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Gas jet targets irradiated by short intense laser pulses are now discussed in the context of alternative to thin foils for production of collimated high-energy ion beams. In principle, the gas jets could be more attractive in comparison with the foils since they are easy to use for high repetition rate ion source. When short laser pulse propagates in uderdense plasma it generates wakefield in the regimes of regular plasma wave, bubble or hole boring depending on laser intensity and plasma density. It is well known that electrons can be effectively accelerated by the wake field. However, ion acceleration inside a plasma is very low. At the same time, when laser pulse leaves a plasma slab (meets plasma-vacuum interface) the ions from near rear side region start to accelerate and gain considerable energy.

The ion response to relativistic electron bunches in the so called bubble or blowout regime of a laser-plasma accelerator is discussed in this work. In response to the strong fields of the accelerated electrons the ions form a central filament along the laser axis that can be compressed to densities 2 orders of magnitude higher than the initial particle density. A theory of the filament formation and a model of ion self-compression are proposed along with 3D PIC simulation. It is also shown that in the case of a sharp rear plasma-vacuum interface the ions can be accelerated by a combination of several mechanisms: (1) acceleration of ions at the boundary in the field of the positively charged laser-formed cavity; (2) acceleration by the charge separation field due to hot electron evacuation, (3) the transient field appearing during bubble destruction or return current (fountan effect); (4) Coulomb explosion of the self-compressed ion filament. By using different laser-target parameters we studied the different regimes of laser-plasma interaction to find optimal conditions for the maximum energy of the ion beams. The most effective ion acceleration can be achieved from the targets with near critical electron density, because large enough number of high-energy electrons is produced in plasma channel in this case to create essential electrostatic field at the plasma boundary. The finite back-side density gradient results in reduction of ion energy and, because of that, utilization of aerogel targets with easy to do sharp target-vacuum interface is expected to have advantage for ion acceleration.
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