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We have found some parameters of magnetic fields generated in laser plasma – the amplitude of the magnetic field, its lifetime, and the increment. It was shown that the lifetime of magnetic fields does not depend on the laser pulse duration and it can be much larger than the latter. The pressure of magnetic fields can exceed the kinetic pressure of plasma that produces the pinch-effect. The criterion for development of the pinch-effect in laser plasmas has been determined; we obtain also the estimate for the temperature under realization of the pinch-effect.

The spatial structure of the electron vortexes and related magnetic fields produced in laser plasmas has been investigated. Qualitative similarity of potential vortexes in classical hydrodynamics with the electron vortex structures occurs. It was shown that the vortex structure of the magnetic field provides magnetization of quasi-neutral beams of charged particles, and hence, their high narrow direction.

Mechanisms of acceleration of charged particles have been investigated which are related with the above considered structure of the quasi-stationary electromagnetic fields generated in laser plasmas.  The betatron and cyclotron resonance acceleration mechanisms of electron acceleration have been investigated. It was found that the particle drift presents an effective mechanism for production of high-energy charged particles. The model for the generation of high-energy ion (proton) beams with very small divergence angles has been suggested and investigated [1-3].

Super-intense intensity of laser radiation and its ultra-short duration result in effective collisionless mechanism of direct transfer of momentum and angular momentum from electromagnetic radiation to charged particles – electrons and atomic ions.  The plasma evolution contains strongly pronounced two stages. During the first stage the toroidal electron structure is produced on the depth of anomaly skin-layer. This is potential vortex determining spatial structure of electromagnetic quasi-stationary fields generated in laser plasmas. The requirement of relativistic invariance results in drift of these fields and electrons with the same velocity. Their collisionless motion occurs due to transfer of momentum of electromagnetic field produced in plasma. Ions and electrons together form quasi-neutral toroidal structure – magnetized plasma which moves with constant velocity as the whole. This velocity is equal to velocity of the electric drift.  The drift velocity can increase significantly under condition of development of pinch-effect up to relativistic values. Respectively, not only electron velocity, but also the velocity of heavy positively charged atomic ions can increase up to relativistic values.
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