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Plasma waves in magnetosphere FEAZLLX
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Magnetosonic waves

o
=
e

1979 AUG 9 AUG . %

20 11X ° ety /l"7
Bl § . 3 & A '_ "y -‘ 5 .‘ "," )\\ a,-.:o
R AGNETOSONIC el | Ve AR S
] : EQl'Jqu‘OsglAL \ ' 1::_.{9_.?9 '

GEOS1-2 = T™EIM

Parraut at al., 1982 Plasmaspheric Hiss

Electromagnetic Ion Cyclotron

waves
oy RELATIVISTIC
l | F . ELECTRONS l \
AL AL
’ ; Chorus
) % g 20 Ic°

[ ul'
1, RING CURRENT DRIF1 g 15 1ce

s ‘He+ gyro ) é I,
my D Thorne, GRL, 2010 g 10 o+
ot ” g ",
" O+gyro- - < cs
;‘,»..' e Yalg) ot N C0 -

LT 13:01:12 1301:17 13:01:22



Two remarkable properties

Rising tone Hiss-like emission
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¢ Frequency chirping
¢ Power gap at about 0.5fce



Frequency chirping
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Nonlinear trapping

[Tao, 2014]
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Generation of upper-band chorus
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Generation of upper-band chorus
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Generation of upper-band chorus FHAZLE S

Power gap

Discrete power distribution
in frequency

EMIC waves Cheorus waves
MS waves
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Lower band cascade @

EAUE ANTTRONNILOGY oF CHINA \

000 —! B8 E E6
A \/J \ : //‘\ f \'\f’ M \
— 1005 \F ~A
(a) '% E{ AWV\, : : h
= 11 L v
) E-f\- /\\ ——a Mj\\r\ —/\/\/\ P /\?\- A Y

o
fllz]

pA
Sec after 2014-09-13/C3:25:30

Gao et al., 2016, GRL



Lower band cascade
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Bicoherence index: measure the amount of
phase coupling that occurs among three

wave modes.
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Multiband chorus: 1-D PIC Simulation

Table 1. Some Initial Parameters in the Simulation Model” 25
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Theoretical analysis. electron fluid @

K ANTTROMNILOGY 0F CHINA '\——- ,/’
dette + V- (neve) =0
N = Mg +(on" =en’)
m‘(("),\(c . VC . V‘c) — —F(E + \'c x B) ({n + Oy '" l‘ o [d‘n - (\‘. .)-+ “A)‘. +‘“

l E =(af! ) + Al ")f( + (Al .‘al.L",‘ W (Al +M.l‘{9.
V-E= —8—(12,,_ — Ny e R = Bylcos 9% +sinfy) + 1_60)1. +ab I8 = (8b_ + 65" i

(] : )

| | 4
V x B =—upneeve + = GE Linearized but keep up to the second order

&

Vx E=—iB

Dispersion relation of whistler with ¢

| Q, ( 2 80 SR A T 2 9 '
w M cosBhk™ — —w | —| = T — —wk® - —¢
20 Vjc 2 »t.‘“—ch Q. V2 w

| 2\ 1 I | ,
—(sin 0k* - — sin m.-r) — sin (/mk(-,}— 2 = Emkz - fl* m)=0

2 2
C ( i

[ » e

Gao et al., 2018, AIP Adv



Theoretical analysis: electron fluid
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Two types of MBC
EIectroMagnetic MBC: EM-MBC
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Upper band
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Statistical results of MBC
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>Multiband chorus --- lower band cascade, reported
by THEMIS and reproduced by PIC.

>Multiband chorus (EM-MBC and QE-MBC) have
occupied a very large population 1n upper-band chorus in the
magnetosphere.

>The significant role of the lower band cascade in
generating upper-band chorus waves.

Thanks for your
attention!




