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Analytic theory of laser-triggered ion acceleration from expanding thin plasma target by using BVP model
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Laser-triggered ion acceleration from ultra thin foils of a single species ion composition is studied analytically. We consider intermediate electron temperatures T: above ones for quasineutral expansion [1] but below than for Coulomb explosion [2]. For the case of one-dimensional electron-ion plasma expansion we use Boltzmann-Vlasov-Poisson (BVP) model [3]. With ion density distribution supposed to be initially homogeneous the analytical solution for expanding foil is derived which smoothly converges to Coulomb explosion solution (T→(). We checked an accuracy of our analytic approximation and quantitatively derived its validity conditions by comparison with direct numerical BVP simulations. As a result, ion spectral characteristics have been found at the given detector. Moreover, we obtained a scaling for maximum ion energy as a function of electron temperature for wide range of T: from that for near quasineutral expansion regime (T→0) that for Coulomb explosion limit (T→().
By using space-time distribution of the electrostatic field of expanding foil we give solution to the problem of acceleration of light impurity ions which are added to the target. The spectrum of such ions is quasimonoenergetic. We consider the cases of homogeneously distributed light ions and layered ones within a target or near its surface. Optimization of light ion distribution beam in a target for production of the best quality light ion beam is discussed.
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