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Particle acceleration from semirelativistic magnetic reconnection experiment by
petawatt laser
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Magnetic reconnection, the process of magnetic field topology rearrangement that results in the conversion of magnetic
field energy into kinetic energy of energetic particles, is recently accounted for various phenomena in astronomical plas-
mas. Examples of such situations include solar phenomena and planetary magnetosphere. In this work, we performed an
experimental demonstration of magnetic reconnection under relativistic electron magnetization, where magnetic field energy
density is about 100 times of electron rest mass density. This is an intermediate situation between the highly relativistic case
in electron-positron pair plasma, in which magnetic reconnection is also accounted for its contribution to gamma-ray flares,
and the typical non-relativistic situation mentioned above. In terms of astrophysical settings, this situation shows similarity
to plasma in accretion disks of black holes, which also requires an efficient particle acceleration mechanism to fulfill the
constraints from recent observations.

In this experiment, the magnetic reconnection plasma was generated by laser-irradiation on the inner surface of a curved
target fabricated from a thin metal foil, which produces 2.2 kilo-tesla magnetic field on picosecond time scale. Firstly, we
characterized the magnetic field amplitude in the reconnection plasma by proton deflectometry method. After that, we ob-
served a pair of outflow, driven by the reconnection, was accelerated from the irradiated target and particle spectrum in the
outflow was measured. A hard (p = 1.535 £ 0.015) power-law non-thermal component was observed in the electron spec-
trum, which showed consistency with 3-D particle in cell simulation results. Our results reveal the capability of magnetic
reconnection as an efficient particle acceleration in semirelativistic magnetized proton-electron plasma.



