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USEFULNESS OF MHD MODELS

• A global evolving solar wind model will be very useful for
providing contextual information for HMI observations (e.g., source
regions, location and geometry of CIRs and solar wind streams,
magnetic field polarity, magnetic field topology in CMEs)

• The coronal + heliospheric model is useful in particular for
connecting in situ measurements with solar source regions and
coronal phenomena

• The heliospheric model is useful for tracking CME propagation
through the interplanetary medium

• New opportunity: coronal models including vector field
measurements
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γ  = 1.05 for coronal solution;
γ  = 1.5 for heliospheric solution



MHD EQUATIONS
(IMPROVED ENERGY EQUATION MODEL)
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γ  = 5/3
q  =  −κ||b̂b̂⋅⋅⋅⋅∇∇∇∇T (Close to the Sun, r  <~  10Rs)

q  =  2αneT b̂b̂⋅⋅⋅⋅v/(γ  –  1) (Far from the Sun, r  >~  10Rs)

+ WKB equations for Alfvén wave pressure pw evolution
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MHD Modeling of the Solar Corona During Whole Sun Month
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Solar Wind Velocity in the Heliosphere During
Whole Sun Month (August–September 1996)
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Solar Wind Source Regions
Determined from a 3D MHD Calculation

Compared with ACE Measurements
Whole Sun Month 3 (Aug. 18 - Sep. 14, 1999)
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AN EVOLVING SOLAR WIND MODEL

• We can run a time-dependent coronal model with continuous
updates of the photospheric magnetic field driven by observations

• We can use daily or more frequent updates (determined primarily
by resources)

• The boundary magnetic field Bro in the model is updated using an
electric field at the boundary

• The coronal solution and solar wind respond to the boundary
condition changes

• A “quasi-real-time” model can be developed if a massively parallel
computer is used (e.g., a Beowulf cluster with 32 processors) for a
medium-resolution run [ ~ O(1003) mesh points]



EVOLVING BOUNDARY CONDITIONS

• The boundary magnetic field Bro (at r = Ro) is updated using an
electric field at the boundary:

Eto  =  ∇∇∇∇t ×××× Ψ r̂ + ∇∇∇∇tΦ ,

where Ψ(θ,φ) controls the normal magnetic field Bro, and Φ(θ,φ)
controls the transverse magnetic field

• Ψ is determined from:

c∇t
2Ψ  =  

∂Bro
∂t

• Φ can be determined from a circuit model to match the normal
component of the electric current Jr (deduced from measurements
of the transverse field):

∂Φ
∂t   ∝  (Jr  −  Jro)
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Figure 1.  Modeling the magnetic and thermal structure of an active region on August 29, 1996.  A Kitt Peak
magnetogram is used to specify the normal component of the magnetic field. A twist is applied to the field, and the
steady state is calculated for a given coronal heating distribution.  The temperate and density structure shows that the
transition region height varies in different parts of the active region.



STANDARD DATA PRODUCTS

• We are developing WWW site with data for 2.5 solar cycles
(~ 350 Carrington rotations, CR 1625 – present)

• Coronal hole maps with magnetic field polarity

• Field line connectivity (spacecraft to source regions on the Sun)

• Plasma parameters: B, v, T, n
• plots vs. latitude, longitude, radius
• meridional and equatorial cuts

• Limb pB images at Earth and spacecraft views, movies of pB

• Synoptic maps of pB at various radii

• 3D images of the heliospheric current sheet and field lines (VRML)

• Raw data: B(x,t), v(x,t), T(x,t), n(x,t)

• Future products: Interactive tools (e.g., field line tracing on
demand)















VRML of Coronal Field Lines (CR 1971, Dec. 12, 2000 – Jan. 17, 2001)



VRML of Heliospheric Field Lines (CR 1971, Dec. 12, 2000 – Jan. 17, 2001)




