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WMZE B (Research Objective):

The population, motion, and distribution of energetic electrons in the Earth's inner
magnetosphere are strongly affected by wave-particle interactions with whistler mode waves,
resulting in energy increasing/decreasing and pitch angle scattering of these electrons. Several
observations and simulations show evidence of whistler-mode wave-driven electron
precipitation (e.g., Hikishima et al., 2010; Nishimura et al., 2010; Kurita et al., 2016; Miyoshi
et al., 2022) under the parallel propagating assumption. However, electron precipitation
regarding large wave normal angles has been reported (Zhang et al., 2022) but has not yet
been studied by simulation. When the wave normal angle is very close to the resonance cone
angle, the resonance condition should be very different from parallel waves or slightly oblique
waves. This study aims to investigate electron precipitation for broad initial kinetic energies
and equatorial pitch angles interacting with whistler-mode chorus with various wave normal
angles. We checked the differences between precipitation rates and wave normal angles, and

then examined the precipitation mechanism of different nth order resonances.

EfEFi% (Computational Aspects):

We applied test-particle simulations to calculate the electron trajectories interacting with a
pair of chorus emissions. With the results of the test particle simulations, we generated the
numerical Green’s function as the modified electron distribution after wave-particle
interactions. We have 12 wave models with 3 amplitude settings and 4 wave normal angle
settings covering parallel chorus waves, slightly oblique chorus waves, and very oblique
chorus waves. The wave models are shown in Fig.1. We simulated wave-particle interactions
in the Earth’s dipole magnetic field at around L=4.5. We input 3600 electrons in a test particle
simulation with electrons with the same initial kinetic energy and the same equatorial pitch
angle. For a Green’s function set, we calculate initial energy Ko from 10 keV to 6 MeV and
initial equatorial pitch angle ao from 5° to 89°. We submitted 183,600,000 electrons for one



Green’s function set. Both MPI and OpenMP methods are employed for parallel computing.

After generating the Green’s functions, we integrated electrons inside the loss cone to

calculate the precipitation rates of each initial pitch angle and kinetic energy. Finally, we

compared the precipitation rates of the different wave models.
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Fig.1 Wave models: (a-c) 3 various wave amplitudes. (d) 4 various wave normal angles.

HEMER (Accomplishments) :

We theoretically derived the equatorial pitch angle scattering rates of resonant electrons and

analyzed them in different wave amplitudes, wave frequencies, wave normal angles, and nth

resonances. We also compared the pitch angle scatter rates to the simulated precipitation rates.

The physical findings are itemized as follows:

l.
2.

Amplitude is the most critical factor affecting electron precipitation.

In general, low-energy electrons have a higher precipitation rate than high-energy
electrons because the pitch angle scattering rate of n=1 cyclotron resonance is higher for
low-energy electrons than high-energy electrons. (See red parts of Fig. 2 a-d)

For large amplitude waves, the precipitation rate of the very oblique chorus waves is
about 1.5 times greater than that of the parallel waves and about 1.2 times greater than
that of the slightly oblique waves due to the active nonlinear trapping via the n = 0
Landau resonance and the n = -1 cyclotron resonance and nonlinear scattering of the n =
2 cyclotron resonance. (See Fig. 2¢)

In the large amplitude and very oblique case, electrons can precipitate from initial
equatorial pitch angles > 40 deg around 100 keV because of strong nonlinear trapping via
the n = -1 cyclotron resonance. (See Fig. 2d and magenta circles in Fig. 3.)

The anomalous trapping effect is much weaker in the oblique cases than in the parallel

casc.
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Fig.2 Precipitation rates for electrons interacting with a pair of chorus emissions shown

in Fig. 1a.
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Fig. 3 Connection of simulated precipitation rates (left panel) and theoretical pitch angle

scattering rates (right panel).
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