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The main electron acceleration mechanism from gas targets originates from laser-driven plasma oscillations (wakefield), wave-breaking injection of electrons into the accelerating field of plasma wave, and subsequent electron trapping and acceleration. Wakefield can be effectively generated when longitudinal size of the laser pulse matches the plasma wavelength. It is possible to excite plasma waves even by longer laser pulses in the self-modulated wake-field, where a single long laser pulse breaks into a train of short pulses due to simultaneous action of the self-modulation instability and Roman forward scattering. There is also another regime, where laser pulse undergoes significant front self-steepening due to evolution in underdense plasma, resulting in wake generation [1].  As a result, plasma electrons move in two fields – in electromagnetic field of laser pulse and plasma electric field. In such field structure stochastic electron heating is possible [2-3]. 

In this paper we have studied test electron motion in EM field of two waves, first of which is a laser transverse wave and the second one is laser-driven longitudinal plasma wave. Dynamics of electrons was studied using an analytical approach and numerical simulation. Analytical solution and semi-analytical solutions, describing test electron dynamics in underdense plasma, were obtained, assuming that the waves propagate with the same phase and group velocities or difference between these velocities are small. A numerical analysis of test particle trajectories was fulfilled with the Boris algorithm. Stability of electron dynamics was analyzed with the help of Lyapunov exponents. Upon calculating Lyapunov exponents, we found the conditions for which electron dynamics becomes chaotic. The dependence of wakefield amplitude threshold at which transition to stochastic regime begins on laser pulse parameters was also obtained. It is found that electron energy can be much higher that maximum value, which corresponds to a test particle motion in a laser wave – the main source of energy.
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