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Present development of laser technologies opens the new prospects to investigate the interaction of ultrashort ultraintense laser pulses with matter. Recent papers on this problem point out a number of unique features of such interaction – solid dense object of submicron size could be instantly ionized by impact of pulse of 1020÷22 W/cm2 intensity, and all free electrons could be removed by heating them to high temperatures. After the end of laser-matter interaction system could be described by the simple model of initially motionless ions of different species and hot electrons spatially distributed in the spatial domain of the size of their Debye length. Such a system may develop due to electrostatic acceleration in regimes from quasineutral expansion to Coulomb explosion depending on electron energy. Spectrum may vary due to shape, compound of target or acceleration regime.

The situation when target consist of few different ion species, for example, two – light and heavy ions, is of a special interest. The relative expansion rate is defined by ion masses and charges. Light ions are quick to leave the target and to be effectively accelerated in electric field of heavy ones, which act as a “Coulomb piston” during later stages of expansion and provide the formation of mono-energetic bunch of light ions. The expansion of spherical targets with two ions species had been examined in [1, 2] and possibility of nearly mono-energetic ions had been shown. Two of main disadvantages of such technique are a modest number of particles produced and that the ions expand isotropically with no specific direction that is often needed in practical applications. Nevertheless, same model applied to the submicron thin foil enables us to overcome these disadvantages.

Here we had investigated the acceleration of light ions in the case of expanding plain charged target consisting of two ion species: heavy ion core and light ion impurity. Mechanisms of different acceleration regimes from quasineutral expansion to Coulomb explosion are examined. Also, analytical approximations of main spectral and spatial-temporal parameters of accelerated particles are given. A way of tailoring of density profile of light ions for means of acceleration optimization and improvement of characteristics noted above is studied.
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