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Ultrashort laser facilities currently built will be able to deliver up to 10 PW peak power, e.g.,

L4 beamline (1.5 kJ, 150 fs pulses) in the frame of ELI-Beamlines project. The interaction of

such ultrahigh intensity laser beam with ionized solid targets includes many new phenomena

such as relativistic transparency or substantial energy losses of electrons oscillating in the laser

wave by radiation reaction force. We studied the interaction with the help of numerical 2D3V

particle-in-cell simulations including QED module calculating radiation reaction of electrons

by MC approach [1]. Namely, laser-driven ion acceleration is investigated for laser parameters

relevant to the L4 ELI beamline and for newly developed hydrogen solid cryogenic target with

thickness down to 25 µm [2] and standard polyethylene foil.

Despite its low density, the cryogenic hydrogen target still does not become transparent to

the simulated laser pulse and hole boring radiation pressure acceleration mechanism (HB RPA)

occurs in our simulations alongside with the target normal sheath acceleration (TNSA). The

radiation reaction force appreciably affects both acceleration mechanisms and hence cannot be

neglected in this type of simulations. Accelerated protons are separated into different energy

layers in space, providing information about contribution of different mechanisms to overall

proton acceleration, e. g., the HB RPA mechanism dominates over the TNSA mechanism both

in numbers and maximum energy of accelerated protons in the case of hydrogen target. On the

contrary, the TNSA mechanism accelerates protons to higher maximum energies while more

protons are still accelerated by the HB RPA in the case of polyethylene target. After the laser

pulse burns through the target, a relatively small fraction of protons is further accelerated to

significantly higher energy due to the laser interaction with the target debris in both simulated

cases. Although the maximum energy of protons accelerated from the hydrogen target (25 µm

thick) is near the maximum energy of protons originated from the polyethylene target (5 µm

thick), the number of accelerated high-energy protons is substantially higher in the case of

hydrogen target.
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