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< Science operation started from
29 Mar 2017

& Electric field: DC - 10 MHz
< Magnetic field: DC - 100kHz

< Electrons: 10 eV - 20 MeV
< lons: 10 eV/q - 180 keV/q

< Software-type Wave-Particle
Interaction Analyzer




Whistler-mode chorus in the terrestrial magnetosphere
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UT:  0846:04 0846 06 0846:08 0846:10
An¥): -2.18 -2.16 -2.14 2,12
R(R.): 4.38 4.38 4.38 4.38
MLT(h): 21.04 21.04 21.04 21.04
f(kHz): 7.93 7.95 7.96 7.95

[Santolik et al., 2008]



“Magnetized” planets in the solar system

Whistler-mode chorus emissions




Chorus in planetary magnetospheres
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Purpose of the present study

@ Understanding differences/similarities of chorus generation
orocess in planetary magnetospheres

@ We conduct a series of electron hybrid simulations of the
chorus generation and reveal properties on the magnetic field
inhomogeneity and velocity distribution function of energetic
electrons

@ In particular, we focus on the chorus generation process in the
magnetospheres of the Earth, Jupiter, and Mercury, by referring
the results of MHD simulations
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Electron hybrid - MHD cross-reference simulations
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Electron Hybrid code: Basic equations

le.g., Katoh and Omura, JGR 2004, GRL 2007]

Cold electrons are treated as a fluid
energetic electrons are treated as particles

.

d(mpvp)

dt

= gp(E+ v, X B)
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Simulation model & initial settings

Outer radiation belt

Magnetic equator

t = 10661.04 [0~ I

Injection of

seed electrons

Inner radiation belt

Fig: Schematic illustration of radiation belts
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Simulation/CLUSTER observation results comparison
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Nonlinear wave growth theory for chorus generation
[Omura et al., 2008, 2009]

phase bunching
caused by the

balance between
Lorentz force

(v X Bw)

and mirror force

Trajectories of trapped/untrapped electrons in the wave phase space
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Nonlinear wave growth theory for chorus generation
[Omura et al., 2008, 2009]

phase bunching
caused by the

balance between
Lorentz force

(v X Bw)

and mirror force

Frequency variation and
magnetic field inhomogeneity
play the same role
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Dependence of chorus generation process on
temperature anisotropy
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Simulations in the Jovian magnetospheric configuration

fp/fc = 4
Ar = (1 +ﬂ)

Ar—90

t||
[cf. Tang et al., AnG 2014]
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Simulations in the Jovian magnetospheric configuration

Run 3: N, = 1.3 x 10 N,
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Comparison of simulation results with theories
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Mercury’s magnetic field inhomogeneity:
an example of MHD simulation results
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Mercury’s magnetic field inhomogeneity:
an example of MHD simulation results
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Simulation result of chorus
in the Mercury’s magnetospheric configuration

h = 8.19 [eQ 1]
2 RM,eq ©

fc = 840 Hy " mu' 'Fln:lll"' T |
fp = 8.4 kHz
(~T /cc)

I I. |
IIIH 1 13 I
] |

0 N

o 10

AT=9
Nh = 10'3 No
20 keV

0.6

I\

500 1000 1500 2000 2500 3000 3500
-1
Q,



Summary

@ We carried out “cross-reference” simulations by MHD and
electron hybrid simulations for the study of whistle-mode chorus
generation in the planetary inner magnetospheres

@By a series of electron hybrid simulations, we reproduced the
enhancement of whistler-mode emissions in the Jovian
magnetosphere

@ We reproduced chorus in the Mercury’s magnetospheric
configuration by electron-hybrid code

@ These properties should be evaluated by further numerical
experiments by cross-reference simulations and by in situ
measurements in the magnetospheres of the Earth (Arase, VAPs,
...), Jupiter (Voyager, Galileo, JUICE), and Mercury (BepiColombo)



