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Chorus Emission due to Injection of Energetic Electrons

[Cluster, Santolik and Gurnett,]



[Kasahara et al.,  GRL, 2008 ]



Overview
Constant Frequency Wave  
• Linear growth rate
• Quasi-linear diffusion
• Nonlinear trapping and acceleration in an 

inhomogeneous medium:   RTA and URA

Rising-tone Chorus Element
• Nonlinear-wave growth
• Generation of upper-band chorus emissions
• Efficient acceleration by nonlinear trapping and 

formation of the pancake distribution



Test Particle Simulation of Nonlinear Wave Trapping and
Acceleration of Trapped Particles (10 – 100 keV)

Wave
Electrons

[ Omura and Summers, JGR, 2006 ]



Trajectories of Resonant Electrons  (400 keV)

Bw = 125 pT
[Omura, Furuya, and Summers, JGR, 2007]

Relativistic Turning Acceleration （RTA)



Resonance Velocity



Ultra-Relativistic Acceleration (URA)

[Summers and Omura, GRL, 2007]

Trajectories of Resonant Electrons  ( > 1MeV)



for Longitudinal Wave

for Whistler-mode  Wave



for  inhomogeneous density model

for constant density model

Inhomogeneity Ratio 

[Omura et al., 2008; Omura et al., JGR, in press ]



Nonlinear Wave Growth due to Formation of 
Electromagnetic Electron Hole

[Omura , Katoh, Summers, JGR, 2008]
Maximum  JE



Linear Growth Nonlinear Growth

Electron Hybrid Simulation (cold electrons : fluid)

[Katoh and Omura,GRL,  2007]
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RTA and URA in the chorus generation process

[Katoh, Omura and Summers,  Ann. Geophys. 2008]
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Full-Particle Simulation of Chorus Emission = 3

[Hikishima et al., JGR, 2009]



The nonlinear growth rate can be grater than the linear growth rate.  

The condition for absolute instability at the equator

[Omura et al., JGR, in press]

gives the amplitude threshold for nonlinear wave growth.



[Hikishima et al., submitted to JGR]





Chorus Equations



Spatial Variation of Frequency Sweep Rate (Dispersion Effect)



Quasi-parallel Propagation (Oblique)

With

: Wavenormal Angle 



Nonlinear Resonant Damping in the dipole magnetic field

[Omura et al., JGR, in press ]



[Santolik, et al., JGR, 2003 ]

[Hosphodarsky et al., JGR,  2008 ] 

[Omura et al.,  JGR, 2008 ]

[Hikishima et al., JGR, 2009 ]

Simulations : 
parallel propagation

Observations: 
oblique propagation



Chorus Equations

Threshold of Wave 
Amplitude Bw

Time Scale of 
Chorus Tc



Summary 
• The nonlinear wave growth takes place near the equator 

through formation of  an electromagnetic electron hole for a 
seed rising tone with a wave amplitude above a threshold.

• The self-sustaining mechanism of nonlinear wave growth 
results in a rising tone limited only by the dispersion effect
operating near the gyro-frequency.

• Oblique propagation in a dipole field induces strong 
nonlinear resonant damping at half the gyro-frequency due 
to trapping by the parallel wave electric field, resulting in
the lower and upper band chorus emissions. 

• Resonant electrons trapped by chorus emissions are 
accelerated to higher pitch angles, forming a pancake 
distribution.  Some of them are effectively accelerated to 
relativistic energy by RTA and URA.



[Bortnik et al., Science, 2009]

Origin of Plasmaspheric Hiss:  Chorus?
Yes, but not by direct conversion 
from chorus emissions 
propagating to high latitudes.   
Chorus is generated in parallel 
propagation at the equator, not 
at wave normal angles 45 – 50 
degrees.

Alternative interpretation:
Chorus emissions effectively 
precipitate a wide range of 
energetic electrons into the 
auroral regions.  The precipitated 
electrons can generate the lower-
hybrid waves through Landau 
resonance. The lower-hybrid 
waves propagate into the 
plasmasphere as whistler-mode 
HISS emissions.  A study suggested by Dennis 18 years ago.
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