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Current Modeling Approaches

MHD 
(physics-based) 

Provides: 3D magnetic field (B),  
velocity (V), pressure (P) & density ( ) 

Runtime: >200 CPU hours 
ρ

• ENLIL 
Odstrcil et al., 2003 

• AWSoM 
B. van der Holst et al 2014 

• SWASTi 
Mayank et al., 2022 

Analytical 
(crude approximation) 

Provides: 2D speed (|V|) & |B| polarity  
Runtime: few CPU minutes 

• WSA kinematic 
Arge & Pizzo 2000 

• HUX 
Riley & Lionello 2011 

• HUXt 
Owens et al., 2020 

Machine Learning 
(data-based) 

Provides: 1D speed (|V|) 
Runtime: few CPU seconds 

• Yang et al., 2018 
• Upendran et al, 2020 
• Lin et al., 2024 
• Cobos et al., 2025 
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1.0 AU

Remote Sensing 
and In-situ 
Spacecrafts

0.1 AU

Next-Generation Approach

WSA+ 
generalized optimization 

of WSA

MHD surrogate 
Provides: magnetic field (B),  

velocity (V), pressure (P) & density ( ) 
Runtime: few seconds

ρ
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MHD Surrogate Approach
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?

AwSOM simulations 

• 20 R⊙  —  250 R⊙ 
• Rotating frame 
• Res: 1 R⊙  and 1 degree

• Spherical topology
• Multi-scale structures 
• Radial propagation

Architecture Target

Physics

• PDE residuals 
• Extra info of system



MHD Surrogate Approach
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Neural Network

• Vector mapping  

• Fixed Grid 

• Classification & regression

Neural Operator

• Function mapping  

• Resolution Independent  

• PDE surrogates



MHD Surrogate Approach
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?

3D Fourier

• Fourier in r, ,  

• Not suitable for poles 

• Requires higher computation

θ ϕ

Spherical Harmonics

• Fourier in , Legendre in  

• Suitable for spherical geometry  

• Affordable computation budget

ϕ θ



Solar Wind Neural Operator
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WSA+ 
solar wind 

speed at 0.1 AU

SW 
NO

PDE Loss Data Loss

INPUT 

2D plasma 
boundary 
condition 
at 0.1 AU

OUTPUT 

3D plasma 
simulation 

from 
0.1 to 2.0 AU

MHD surrogate model
LoS Synoptic 
Magnetogram



Flow of Model Architecture
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Curriculum Radial Rollout
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Spherical Learning is Awesome
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Spherical Learning is Awesome

14



Divergence of B
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Divergence of B
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Far from Perfect
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Challenges …
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Take Away …
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SO  WHAT ?

20



SO  WHAT ?
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Thank 
You!



Curriculum Radial Rollout
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