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High power laser experiment on the long time evolution of magnetized plasma
shock
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A collisionless shock plays the role of an efficient energy converter in space. It is known also as a source of cosmic rays
and large amplitude waves. However, the details of their energy conversion mechanism have not been clarified despite of
the long term effort based on in-situ observational as well as theoretical and numerical simulation studies. We have tried
to reproduce collisionless magnetized plasma shock in the laboratory to observe the long time evolution of its spatial and
temporal structures separately. In particular, in a supercritical shock with Alfven Mach number above a critical value (73),
the structure of a transition region with ion-scale is considered to play an important role in the energy conversion. Therefore,
we have developed to establish an experimental platform to capture. The experiment is conducted using the Gekko XII laser
facility (The Institute of Laser Engineering, at Osaka University). When the laser is irradiated onto the target aluminum
plate in the chamber filled with 5 Torr nitrogen gas, the high-speed plasma flow originating from the target compresses the
gas originated nitrogen plasma to generate a shock. By applying an external magnetic field ("4T) to the volume of interest
using a Helmholtz coil, a magnetized plasma shock wave is generated. The structure of a shock is observed by self-emission
measurements and Thomson scattering measurement.

By FY2021, we observed the system evolution up to t"80 ns by using the above method and confirmed that a front edge of
the shock sharpens after t7™50 ns. The formation of such a structure on a time scale shorter than the gyro period of nitrogen
ions (7220 ns) is not desirable for an experiment to reproduce a space plasma shock. As we considered that this may be
caused by insufficient mass of the target plasma, which is an ejector, we increased laser energy and pulse duration in the
experiment in FY2022. In addition, in order to investigate the development of the system for a longer period of time (t "200
ns), the size of the system including the Helmholtz coil was expanded. When the pulse duration (and the laser energy) was
doubled, we confirmed that the front of the shock was blunt. When the pulse duration was quadrupled, spatial fluctuations
of the shock front were captured after t=110 ns. The relationship between the wavefront structure and ion dynamics will be
discussed in the presentation.
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