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Direct electron acceleration by tightly focused femtosecond laser pulse
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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. Recently a focal spot size has been brought to a laser wavelength in the order of magnitude [1,2]. In such conditions the laser-plasma interaction is defined by topology of a laser field in a focus, especially this is a case of ultra-thin foils with the characteristic size essentially smaller than a laser wavelength. So-called “vacuum acceleration” of electron [3] can serve as example of such situation. Up to now this problem has being solved for a case when the electromagnetic field is described by paraxial approximation for a laser beam [4]. However, for the " JETI" laser facility [1] a radius of a spot is less than 2 λ and for the  "Hercules " laser facility [2] it is approximately λ /2, where λ is the laser wavelength. For such tight focusing a paraxial approximation is invalid.

In this work we have studied “vacuum acceleration” of electron when laser radiation is focused in a focal spot with diameter ≈λ. We solved an electron test problem by using relativistic Lorentz equations. For electromagnetic fields of a laser pulse we have used an exact solution to the Maxwell equations. It has been considered laser pulse with symmetric in time shape assuming long enough laser pulse, with a length greater than a diameter of focal spot [3]. It has been shown that despite of high cumulation of laser energy, electrons from focal region are not effectively accelerated. Energy of the accelerated particles is much below of the characteristic energy estimated from the theory of quasi-plane electromagnetic wave. Moreover the ejection angles of the electrons are significant, that corresponds to quasi-isotropic electron angular distribution. As a result, one may conclude that extremely focused laser pulse is not appropriate for effective electron acceleration.

One way of increasing of electron acceleration efficiency is to use highly charged ions as a source of electrons for laser acceleration [5]. In this case the electrons begin to gain energy from the central most intensive part of a pulse rather than from a pulse front. Our calculations show that ejection energy of electrons in this case is approximately 5 times more than for acceleration of initially free electrons. 
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