Laser interaction with foam targets for the generation of laser-driven sources of particles and radiation for diagnostics of plasma	
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Laser interaction with near-critical density plasma generated from low-density polymer foams provides an efficient platform for direct laser acceleration of electrons. In experiments performed at the sub-picosecond PHELIX laser facility, polymer foams with densities ranging from 2 to 8 mg/cc were homogenized using a controlled nanosecond pre-pulse to ensure entire plasma homogenization before being irradiated by a relativistic short-pulse laser at intensities of approximately 1019 W/cm2. This interaction drives high-current electron beams with energies up to 100 MeV through direct laser acceleration [1, 2]. When directed onto high-Z converters such as gold or tungsten, these relativistic electrons produce ultra-bright, high-intensity bremsstrahlung radiation in the MeV range [2-5].
Recent campaigns demonstrated record-breaking laser-to-photon conversion efficiencies of up to 1.8 % for photon energies above the giant dipole resonance threshold. To characterize these primary and secondary radiation sources, advanced nuclear diagnostic methods were implemented, including sample activation followed by high-purity germanium detector spectroscopy to analyze photonuclear reactions in tantalum, gold, and indium. These techniques enable precise evaluation of bremsstrahlung spectra, effective photon temperatures, and secondary neutron fields even under challenging high-gamma-background conditions. The developed platform demonstrates great potential for driving diverse nuclear reactions and establishing advanced radiation-based diagnostics for high energy density science and plasma physics at modern laser facilities. Our approach was confirmed during shots at the NIF-ARC facility in Feb. 2026, providing ten times higher 196Au yield per J laser energy compared to application of compound parabolic concentrator (CPC) [6].
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