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Significant progress has been made in recent years using laser-produced plasmas as a medium for accelerating electrons to energies ~1GeV [1]. The main electron acceleration mechanism from gas targets is the plasma wake-field acceleration. It takes place in resonant conditions where longitudinal size of the laser pulse matches the plasma wavelength. It is also possible to excite plasma waves even by longer laser pulses in the self-modulated wake-field.  However, the results of recent particle-in-cell (PIC) simulations of intense ps laser pulse interaction with underdense plasma in non-resonant conditions and in suppression of self-modulated wake-field have demonstrated high energy electron generation [2].  The simulations  are relevant to experiments on the SOKOL-P laser with energy E ≈ 10-20 J pulse duration τ ~ 0.7-1 ps and spot size d~5-10mkm which is operated at RFNC-VNIITF [3].

To explain results of 1D and 2D PIC simulations, where a fast heating of electrons up to energies ~ 300 МэВ was observed, we have considered assumption about stochastic character of electron acceleration [4].  Two possible mechanisms were considered. First mechanism is the direct electron acceleration in combined regular fields consisting of coherent laser wave and laser-driven longitudinal plasma wave inside the laser pulse. Electron dynamics in the presence of both the laser field and laser-driven plasma wave becomes chaotic for amplitude of wake-field exceeding a threshold value. Our analysis demonstrated that characteristic acceleration time depends weakly on initial electron momentum and much longer than duration of laser pulse. 
The analysis of PIC simulation results witnesses that plasma waves are incoherent and stochastic. That is why, as second possible mechanism, we studied electron acceleration in stochastic fields. It was described with the help of test particle approximation and an approximate diffusion equation. Spectrum of plasma waves was taken from PIC simulation. These two approaches gave similar results and allowed to describe the time evolution of electron distribution incoherent wake-fields. In contrast to first mechanism, the characteristic electron energies and characteristic acceleration time (~2 ps) are in better agreement with results of PIC simulation.
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