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High-efficiency nonthermal particle acceleration by 3d turbulent magnetic reconnection
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Nonthermal particles whose energy much larger than the thermal plasma are ubiquitously observed in astroplasma envirol
ments, and the energy density of the nonthermal particles is known to be often larger than that of the thermal plasma. Amon
many variety of acceleration processes of these nonthermal particle, the accelerations by shock wave and magnetic reconnect
are believed to play the most important role for the origin of the observed nonthermal particles. Roughly speaking, two elemen:
tary plasma acceleration processes are occurring: one is the stochastic acceleration under the resonant interaction of a char
particle with turbulent waves, and the other is the direct acceleration where a charged particle can gain its huge energy onl
by a single interaction with a localized, large-amplitude electric field. However, the acceleration mechanisms in details are still
controversial.

In this presentation, we focus on the turbulent reconnection in many magnetic islands, which is thought to be responsible fo
determination of the maximum attainable energy of accelerated particle in the system. We have already demonstrated by using :
PIC simulation that the particle acceleration efficiency of the classical 2nd order Fermi acceleration with many magnetic clouds
becomes to be 1st order of the ratio of Alfven speed and the speed of light, if we take into account of many magnetic island:
instead of those magnetic clouds (Hoshino, PRL, 2012). However, the behavior of three-dimensional reconnection remains elt
sive. Based on our result of 3d PIC simulation, we discuss that the acceleration process of multiple magnetic islands seen in 2
PIC simulation can work in more realistic 3d magnetic islands as well.
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