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For the last several years significant progress in a laser based particle accelerator has been achieved. Unlike of conventional RF accelerators high-energy particle beams of ultra-short duration and micron size can be generated from laser-matter interaction. The protons beams with energy of several MeV, duration of the order of picoseconds and transversal size of several microns as well as highly collimated ultra short electron beams with energy up to 1 GeV have been demonstrated in the experiments. Therefore, laser trigged particle beams have a great potential for applications in physics, engineering and medicine.

In this work on the base of 3D PIC simulations we studied optimization of a target design and laser parameters for increasing of efficiency of laser-beam energy conversion and achieving of high quality of generated particles beam (highest energy, low energy spread and good collimation). The main attention is paid to generation of proton beams suitable for proton therapy of oncological diseases. It has been shown that interaction of short intense laser pulses with targets (including micro-structured targets) consisted of several ion species results in monoenergetic proton beam production. We have demonstrated that using of mass limited target irradiated by circularly polarized laser pulse with spatially uniform intensity distribution over focal spot leads to increase of particle acceleration efficiency.

Recently the possibility of particle energy increase by utilization of gas target has been demonstrated experimentally [1]. We performed PIC simulation of ion and electron production from under-dense gas jets to create relievable ion sources. This can be achieved by proper matching of laser pulse intensity, pulse duration, focal spot size and gas density.

We also performed simulation of electron acceleration from the preformed micro-plasmas at liquid metal surface irradiated by short laser pulse of modern intensity. The results of simulation are in qualitative agreement with experimental data.
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