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Intense short laser pulses can be efficiently transformed in bunches of secondary particles which may have various applications in the fundamental science, industry and medicine. In particular, the recent publications [1,2,3] reported  the experimental observations of quasi-mono-energetic ion beams with MeV energies. Although the general mechanism of ion acceleration due to quasistatic electric field has been well established during last five years, it is not yet clear how one can control the spectrum, charge and mass content of ions in the bunch.

The report presents particle-in-cell simulations of the quasi-mono-energetic ion acceleration by an intense laser pulse in a multi-species target. Homogeneous and heterogeneous targets are considered, and it is shown that the formation of the energy spectrum proceeds in three stages. These are: the initial light ion acceleration in the sheath electric field created by hot electrons generated by laser pulse, the ion species separation followed by the electrostatic shock formation during quasi-neutral plasma expansion, and, finally, the interaction of spatially separated ion bunches due to quasi-neutrality violation. The fast heavy ions push forward the light ions like “Coulomb piston“ and form their energy spectrum with a characteristic low energy cut-off.

The simulations show that mechanism of collision of heavy and light ion bunches is very efficient for both homogeneous and heterogeneous targets. The mechanism of mono-energetic spectra formation is illustrated by simple analytical model. It has been shown that “Coulomb piston” mechanism operates well for wide range of laser pulse intensity and duration.
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