
Radiation Belts and Ring Current!
The Energetic Geospace

G. D. Reeves, H. E. Spence, B. A. Larsen,  
R. H. W. Friedel, C. A. Kletzing, D. G. Mitchell

Geospace revisited: Cluster/MAARBLE/Van Allen Probes!
September 2014, Rhodes Greece



We Want To Disentangle This Picture

Reeves, SW 2007; after Summers et al., 1998



And Ultimately Predict Storm-Time Responses

Reeves et al., GRL, 2003



The Van Allen Probes Mission

My Outline!
Van Allen Probes Overview!
Energetic Geospace Events!

Event-Specific Modeling



A Statistical Look
now that Van Allen Probes has precessed through all local times



Solar & Geomagnetic Activity



Solar & Geomagnetic Activity
10 years 11 years



Dst below -50 nT less than 3% of the time
Dst Range Number  (hr) Percent
-125 to -150 2 0.02
-100 to -125 14 0.14
-75 to -100 59 0.60
-50 to -75 218 2.22
-25 to -50 1158 11.81
0 to -25 8357 85.21
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Pressure by Species AE > 100nT
Protons  Oxygen 

 Electrons  Helium 



Energetic Geospace Events
detailed analyses of storm-time energization, losses, transport,  

plasma instabilities, and wave-particle interactions



Acceleration by Chorus Waves



October 2012: PSD Peaks

Reeves et al., Science, 2014



Definitive Evidence forLocal 
Acceleration
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Increasingly Strong Evidence that  
Chorus Produces Local Acceleration

Reeves et al., Science, 2014



Chorus: Theory and Observations

Simulation Observation

Thorne et al., Nature 2013

2D Simulations match spectrum & pitch angle distributions

Diffusion Coeff.  
from Observed 
Chorus Waves



Chorus Wave Growth Rates
X - 20 FU ET AL.: BANDED CHORUS SIMULATIONS
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Figure 1. (Top) The electric field spectrogram from 7:00 to 12:00 UT on 1 November 2012

as measured by the EMFISIS Waves instrument on Van Allen Probes spacecraft A. (Bottom)

The spectrogram of fluctuating (a) electric fields and (b) magnetic fields in the burst mode from

8:40:27 to 8:40:33 UT. A gap appears near half of the local electron cyclotron frequency fce,

denoted by the dashed line. (c) Ellipticities and (d) propagation angles of the waves. The burst

in the middle of panel (a) is caused by the spike in Ew component due to the shadow of the

MAG boom. Weak second harmonics of the chorus elements at the frequency about 3.5 kHz in

panel (a) and (b) were due to the clipping for strong waves before the electric field attenuator

was turned on.
D R A F T June 25, 2014, 9:52am D R A F T

Fu et al., JGR 2014

FU ET AL.: BANDED CHORUS SIMULATIONS X - 23

Figure 4. Kinetic linear theory results for whistler anisotropy instability frequencies (upper

panel) and growth rates (lower panel) as functions of dimensionless wavenumber k and propa-

gation direction θ using observed parameters as described in the text, including the observed

anisotropies T⊥w/T∥w = 1.62 and T⊥h/T⊥h = 1.32. The three black lines indicate contours of the

wave frequencies ω/Ωe =0.4, 0.5, and 0.6 in the θ-k parameter space.

D R A F T June 25, 2014, 9:52am D R A F T

X - 24 FU ET AL.: BANDED CHORUS SIMULATIONS

Figure 5. Kinetic linear theory results for whistler anisotropy instability frequencies (up-

per panel) and growth rates (lower panel) using observed parameters except two temperature

anisotropies T⊥w/T∥w = 6.0 and T⊥h/T⊥h = 2.0. Similar format as Figure 4.

D R A F T June 25, 2014, 9:52am D R A F T

Single Component 
fit to HOPE data

2-Component 
fit to HOPE data



Fu et al. PIC Simulation

FU ET AL.: BANDED CHORUS SIMULATIONS X - 27

Figure 8. A series of PIC simulations with different initial temperature anisotropies

Aw = 5, 6, 8, 10 and Ah = 3, 4, 5. For each run shown here, all parameters are the same as

for the simulation described in Section 3 except for the indicated anisotropies of the warm or hot

electrons.

Figure 9. PIC simulation results: Frequency spectra of (a) electric field δEy and (b) magnetic

field δBy fluctuations over 600 ≤ tΩe ≤ 1400.

D R A F T June 25, 2014, 9:52am D R A F T

Simulated Spectrum using 
2-component fit to HOPE observations

Fu et al., JGR 2014



Event-Specific Modeling
new global models can now be driven by measured conditions 

to test competing processes



Global Simulations: DREAM-3D
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Global Simulations: DREAM-3D

PSD data 
Van Allen Probes
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But… does good agreement  
mean the model is right?

Tu et al., GRL 2014



Event-Specific Simulations
Assumed2Parameters2
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Losses in the first Dst dip
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Tu et al., GRL 2014



Adding Chorus Acceleration
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Tu et al., GRL 2014
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Conclusions
• In the two-year Van Allen Probes prime mission we sampled all 

local times with unprecedented measurements of waves, 
relativistic electrons, ring current ions, composition & plasma 
distribution. We are only now digesting the results.!

• At the same time the Van Allen Probes enabled detailed, 
quantitative analyses of storm-time energization, losses, transport, 
plasma instabilities, and wave-particle interactions!

• New global models can be run with observed simulation 
boundary conditions, seed population, magnetopause, wave 
distributions etc. This allows quantitative testing of the effects of 
and relative importance of different processes in specific individual 
radiation belt events.


