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• CRCM: Comprehensive Ring Current Model 

• RBE: Radiation Belt Environment Model 

• CRCM + RBE  CIMI 
 CIMI: Comprehensive Inner Magnetosphere-Ionosphere Model 

• CIMI Simulation of a magnetic storm 

• CIMI at CCMC 

CRCM to CIMI 



Solar Wind, Dst, Kp, AE data	



Ion, e- Flux (1 – 400 keV) w/ Pitch-angle Distribution	


Plasmasphere Density	



Plasma Sheet 
Model	



Convection 
Electric Field	



Magnetic Field 
Model	



Comprehensive Ring Current Model	



J||	



, PCP "

Model	


Output	
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CRCM: Comprehensive Ring Current Model 



CRCM at CCMC 



Solar Wind, Dst, Kp, AE data	



Energetic Electron Flux (10 keV – 4 MeV)	


Precipitating Electron Flux at Ionosphere	
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RBE: Radiation Belt Environment Model 



RBE at iSWA/CCMC 

RBE e- flux 
(> .6 MeV) 
at GEO W75 
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Solar Wind, Dst, Kp, AE data	



Energetic Ion Flux (0.1 – 400 keV)	


Energetic Electron Flux (1 keV – 4 MeV)	



Precipitating Flux at Ionosphere	
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Comprehensive Inner Magnetosphere Ionosphere Model	
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CRCM + RBE = CIMI 



• CIMI runs with T04 model, chorus and hiss diffusion 

• Electric Field 
Run 1: Self-Consistent Electric (SCE) field with M-I coupling 
Run 2: Empirical Weimer electric field model 

Run 1: SCE field! Run 2: Weimer E field!

Sun 

CIMI Simulations of the 5-9 April 2010 Storm 



Run 1: Self-Consistent Electric (SCE) field with M-I coupling 
Run 2: Empirical Weimer electric field model 

Run 1! Run 2!

Sun 

10-30 keV H+ 

CIMI Simulations of the 5-9 April 2010 Storm 
Ring Current Ion Flux at Equator 



Comparison with TWINS 
 Storm Main Phase ~18:15 UT 

on 6 April 2010	
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Run 1: SCE with VLF waves	

Akebono Electrons: > 2.5 MeV	



CIMI Simulations of the 5-9 April 2010 Storm 
Comparison with Akebono Data 



Run 1: SCE with VLF waves	



Run 2: Weimer E with VLF waves	



Akebono Electrons: > 2.5 MeV	



CIMI Simulations of the 5-9 April 2010 Storm 
Comparison with Akebono Data 



Run 1: SCE with VLF waves	



Run 2: Weimer E with VLF waves	

 Run 3: SCE without VLF waves	



Akebono Electrons: > 2.5 MeV	



CIMI Simulations of the 5-9 April 2010 Storm 
Comparison with Akebono Data 



SCE with VLF waves	

Weimer E with VLF waves	



Radiation belt electrons 

Ring current e- at 34hr 

Ring current e- at 34hr 

Radiation belt electrons 

SCE Produces Seed Population for Wave Energization  



Energetic Electron Precipitation at Ionosphere 



Electron Precipitation and Conductivity 



Identifying Loss & Energization Processes by CIMI 

Ring Current H+	

 Ring Current Electrons	

 Radiation Belt Electrons	



total energy content	


drift-in gain	


drift-out loss	


net change from drift across model boundary	


energization from internal drift	


loss-cone loss	


change from charge exchange (ions) or wave diffusion (electrons)	





Loss & Energization at 1 < L < 3  
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Loss & Energization at 3 < L < 5  
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Loss & Energization at 5 < L < 9  
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CIMI at CCMC 



* CIMI: CRCM and beyond 

* CIMI output: 
•  energetic ion (0.1 – 400 keV) and electron (1 keV – 4 MeV) flux 
•  precipitating electron flux 
•  plasmasphere density 
•  convection field 
•  Region 2 currents 

• CIMI is able to identify energization and loss processes in ring 
current and radiation belts 

* CIMI is available for ‘Runs on Request’ at CCMC 

Summary 



Backup Slides 



CIMI: Model Equations 
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fs: radiation belt – ring current particle distribution function!

: ionosphere potential;  J|| : field-aligned current!

N: plasmaspheric electron content per unit magnetic flux!



Solar	
  Wind	
  Input	
  
• 	
  ACE	
  and	
  WIND	
  satellites	
  

AE,	
  Dst,	
  Kp	
  Indices	
  
• 	
  Kyoto	
  Geomagne>c	
  Data	
  Service	
  
• 	
  U.S.	
  Geological	
  Survey	
  (USGS)	
  

Magne>c	
  Field	
  
• 	
  Empirical	
  T04,	
  T96	
  Model	
  
• 	
  Physics	
  Based	
  MHD	
  Model	
  

Electric	
  Field	
  
• 	
  Empirical	
  Weimer	
  Model	
  (at	
  polar	
  boundary)	
  
• 	
  Physics	
  Based	
  MHD	
  Model	
  

Plasma	
  sheet	
  Distribu>on	
  
• 	
  Empirical	
  Maxwellian	
  or	
  Kappa	
  distribu>on	
  
• 	
  Test	
  par>cle,	
  MHD	
  Model	
  

Wave	
  Power	
  and	
  Diffusion	
  Coefficients	
  
• 	
  Gaussian	
  fits	
  to	
  CRRES	
  and	
  THEMIS	
  data	
  
• 	
  Diffusion	
  coefficients	
  from	
  QLT	
  (Qiuhua	
  Zheng,	
  Jay	
  Albert)	
  

CIMI: Input Models 



Real-Time CIMI Flux Along VAP Orbits at CCMC 

Related Links | Frequently Asked Questions | Community
Feedback | Downloads | Sitemap

CIMI-RT (version as of 2013/12/16): latest real time plots
RBSP spectral plots ( RBSP L-time, CIMI 2D electrons, CIMI 2D protons)
Electrons at RBSP-A Electrons at RBSP-B

Protons at RBSP-A Protons at RBSP-B

RBSP L-time, (RBSP spectral plots, CIMI 2D electrons, CIMI 2D protons)
L-time at RBSP: Electrons at 10.4keV L-time at RBSP: Electrons at 41.2keV

    About    Models at CCMC Request A Run  View Results  Instant Run Metrics and Validation
Education  R2O Support  Mission Support

2/10/14 5:39 PMCIMI (v. 2013/12/16): latest real time plots

Page 1 of 7http://ccmc.gsfc.nasa.gov/ccmc-swrt-display/CIMI-T96/index.php
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CIMI 2D electrons (RBSP spectral plots, RBSP L-time, CIMI 2D protons)
Electron energy channel 01: 1.74keV Electron energy channel 03: 5.25keV

Electron energy channel 05: 15.9keV Electron energy channel 07: 48.0keV
2/10/14 5:39 PMCIMI (v. 2013/12/16): latest real time plots

Page 4 of 7http://ccmc.gsfc.nasa.gov/ccmc-swrt-display/CIMI-T96/index.php

Electron energy channel 09: 145keV Electron energy channel 11: 436keV

Electron energy channel 13: 1320keV Electron energy channel 15: 4000keV

2/10/14 5:39 PMCIMI (v. 2013/12/16): latest real time plots

Page 5 of 7http://ccmc.gsfc.nasa.gov/ccmc-swrt-display/CIMI-T96/index.php

CIMI 2D protons (RBSP spectral plots, RBSP L-time, CIMI 2D electron)
Proton energy channel 01: 0.174keV Proton energy channel 03: 0.525keV

Proton energy channel 05: 1.59keV Proton energy channel 07: 4.80keV
2/10/14 5:39 PMCIMI (v. 2013/12/16): latest real time plots

Page 6 of 7http://ccmc.gsfc.nasa.gov/ccmc-swrt-display/CIMI-T96/index.php

Proton energy channel 09: 14.5keV Proton energy channel 11: 43.6keV

Proton energy channel 13: 132keV Proton energy channel 15: 400keV



Coefficients based on chorus power of (100pT)2!



Coefficients based on hiss power of (10pT)2!




