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Whistler-mode chorus:
nonlinear wave-particle interactions in Geospace
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A variety of chorus in the Earth’s magnetosphere
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Generation process of whistler-mode chorus

1) Linear growth phase fo,ve,v), 0f/0¢ =0

Excitation of a band of whistler-mode waves through the instability
driven by a temperature anisotropy of energetic electrons
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Generation process of whistler-mode chorus

2) Non-linear phase flo,vi,v), 8f/0w #0

Resonant electrons are trapped/untrapped by a coherent wave
element, resulting in the formation of “resonant current”
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--> Amplification by the resonant current maximizes for
a wave element whose frequency increases in time



Purpose of the present study

@ |n order to investigate the condition required for
triggering non-linear effects of the chorus generation,
we carry out a series of self-consistent electron hybrid
simulations

@ Dependences on (1) the temperature anisotropy and
density of energetic electrons and (2) gradient of the
background magnetic field have been studied



Electron Hybrid code: Basic equations

[cf. Katoh and Omura, 2004, 2006]

Cold electrons are treated as a fluid
Energetic electrons are treated as particles
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Simulation model & initial settings
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Initial conditions for the study of
properties of chorus generation

@ Case 1: Different temperature anisotropy of
energetic electrons at the magnetic equator

@ Case 2: Different magnetic field inhomogeneity
with the same property of energetic electrons at
the magnetic equator



Initial velocity (momentum) distribution of energetic
electrons used in electron hybrid simulations
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Initial velocity distribution of energetic electrons at the
magnetic equator [e.g., Katoh and Omura, JGR 2011]



Simulation results of different temperature anisotropies of
energetic electrons

¢ Run 1: A1 =9.0 Nh =2.99 x 10 No

sRun2: Ar=7.0 5.98 x 10% No

e Run 3: Ar=6.0 6.72 x 10* No

e Run 4: Ar=5.0 7.47 x 10* No
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Initial velocity distribution of energetic electrons at the
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Run 1 (Ar = 9.0): spectra observed at northern hemisphere

h = 9830 [c0, ] h = 98.30 [, ]

— —

0.8
0.8

w w
o o
qQ B
= -3
~. .
3 3
= =
) o
o2 b
[ f
1 nw]
2000 4000 6000 8000 104 1.2x10% ! 2000 4000 6000 82000 10* 1.2x10% !
0 Q

h = 9830 [c0, )

w/Q,
w/q,

2000 4000 6000 8000 10t 1.2%10% 2000 4000 6000 BOOD 10t 1.2x10%



Summary of Case 1: Chorus emissions are reproduced when the
wave amplitude exceeds the threshold amplitude
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Threshold [B,]

6.0 x10*
4.0 x10*

2.0 x10*
[cf. Omura et al., 2009]

| Linear growth rate [Q-o]

1.5 x102 - — — -
1.0 X102 - — — -
0.5x10% - — — -



Initial conditions for the study of
properties of chorus generation

@ Case 1: Different temperature anisotropy of
energetic electrons at the magnetic equator

@ Case 2: Different gradient of the background

magnetic field with the same property of energetic
electrons at the magnetic equator




Spatial gradient of the background magnetic field

Q@ Nightside: magnetic field lines are
stretched during a disturbed time
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[Tsyganenko, 1989]

@ Dayside: magnetospheric
configuration is distorted by
solar wind compression



Simulations of the same initial condition of energetic electrons and
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Simulations of the same initial condition of energetic electrons and
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Summary

We conducted a series of electron hybrid simulations for the
study of dependencies of the generation process of whistler-
mode chorus emissions

We carried out (1) different temperature anisotropy of energetic
electrons at the magnetic equator and (2) different gradient of
the background magnetic field with the same property of
energetic electrons at the magnetic equator

Simulation results revealed that nonlinear processes arise when
the wave amplitude exceeds the threshold wave amplitude for
the chorus generation

These dependencies should be tested by in situ observations and
by observations at ground stations






Threshold of the wave amplitude Bw,th for
nonlinear wave growth [Omura et al., JGR 2009

Wph = Wph /$ e 52 = (1 + £2)~1




