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High-power laser experiment of collisionless shock generation using light gases
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Collisionless shocks in space, which act as energy converters, are considered strong candidates for cosmic ray accelera-
tors. However, the detailed physical mechanisms of acceleration process remain unresolved, and extensive research has been
conducted over the years using satellite observations and numerical simulations. To investigate particle acceleration through
collisionless shocks, we have conducted high-power laser experiments aimed at reproducing a collisionless shock in the lab-
oratory. In the experiment, a rarefied gas is filled in the chamber, and a solid target is irradiated with the Gekko XII laser
(Institute of Laser Engineering, Osaka Univ.). The laser irradiation instantly ionizes the gas and target, creating a plasma. The
target plasma compresses the gas plasma, generating a shock wave in the gas plasma. Additionally, by applying an external
magnetic field to the test volume using Helmholtz-like coils, the plasma is magnetized.

Considering that particle acceleration through a collisionless shock takes a finite amount of time and that shock waves
observed in space are well-developed, it is necessary to drive and measure a shock wave for extended period in experiment.
While nitrogen gas was used in our previous experiments, this study employs light gases (hydrogen and helium) to extend the
effective measurement time. Since suitable target materials for ionizing light gases have not been determined, silicon nitride,
Teflon, and carbon are used for comparison as targets.

In the experiment conducted in 2023, shock wave propagation was confirmed with both hydrogen and helium gases. For
hydrogen, it was necessary to increase the gas pressure to 16 Torr to capture a sufficiently clear shock wave structure visible
through self-emission measurements. In this case, the Coulomb collision mean free path between ions was smaller than the
cyclotron radius at the expected magnetic field strength, making it unsuitable for collisionless shock wave experiments. In
contrast, with helium, shock waves could be generated at a gas pressure of 7 Torr, and it was confirmed that the mean free
path was larger than the ion cyclotron radius for magnetic field strengths of 1 to 3 T. Therefore, helium was chosen as the
optimal gas. Additionally, with helium gas, a precursor structure of the shock wave was observed for all targets, and it was
confirmed that this structure originates from the target ions. Among the targets, silicon nitride required more time for the
precursor to disappear and for the shock wave front to become clear compared to the other two targets. To capture a clear
shock wave front as long as possible within the measurement field, silicon nitride is not suitable. No significant differences
were observed between Teflon and carbon, so carbon was selected as the optimal target.

After the shock wave front was formed, periodic fluctuations of the wavefront, similar to the self-reformation characteristic
of well-developed shock waves, were observed. In the experiments in 2024, the measurement field will be set farther from
the target position compared to the last year, allowing for the measurement of shock wave propagation over a longer period.
The presentation will include discussions based on the experimental data in 2024.
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