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Meet our Sun and its interior. 
Image courtesy of Harvard-Smithsonian.

2

file://localhost/Users/colinkomar/Downloads/Sun_poster.svg


GEM Student Tutorial 
June 14, 2015

Solar Overview

• Sunspots indicate 
regions of high 
magnetic activity


- Likely locations of 
solar eruptions


• Sunspot number 
varies over 11 years
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Solar Dynamics
(1)Prominences


- Plasma circulation


(2)Coronal Holes


- Regions of weaker 
magnetic field


- Fast plasma escapes


(3)Solar Flares


- Energetic release of 
plasma to space
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(1) Solar prominence on 
Nov. 18-19, 2012.


(2) Coronal hole on  
Sep. 18, 2013. 


(3) X2 class flare on  
Mar. 11, 2015. 

 
All images courtesy of 
(SDO-NASA)
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The Big Picture
• Solar storms release vast 

quantities of hot, ionized gas 
(plasma) into space 


• “Solar wind” can interact with  
Earth’s magnetic field


- Damage electrical grid


- Lethal radiation doses for 
astronauts 


- Damage satellites  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Pressing need to understand  
“Space Weather”

Courtesy of SOHO/EIT/LASCO (NASA/ESA).

Courtesy of RBSP (NASA).
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Solar Wind
• Solar plasma gains 

energy in solar corona


- Escapes into 
interplanetary space


• Plasma carries  
magnetic field into 
interplanetary space


- “Frozen-in” law 
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Top:  Solar wind solutions for various temperatures in  
the solar corona.  (Adapted from Parker, 1958)

Bottom:  Schematic diagram of frozen-in magnetic field.
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Parker Spiral
(1)At a sufficient distance, 

plasma travels radially 
outward in Sun’s rotating 
reference frame  
(T ~ 27 days) 


• In a stationary frame,  
solar wind travels along 
“Parker Spiral” arms


(2)vSW = 400 km/s


(3)vSW = 600 km/s 
(straighter arms)
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Flow lines carry solar plasma into  
interplanetary space.  Orbits of Earth (1 AU) and 

Mars (~1.65 AU) shown for reference.   
(Adapted from Parker, 1958)
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INTERPLANETARY ORIGIN OF GEOMAGNETIC STORMS 541

Figure 6. Schematic of the formation of corotating interaction regions (CIRs) during the descending
phase of the solar cycle. The composition of the plasma and magnetic field fluctuations are also
shown. The magnetic fields of the slower speed stream are more curved, whereas those of the higher
speed stream are more radial.

concerned, the important feature of CIRs is that they are characterized by intense
magnetic fields. The intensifies can reach ≈ 30 nT.
At 1 AU, CIRs are not fully developed. They almost never have forward shocks

(this can and has been used as a reasonably reliable identifying feature) and usually
do not have reverse shocks (≈ 80% of the time). We therefore call these proto-CIRs
(PCIRs) in this paper.
An example of a PCIR and its consequential magnetic storm activity is shown

in Figure 7. This event is typical of the events studied for the 1973–1975 epoch
(Tsurutani et al., 1995b), where two corotating streams (from two coronal holes)
per solar cycle dominated interplanetary activity.
An unusually high plasma density can be typically found near the heliospheric

current sheet (HCS), the region separating the north and south hemisphere he-
liospheric magnetic fields. This high density plasma has been called the HCS
plasma sheet by Winterhalter et al. (1995). However, R. P. Lepping (personal com-
munication) notes that this plasma sheet may not always be present. The HCS is
identified by a reversal in the Parker spiral direction by ≈ 180 or a simultaneous
reversal in the signs of both Bx and By .

Interplanetary Plasma
• Common solar wind 

|v| ≈ 400 km/s, |B| ~ 1 nT,  
n ~ 1 cm-3, T ~ 104 K


• Co-rotating Interaction 
Region (CIR) 
|v| ≈ 600 km/s, |B| ~ 10 nT,  
n ~ 10 cm-3, T ~ 105 K


• Coronal Mass Ejection (CME) 
|v| > 103 km/s, |B| ~ 10 nT,  
n ~ 10 cm-3, T ~ 106 K 

(~ conveys order of mag.)
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Top:  Schematic of CIR formation. (Gonzalez et al., 1999)

Bottom:  Filament releasing CME on Feb. 24, 2015. (SDO)
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Solar Wind Monitors
• WIND, ACE, DSCOVR


- Orbiting L1 (~230 RE)


- Launched: W - 1994;  
A - 1997; D - 2015


- Measure B, T, n, v, 
energetic particles, 
cosmic rays (A only)


• All leading to predictive 
understanding

9

WIND

ACE

DSCOVR
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Heliosphere
• Space dominated by  

solar magnetic field


- Many features similar  
to magnetosphere! 
(IBEX: No bow shock…)


• Study familiar phenomena at 
heliopause


- Voyager: fields, waves, 
cosmic radiation, ... 


- Simulations: Reconnection
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Computational Models

• CORHEL (MAS/WSA/ ENLIL) 
[PSI, AFRL, U. Colorado]


- Input: Solar magnetogram 


• SWMF [UMich]


- Input: Carrington rotation 


• Both models simulate 
corona and MHD 
heliosphere


• Output: n, T, P, v, B
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Sample data output of CORHEL.  
Image courtesy of NASA CCMC.
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The Complete Picture 
Courtesy of NASA’s CCMC
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Conclusions
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• The sun is very complex and interesting (SHINE)


• Solar events source of magnetospheric 
phenomena


• Predictive capabilities under development 

• Thanks to Ian and Robert for having me speak


• Support from NSF, GEM, and NASA WVSGC is 
gratefully acknowledged


