 1 shows

the spatiotemporal evolution of the pump pulses for different @, when the pump pulse is equal or

larger than the seed pulse (@¢=a;). When ay=0.01 it shows regular motion, but oscillating
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solitions and self-organized patterns are shown for ¢;=0.03 and a¢=0.05. The pattern formation

hi; a strong relation with the ratio of the nonlinear bounce frequency, w p=2w (aqa,) 2 to the
piesma frequency. As wp increases, the nonlinear term becomes dominant and self-organized
pirterns occur in the plasma wave and the transmitted pump. For the case of a strong seed
(¢1>ay), a different tendency in pattern formation is observed as shown in Fig. 2. The

self-modulation of the seed pulse is regular when the pump amplitude is very small, but it shows
stcchastic behaviors as the pump amplitude increases because of more effective seed amplification.
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FIG 1. Spatiotemporal evolution of the pump pulses for various ag ,/wy=0.1, a,=0.01, and

the pulse duration 7;=0.2 ps are fixed. The pump propagates to the left, and the seed to the right.
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“IG 2. Spatiotemporal evolution of the pump for various a, with a larger seed, «;=0.1.

w,'wy=0.03, and r;=0.2 ps. The pump propagates to the left, and the seed to the right.
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