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•  Observations and model results 

•  Properties of the polar solar wind 

•  Heliospheric structure from WSM to WHI 

•  Summary 

Overview 



Our improved global MHD code, MAS, 
includes energy transport processes.  



properties of coronal heating, while evading the 
question of what actually heats the corona 



•  Time-dependent, resistive MHD 
•  Incorporates observed photospheric magnetic field 
•  Non-uniform meshes 
•  3D finite difference 
•  Implicit and semi-implicit time differencing 
•  F95, MPI, multi-OS, Dynamic mesh allocation, 

restarts, post-processing tools.  
•  Comprehensive physics incorporated: e.g., energy 

transport (radiation, parallel thermal conduction, 
heating, and Alfven waves), 

Main Features of Model



Global solutions can be 
constructed in a number of ways 



Understanding the Observations: 
Streamers

Simulated pBMauna Loa



Understanding the 
Observations: �

Emission Measurements



•  Solar Parameters: 
•  Polar fields are weaker (Svalgaard et al., 2007) 

•  Tilt of current sheet larger 

•  Interplanetary Parameters: 
•  IMF is lower (Smith and Balogh, 2008) 

•  Plasma density is lower (McComas et al., 2008; Issautier et 
al., 2008) 

•  Temperature is lower (McComas et al., 2008; Issautier et al., 
2008) 

•  Dynamic pressure is lower (McComas et al., 2008) 

•  Even the Dow Jones is lower 

“Unique” Properties of WHI (and the 
Current Solar Minimum in general) 



•  Coronal streamer structure is different: 
•  Pseudostreamers (Wang et al., 2007) 

•  Coronal Holes: 
•  Smaller (Kirk et al., 2009) 

•  More equatorial holes (Gibson et al., 2009) 

•  Solar wind streams 
•  Stronger 

•  Longer in duration 

•  More recurrent (Gibson et al., 2009) 

WHI (and Current and Previous Solar 
Minimum in general) 





A 3-D View of the Heliosphere from Ulysses



Solar cycle evolution of heliospheric structure





In Situ observations show significant differences in 
average solar wind properties between WSM and WHI. 

Parameter 1st orbit (WSM) 3rd Orbit (WHI) Difference (%) 

Vp (km/s)* 761 739 -3 

Np*r2 (cm-3)* 2.65 2.19 -17 

Tp*r (106 K)* 2.66 2.3 -14 

rho*v*r2 (kgm-2s-1)* 3.96 3.17 -20 

rho*v2*r2 (nPa)* 3.01 2.34 -22 

P (pPa)* 9.89 7.43 -25 

Br*r2 (nT)+ 3.6 2.3 -36 

Ne (cm -3) # 2.43/2.65 2.06/2.09 -15/-21 

Te (core, 104 K) # 7/7.5 6.2/6.43 -11/-14 

*McComas et al. (2008) 



average solar wind properties between WSM and WHI, 
some of which match the observed trends! 

Parameter CR1913 (WSM) 
N/S pole 

CR2068 (WHI) 
N/S Pole 

Difference 
(%) 

Observed 
Difference (%) 

Vp (km/s) 731/722 704/719 -3 -3 

Np (cm-3) 2.17/2.24 2.38/1.99 -1 -17 

Br (nT) 2.91/2.91 1.63/1.59 -45 -36 

Open Flux (nT) 2.95 1.40 -53 N/A 

Exp. Factor 8.39/8.66 6.92/7.34 -20 N/A 
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structure



Declining Phase

Solar Maximum

CIR Formation in 
Three Dimensions



Global structure of heliosphere at 
2.2 AU for 1913(WSM, Aug/Sept 1996)



Global structure of heliosphere at 
2.2 AU for 2068 (WHI, Mar/Apr 2008)
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Summary  allows us to investigate both coronal 
and heliospheric structure in more 
detail: 

• Quantitative emission comparisons 
• Direct comparisons with in situ measurements 

 Comparison of WSM with WHI: 
• Two intervals have markedly different structure 
given the ~11.5-year separation 
• WHI wind is much ‘weaker’ but more complex 
than WSM 
• Model results broadly consistent with 
observations 

 Results on the web: 
• Polytropic solutions are currently available at: 
http:/www.predsci.com/stereo/ 
• The thermodynamic solutions shown here will be 
made available in the near future. 


