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Laser plasma-based particle accelerators attract great interest in fields where conventional accelerators reach
limits based on size, cost or beam parameters. However, laser accelerators have not yet reached their full
potential in producing high-radiation doses at high particle energies. The quest to fully leverage the available
laser pulse energies is guided by first principles simulations predicting efficient ion acceleration mechanisms
at near critical plasma densities. The most stringent limitation for accessing this regime is the lack of a system
that provides a high degree of control of the plasma density conditions at high-repetition rates.
In this talk I will outline our approach for overcoming these challenges using a novel cryogenic hydrogen
target in combination with petwawatt-class lasers. Controlled pre-expansion of the initially solid target by
low intensity pre-pulses allows for tailored density scans from the overdense to the underdense regime transi-
tioning between different acceleration mechanisms. Under ideal conditions, the near-critical density produces
proton energies of 80 MeV representing a boost in maximum energy by a factor of more than two compared
to the solid jet case. Furthermore, recent investigations provide the basis for transferring the high single-shot
performance into a reproducible, robust and, above all, highly repetitive operation mode.
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