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Exploiting the strong electromagnetic fields that can be supported by a plasma, high-power laser driven com-
pact plasma accelerators can generate short, high-intensity pulses of high energy ions with special beam
properties. By that they may expand the portfolio of conventional machines in many application areas. The
maturation of laser driven ion accelerators from physics experiments to turn-key sources for these applica-
tions will rely on breakthroughs in both, generated beam parameters (kinetic energy, flux), as well as increased
reproducibility, robustness and scalability to high repetition rate.

Recent developments at the high-power laser facility DRACO-PW enabled the production of polychromatic
proton beams with unprecedented stability [1]. This allowed the first in vivo radiobiological study to be
conducted using a laser-driven proton source [2]. Yet, the ability to achieve energies beyond the 100 MeV
frontier is matter of ongoing research, mainly addressed by exploring advanced acceleration schemes like the
relativistically induced transparency (RIT) regime.

In this talk we report on experimental proton acceleration studies at the onset of relativistic transparency
using pre-expanded plastic foils. Combined hydrodynamic and 3D particle-in-cell (PIC) simulations helped
to identify the most promising target parameter range matched to the prevailing laser contrast conditions
carefully mapped out in great detail beforehand. A complex suite of particle and optical diagnostics allowed
characterization of spatial and spectral proton beam parameters and the stability of the regime of best accel-
eration performance, yielding cut-off energies larger than 100 MeV in the best shots.

References
[1] Ziegler, T. et al. Proton beam quality enhancement by spectral phase control of a PW-class laser system.
Sci Rep 11, 7338 (2021)
[2] Kroll, F. et al. Tumour irradiation in mice with a laser-accelerated proton beam. Nat. Phys. 18, 316‒322
(2022)

Acknowledgments

Primary authors: ZEIL, Karl (Helmholtz-ZentrumDresden-Rossendorf); Mr ASSENBAUM, Stefan; Mr BERN-
ERT, Constantin; Mr BRACK, Florian; Mr COWAN,Thomas; Mr DOVER, Nick; Mr KLUGE,Thomas; Mr KROLL,
Florian; Mrs METZKES-NG, Josefine; Mrs NISHIUCHI, Mamiko; Mr REIMOLD, Marvin; Mr REHWALD, Mar-
tin; Mr UMLANDT, Marvin; Mr VESCOVI, Milenko; Mr ZIEGLER, Tim; Mr SCHRAMM, Ulrich

Presenter: ZEIL, Karl (Helmholtz-Zentrum Dresden-Rossendorf)

Session Classification: Plenary

Track Classification: Plenary Sessions: Invited Talks


