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The Study of Non-thermal Electron Kinetics During Solar Flares

HUANG Jing

(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China)
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Abstract: In this paper, we introduce the model of the kinetic process of non-thermal elec-
trons during the solar flares and the observational characteristics of radio and hard X-ray bursts.
The general accepted model for non-thermal electrons kinetics during solar flares is trap-plus-
precipitation model, which is composed of five phases: acceleration, injection, trap, precipitation,
and energy loss. There are several acceleration mechanisms such as electric DC field acceleration,
stochastic acceleration and shock acceleration and so on. The energy, spatial and momentum
distribution of non-thermal electrons accelerated from each mechanism are different and the ac-
celerated electrons are injected into the flare loops with different ways. For electric DC field
acceleration, the accelerated electrons depart from the reconnection region directly and the orig-
inal distribution is unaffected by the injection. However, the electrons accelerated by stochastic
acceleration and shock acceleration would be trapped inside the magnetic mirror of acceleration
region and they are injected into the flare loops while they are scattered out of the trap region.
The injected electrons with pitch angle less than the loss-cone angle move freely through the
flare loops. The other ones with pitch angle greater than the loss-cone angle are trapped inside
the flare loops and bounced between the magnetic mirror points until they are scattered into
the loss cone by proper pitch angle scattering mechanisms or lose energy by interactions with
the local plasma. All the energetic electrons, which get to the chromosphere, lose their energy
by emission and collision and stay in the chromosphere afterward. During the kinetics process
of non-thermal electrons, the non-thermal electrons interact with magnetic field, local plasma et
al. and produce radiations. Radio burst are produced both by gyrosynchrotron radiation when
the non-thermal electrons spiral the magnetic field and plasma emission. Hard X-ray is emitted
by free-free radiation with non-thermal electrons colliding with the local plasma. Both of them
are the instantaneous signals of the non-thermal electron kinetics. By analyzing the fluxes, spec-
tra, and sources of radio and hard X-ray burst, we can study the spatial, energy and temporal
distribution of non-thermal electrons, the wave-wave interaction, wave-particle interaction, colli-
sion, emission, diffusion during the transport, and the characteristic of magnetic field and local
plasma. We can provide theoretic and observational basis for magnetic structure of solar flares,

solar atmosphere and magnetic reconnection.

Key words: non-thermal particles; radio burst; hard X-ray burst



