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Vacuum electron acceleration by radially polarized laser pulses 
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Advances in laser technologies have made it possible to generate multiterawatt and even petawatt subpicosecond lasers pulses, which can be used to investigate the interaction of relativistic tightly focused pulses of light with plasmas [1]. In such conditions the laser-plasma interaction depends on the topology of the laser field in the focus. This is especially the case for interaction between the pulse and ultra-thin foils having the characteristic size essentially smaller than the laser wavelength. An example of such interaction is vacuum acceleration of electrons by laser pulses. It happens when the influence of the electromagnetic field onto the entire medium or the responses of medium are vanishing and can be neglected in calculations. This allows to consider interaction between the laser and charged test particles. This problem was recently solved for the case of linearly polarized electromagnetic field [2,3].  However, the case of radial polarization of laser pulse is presently of much interest, for which in contrast to the case of linear polarization longitudinal component of electric field is dominated. Experiments have shown that radially polarized laser light may be focused to a spot size that is significantly smaller than that of linearly polarized light [4]. This property of the radially polarized pulses can be used for increasing the maximum intensity in the focus.

In our work, interaction of a tightly focused relativistic short radially polarized laser pulse with charged particles is studied by using the test particle approach. The investigation addresses the regime where the focal spot size may be comparable to the laser wavelength. For the investigation of the vacuum electron acceleration Stratton-Chu integrals and angular spectral method have been used.  The mapping of near focal positions of the particles to energy space allows for the study of important features of particle vacuum acceleration by a tightly focused radiallly polarized laser pulse and to choose optimal parameters for acceleration.  Directional properties of the accelerated particles have been analyzed.  The comparison of accelerated particles characteristics with the case of linear polarization has been made. We discussed also the advantages of using laser pulses with radial polarization. 
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