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CCHM Goals 
☀  Develop and maintain a first-principles based comprehensive numerical model of 

the 3D time-dependent structure and dynamics of the slowly varying corona and 
the ambient solar wind based on the SWMF.  

☀  Main features: 

⦿  Provide 3D description of the corona and the heliosphere 

⦿  Incorporate magnetograms as input 

⦿  Be able to initiate solar eruptions 

⦿  Predict the solar wind parameters at any point in space 

⦿  Provide modularity to incorporate new or more sophisticated physics 

⦿  Have a user-friendly web portal 

⦿  Enable faster than real-time simulation capability 

⦿  Be able to run continuously in a “pipeline mode” 

⦿  Deliver a working version to the CCMC 

⦿  Apply rigorous evaluation and validation 

☀  Goals are accomplished, code is available at CCMC 
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CCHM Corona Models 

Oran et al.: SH43A-1938 
Jin et al.: SH53C-08 
Downs et al.: SH43A-1939 
Van der Holst et al.: SH43B-1944 

Frazin et al.: SH41B-03 
Sokolov et al.: SH43A-1936 
Manchester & van der Holst: 
SH23A-1931 
Fang et al.: SH54A-06   

Synoptic Magnetograms
(MDI, Mt. Wilson, Kitt Peak, GONG, SOLIS, Wilcox)

DEMT (Di!erential Emission Measure Tomography)
(Stereo-A/EUVI, Stereo-B/EUVI, SOHO/EIT, SDO/AIA)

Br in the photosphere

ne, Te (1.035–1.225 RS)WSA

usw

PFSS

Br at source surface
"ux-tube expansion factor

open/closed
boundary

Alfvén wave
energy input

polytropic index
at inner boundary

Cohen et al., (2007) model

single "uid ideal MHD
continuity, momentum & energy equations

inner boundary at T~2×106K
ρ~1015 m-3   at inner boundary

van der Holst et al., (2010) model

2 "uid MHD model (electrons, ions)
electron heat conduction

separate equation for Alfvén wave energy
Kolmogorov wave dissipation

Alfvén wave pressure accelerates the wind

Oran et al. (2011) model

single "uid MHD model
heat conduction

separate equation for Alfvén wave energy
radiative loss in the upper chromosphere

Kolmogorov wave dissipation
counterpropagating wave dissipation

Alfvén wave pressure accelerates the wind
inner boundary at T~20,000K (upper chromosphere)

n=2×1016 m-3  at inner boundary

iterate surface Alfvén
wave energy "ux
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CCHM CME Initiation Models 
☀  Empirical: Erupting flux rope 

⦿  Location, orientation and strength are free parameters 

⦿  Fast, present workhorse model 

☀  Photospheric physics-based: Shear flow model 

⦿  Driven by boundary conditions 

⦿  Breakout 

⦿  Can be used in real-time simulations 

☀  Subphotospheric physics-based: Magnetic flux 
emergence 

⦿  Most complete physics 

⦿  Very resource intensive, cannot be used in real-time 
simualtions 
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Some Examples 

At the CME shock front limited ion coupling, and heat conduction 
keep electrons much cooler than the cospatial ions. 

Comparison of simulated and 
DEMT electron temperatures for 
CR2077 

CR2107 


