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Radiation belts

N\ Probes

The key processes for RB formation and dynamics are the same as in many astrophysical
objects: radial diffusion and local angular particles acceleration/scattering
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Effects of Electron Acoustic Mode for Chorus
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Magnetic and electric field waveforms (a,b) captured aboard Van Allen Probe A on April 24, 2013 and
their dynamic spectra (c,d). Panel (e) presents the summary spectra of magnetic (the dashed curve)
and electric (parallel component) field wave perturbation. The zoom of the wave perturbations are
shown in panels (f) and (g) for the magnetic and electric field respectively. (h) - electron distributions
along (the solid curve) the magnetic field and perpendicular (the thin curve) are presented.
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Effects of Electron Acoustic Mode for Chorus

|
o
o

I AV AV AN ‘

0.88 0.90 0.92 0.94

0.1

2.88 2.90 2.92 2.94

5.54 5.55

5.56 5.57 5.58 5.59
Time [s] from 02:23:18, 2014/12/24

0.115

0.120
Time [s] from 08:58:09, 2015/01/07

0.125

0.1 [

|
il

0.1 1.0 0.1 1.0 10.0

Energy [keV] Energy [keV]

: (h)

|
|
I
|

0.1 1.0 0.1 1.0 10.0

Energy [keV] Energy [keV]

10.0 0.1

0.1 1.0
Energy [keV]

Energy [keV]

1.0 10.0

0.1 1.0
Energy [keV]

Energy [keV]

10°

1108
{107
1108
J 105$
110*
110°

102

10°
108
107

{108
[72]
110°&
{10*
{10°

10?

10°
108
107
GO
10°9
10°
10*
10°

10°
108
10’
1o°§
10°
10*
10?

10.0 0.1 1.0 10.0

Magnetic (a) and electric (b)

field perturbations. The electron
distribution function is shown in

panel (c), and its parallel and

transverse slices are presented

In panel (d) with the solid and
thin black curves respectively.
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Parameters of the system for PIC numerical model

The results are presented in normalized units based on the electrons smce  they
dominate the dynamics:
* the magnetic field to By,
* time to the inverse electron cyclotron time o, !
* lengths to the electron skin depth d.,
 velocities to the electron Alfven speed
Cpo = By/(4mtmen)?/?
* temperatures to m_c,.2.
* grid scale of 0.05d..

e Other parameters of the simulations are a mass-ratio
m./m, = 200, which is sufficient to separate the
dynamics of the two species, and speed of light ¢ =
5¢,., Which yields a ratio of the electron plasma
frequency @, to @, of five.

* The initial electron parallel temperature T_,, = 0.025 is

exx

uniform while the perpendicular temperature T,
is from 0.1 to 0.4 in the center of the domam
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Effects of Electron Acoustic Mode: PIC calculation
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The power spectrum of the parallel electric field
perturbation is presented in panel (k) with the solid

black curve. Magnetic field spectrum is shown by
the dashed curve.

<= Magnetic and electric field waveforms from the
PIC simulation. The summary spectra of magnetic
(the dashed curve) and electric (parallel
component) field wave perturbation.
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Effects of Electron Acoustic Mode: PIC calculation ‘%
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The electron distribution function in the parallel and :i\
transverse velocity domain captured at point #1 and the &
corresponding field-aligned electron distribution g
function (for v.= 0) (%)
LS.
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Dynamics of the electron distrilgijtion function in the x-v|, domain. Whistler parallel electric field =
modulates the resonance beam, which leads to generation of the electron acoustic mode with f_-»}
W
following steepening, overturning and mixing the hot beam. =



Effects of Electron Acoustic Mode: PIC calculation
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Effects of Electron Acoustic Mode: PIC calculation

. Ce)
=2 ' The rapid decay of the burst =
amplitude with grows of ™
1 O.1 magnetic field is in a good T
_ : o
150 F agreement with the IS
approximate dependence =
<
B NI
’ ' ep + Tt —~const 0
% 100} Bo —
- [ O
with Ty = TyroB/Bo shown S
_ by the red and blue solid 5
=] curves respectively 9
_ =
—_
| S
= ' Q.01 5
0 Z ' -

-~
cl

()

2

-~
[ 5

Ch



we report the first direct observation of the electrostatic electron acoustic wave

generation triggered by the electromagnetic whistler mode in the presence of the
resonance electron beam:

» The process which has been thought of as the nonlinear electrostatic steepening
of whistler waves is, instead, the coupling of the whistler with the electron
acoustic mode.

» This plasma wave mode conversion is thought to be important for the energy

transport to smaller scales and for plasma heating in space and laboratory plasma
systems.

» The mechanism has been confirmed by a self-consistent numerical simulation that
fully reproduces all steps of the process.



