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Ion acceleration up to multi-MeV energies is a new effect which has been found recently  in experiments on interaction of relativistically intense laser pulses with solid targets. The ion acceleration  by ultra-short laser pulses could  be used for the ICF fast  ignitor with light ions,  short-lived isotope production, radiography, proton radio-therapy, etc.
The model presented in this paper uses a kinetic, collisionless description of the ion dynamics (the Vlasov equation) in a self-consistent electric field driven by a group of fast electrons produced by a laser pulse. The electrons penetrate through the target, exit from its rear surface and create the charge separation field, which is screened inside the target by cold electrons. Both hot and cold electrons are assumed to follow the Boltzmann distributions. The electric field, defined by the Poisson equation, is applied to ions, accelerate them and changes itself according to the ion density profile. Correspondingly we refer to the presented model as the hybrid Boltzmann-Vlasov-Poisson (BVP) model. The ions Vlasov equation in the BVP model is solved by using the PIC (particle-in cell) method, but a simplified treatment of electrons allows a much larger time step without a loss of the dominant physical effects. The Boltzmann approximation corresponds to the description of electrons with the cycle-averaged kinetic energy. That eliminates the electron time scale and physically correctly introduces a simplified recipe for plasma simulations.  PIC simulations [1] are free from  such a  simplification and  constitute a  powerful  tool  for studying of ion acceleration  in

short-laser-pulse interactions with a plasma. However, PIC models are quite demanding and certain physical effects are often hidden by numerical and visualisation problems. The crucial parameter for ion acceleration is found to be the ratio of the foil thickness to the hot electron Debye length. A special attention is paid to characterization of protons accelerated from a thin hydrogenated layer at the target surface. Such targets can also be considered as a model of a contamination layer at the foil surface. In Ref. [2] a double layer target has been proposed to create a narrow energy spectrum of light ions. The evolution of proton spectrum is studied for the cases of isothermal and cooling hot electron distributions. The obtained dependencies of the ion energy on the pulse duration and the target characteristics allow to define the optimal conditions for the ion acceleration with lasers.
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