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High-power laser experiment of nonstationary collisionless shock
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Collisionless shocks play an essential role as energy converters in space and are considered promising candidates for cos-
mic ray accelerators. However, many aspects of their fundamental structure remain unresolved. It is known that supercritical
shocks with high Mach numbers often fail to maintain a steady shock front. Empirical studies of non-stationary shocks have
traditionally been conducted through in-situ observations using artificial satellites. Because such observations are restricted
to limited sampling points, it is difficult to directly capture shock front fluctuations. Instead, it is important to remotely detect
the temporal variations of physical quantities, reflecting the fluctuations of the shock surface near the wave front. In contrast,
recent laboratory experiments on collisionless shocks enable us to continuously capture the spatiotemporal evolution of the
shock, making it possible to measure shock front fluctuations directly.

In the experiments, a laser is irradiated onto a solid target inside a chamber filled with dilute gas. The irradiation in-
stantaneously ionizes both the gas and the target, and the target plasma compresses the gas plasma to generate a shock.
Furthermore, by using Helmholtz-type coils, we realized conditions in which the gas plasma is magnetized under an exter-
nally applied magnetic field.

In the 2024 experiments, helium gas and carbon target were used, with variations in gas pressure and external magnetic field
strength. Self-emission streak measurements were employed to capture the time evolution of emission from plasma passing
through a linear slit aligned with the shock propagation direction. By analyzing the spatial profile of emission intensity along
the slit and identifying the location of maximum gradient as the shock surface, we found that the gradient periodically varies
in time. The period was on the order of the inverse ion cyclotron frequency.

In the 2025 experiments, we will focus on how the amplitude of shock front fluctuations changes with shock velocity (Mach
number). In the presentation, we will discuss these issues together with new experimental data to be obtained in September.

WEZERINITHICB Y 2 T A LF —Eid b UTEERRE ZHV, FHNEROGh2BEMr 2hTwd, L
D U723 & JEE JEE BN O BEAME KB LR B 20, v v " BOEWWOW 2 BEERTIX. LIXLIERZ
HEMESHER SRV Z AR SR TS, JEEREEHRKEOFIGEIE, ICRATEHEZH W2 D5EHIC X D1T
b Tk, BHRPRONZ ZDGBIHITIE, KHOFES EZELEHX 5 LB L WD, KHHORES &2 ML
TVHERORRYT — X OZEF 2 WEAHTY = ML HRA 5 I eWEEL RS, TAUTK LT, FAHNEERD A
TV EEIEE R D ENFER T, HREMEDOREMBERZERIICE A2 N TE 20, HHOMHES EZE
PERNCETHIS 2 Z EDSATRET B %,

FERTRE, F v UN—NCTHREST A2 TRHLZRET, ERE -7y bicL—H -2 32, L—¥—WREIcL by
ABIUEER=7y PRI T I AL L. &—F7 v PP ITRXAIBHRT 5 A2 EMES 5 2 & TEHBEPER SN S,
BT, ANVLFAYRID A I K DRSS Z I L. 77 X< Z2HE T 2 & FHEBL 72,

2024 FEDOEBRTIZ, FRRANV Y LA, X—Fy MIRBZHAW, TRAEB XSG RE 2 Z LS ¥, B
AV —=2ZFHANC XD BHREDOEMITANCIH - REFRDORY v s 2l o7 7T A6 DEFNET — X ORHIZE(L %
EH AT AV w MZino e HFERE D EMBIE 2 Bt L. Z OZEMARS R L 72 5 (B 2 EHRIm L FEL T, 4
MCOWRIZ(LZ Ty b L 25, BN ZERR o0, ZORBETAA A DY 4 70 b a v EEBOYEEO
F—R—TdHoT

2025 FEOEBRTIE, EHREEE (= v B0 2EZ TRIERES ORIER SIS R o 2IERT 5, FR
Tl S HRBONS TEDH T LERT — X 2R X THamziT9,



