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Ion acceleration and γ-ray beams generation in low
density targets using ultra-high intensity lasers
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The intense research being conducted on sources of laser-accelerated ions and their applications, e.g. radio-
graphy and the production of warm dense matter (WDM), is motivated by the exceptional properties that
have been demonstrated for proton beams accelerated from planar solid targets, such as high brightness, high
spectral cut-off, high directionality and laminarity, and short duration (˜ps at the source). These ion sources
are very promising for a wide range of applications [1,2] ranging from the production of radio-isotopes and
the testing of mechanisms of extreme energy particle production in gamma-ray bursts, but also to improve
prospects for the necessary gantry for proton therapy or for fast ignition of inertial confinement fusion targets
with high gain.

The results in [3,4] using low density targets suggest the possibility of enhancing the efficiency and ease of
laser acceleration of ions compared to what has been achieved up to now using solid foils. Recently, impor-
tant progress has been achieved in the production of the short near-critical density gas jets required in this
regime [5]. Scaling laser ion acceleration in the low density regime to ultra high intensities (>1022W/cm2) is
a challenge as radiation losses and electron positron pair production change the optimization of the accelera-
tion process. Using large-scale Particle-In-Cell simulations including these effects, we have investigated and
modeled the transition to this regime in which intense beams of relativistic ions and a large number of MeV
photons can be produced.

These relativistic ion beams are of great interest for high-energy laboratory astrophysics as they could be used
to prepare the first relativistic collisionless shocks experiments in the laboratory using ultra high intensity
laser systems like Apollon or ELI. The study of the development of relativistic collisionless shocks is crucial
to test specific astrophysical scenarios (for instance for Gamma Ray Bursts models and particle acceleration
models in Supernova Remnants). The γ-ray beams produced can be used to study the Breit-Wheeler process
in the laboratory [6].
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Summary
Recent theoretical and experimental studies suggest the possibility of enhancing the efficiency and ease of laser
acceleration of protons and ions using underdense or near critical plasmas through electrostatic shocks. Scal-
ing shock acceleration in the low density regime to ultra high intensities is a challenge as radiation losses and
electron positron pair production change the optimization of the shock process. Using large-scale Particle-In-
Cell simulations, the transition to this regime in which intense beams of relativistic ions and of MeV photons
can be produced is investigated. The application of these beams to high energy laboratory astrophysics is
discussed.
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