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Controlled electron injection into the breaking wake wave via plasma density gradient 
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The laser wakefield accelerator (LWFA) [1] concept is one of the most promising approaches for compact higher-energy electron sources. In the conventional LWFA scheme the properly injected electrons are accelerated by strong wake plasma wave excited by a short relativistic laser pulse. A production of high quality electron beams requires the electron injection into the acceleration phase of the wake field, which can be achieved ether by standard external electron injection or by self-injection due to longitudinal or transverse wake wave breaking. To control electron self-injection in the wake field it was also proposed to use plasma inhomogeneity along propagation direction of the laser pulse. Substantial contribution to improvement of the LWFA scheme could be made with controlled electron injection into the breaking wake wave. Here we associate this with electron self-injection in the wake wave due to the tailored plasma density profile as proposed in Refs. [2,3]. In this scheme two main mechanisms are responsible for the electron injection. There are wave breaking due to gradually decreasing of the wake wave phase velocity at the smooth density gradient [2] and wave breaking due to the phase mixing at the plasma density discontinuity [3]. In this report on the base of 2D PIC simulation we present trapping condition analysis for electrons injected due to wake wave breaking at the density inhomogeneity. We show that wave breaking at the sharp density gradient not necessary results in electron trapping. The optimal conditions for the acceleration of electrons injected at a descending plasma density region have been found that demonstrates good quality of the electron beam produced at the optimal density gradient and accelerated behind it in the homogeneous plasma. Space-temporal, angular and energy characteristics of the accelerated electron bunch are presented.
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