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ION ACCELERATION DURING EXPANSION OF MULTISPECIES PLASMA FROM THE HIBRID BOLTZMANN-VLASOV-POISSON MODEL
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Development in laser technology have enabled high power lasers to produce multi-terrawatt femtosecond pulses that allow the examination of the fundamental physics of ion acceleration at multi-MeV energies. At focal intensities of I>1018 W/cm2, high-intensity laser triggered ion acceleration results in the formation of a multi-MeV beam propagating in the forward direction [1].

It has long been understood that fast ion generation in a laser produced plasma is connected with hot electrons. The commonly recognized effect responsible for acceleration is charge separation in a plasma due to high-energy electrons driven by a laser inside the target. Theoretically, the problem of ion acceleration in laser-solid experiments has been first described in terms of quasineutral plasma expansion in vacuum. However, in the subpicosecond regime, the inertia of ions is important and the assumption of quasineutrality  must be abandoned.

We report on a kinetic collisionless description of the ion dynamics from the Vlasov equation in a self-consistent electric field driven by a group of hot electrons (h) produced by a short laser pulse. Hot electrons penetrate through the foil target, expel 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. Such approximation corresponds to the description of electrons with the cycle-averaged kinetic energy. The electric field which satisfies to the Poisson equation, is applied to ions, accelerates them and changes itself according to the density profile of accelerated ions. We refer to the presented model as the hybrid Boltzmann-Vlasov-Poisson (BVP) model [2].

Spatial and energy ion distributions are found for different charge states, that demonstrates an efficiency of using BVP model for laser target with many ion species including a proton contamination on the rear side of the target. The dependence of the ion species energy spectra on partial concentrations is discussed. Effect of the laser pulse tailoring on ion acceleration is investigated. We also studied the effect of heating of cold electron bulk on generation of fast ions. It has been quantified how the cold electron pressure increase maximizes the ion energy.
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