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Types of Large-Scale  
Solar Wind Structures 

 Heliospheric current sheet and 
plasma sheet 

 Stream interaction region (SIR) 

 Interplanetary coronal mass 

    ejection (ICME) 

 Hybrid event 

 Driverless shocks 

 Concluding remark 
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helioweather.net 

http://helioweather.net/


Heliospheric Current Sheet (HCS) and 
Heliospheric Plasma Sheet (HPS) 

• HCS: a change of long-term (>3 days) magnetic field polarity, indicated 
by the direction of magnetic field and suprathermal (100-300 eV) 
electron flux. It is also called as magnetic sector boundary 

• HPS is a magnetic equatorial plane between sectors of opposite 
polarity, characterized by high density, low temperature, and slow wind 

• The scale of HPS varies largely depending on the selection criteria  

According to Alfvén (1977) Luhmann et al. (2012) 
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Detailed Structures at HCS 

The changes of magnetic field and 
electron flux directions do not always 
occur together 
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Owens et al. (2013) 
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McComas et al. (2008) Jian et al. (2006a), after Pizzo (1978) 

Corotating Interaction Regions (CIRs) 

Transient and Non-Recurrent SIRs 
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Identification of SIRs 

meridional 

     N (+) 

azimuthal 

    W (+)  

Jian et al. (2006a) 

slow stream fast stream *  Criteria 
1) Increase of Vp

 (necessary) 

2) A pile-up of Pt with gradual 
decreases at two sides 

3) Increase and then decrease of 
Np 

4) Increase of Tp 

5) Deflection of flow  
6) Compression of B, usually 

associated with B shear 
7) Change of entropy ln(Tp

1.5/Np) 
 

*  Stream interface (SI)  
 At the peak of Pt, sometime (~20% 

at 1 AU) it coincides with the 
location where Vp and Tp increase 
and Np begins to drop after a Np 
compression region 

 

*  Relation with HCS 
  

 ~60% of SIRs are associated with a 
HCS. SI often occurs after HCS 



 At 1 AU, ~26% of SIRs drive shocks, 
rarely a pair of forward-reverse shocks 

 The shock association rate increases 
with the radial evolution of SIRs 

 At Jupiter’s orbit (~5.4 AU), the shock 
rate is ~90% for SIRs (Jian et al., 2008) 

 These shocks can contribute to 
energetic storm particles 

Jian et al. (2006a) 7 
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Shocks Driven by SIRs 
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SIRs at 5.4 AU 
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Jian et al. (2008) 

After Crooker et al. (1999) 



CME 

STA STB 

ICME 

Zurbuchen and Richardson (2006) 
SOHO Large Angle and Spectrometric  

Coronagraph (LASCO) C3 
3.7-32 Rs 

bright front 

cool & dense 
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ICME Example 
shock STA log10f 
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• Magnetic cloud (MC): low 
β, large coherent internal 
magnetic field rotations 
over a relatively large 
angle (Burlaga et al., 
1981) 
 

• About 1/3 of ICMEs are 
magnetic clouds  
 

• This fraction roughly 
decreases as the solar 
activity level increases 
 

• All theories of CME 
initiation require either 
the presence or formation 
of a flux rope as an 
integral part of the 
eruption process 

 

 

magnetic obstacle 



ICME Signatures – I 
B: Magnetic field   P: Plasma dynamics 

Zurbuchen and Richardson (2006) 

to add β 

to add Texp 

P7: Pt Enhancement Jian et al. (2006b) to add Pt 

B 

P 
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C: Plasma composition    W: Plasma waves 
S: Suprathermal particles 

ICME Signatures – II 

Zurbuchen and Richardson (2006) 

C 

S 
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Integrated Space Weather Analysis (iSWA) 
System 

http://iswa.gsfc.nasa.gov/iswa/iSWA.html  

• Real-time data from the Deep Space Climate Observatory 
(DSCOVR) 
– Solar wind proton density, velocity, and temperature  
– Magnetic field vector 

• Beacon data from the Solar Terrestrial Relations 
Observatory (STEREO) 
– Only STEREO A is available now, about 10 days ahead (or 17 

days behind) of Earth for corotating solar wind 

• Add the following parameters to assist identification, 
assuming Nα=0.04Np, Tα=4Tp, Ne=Np+2Nα, Te=Tp 

Lopez (1987) 
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Variability of ICMEs 

Group 1 Group 2   Group 3 

Containing well-defined 
flux rope (magnetic cloud) 
with central maximum in Pt 

Containing magnetic obstacle 
with central Pt “plateau” 

Jian et al. (2006b) 
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Poorly-defined magnetic 
obstacle with monotonic Pt 
decrease after the leading 
shock and/or sheath 



Interpretation of  
Three Groups of ICMEs 

• The three groups of ICMEs classified using the Pt 
temporal profiles, possibly associated with different 
approach distances to the central flux rope 
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 (Riley-Odstrcil  
MHD simulation) 



Multipoint Observations  
of ICMEs 
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Small ICME-Like Transients  
1) lasting a few hours   2) B increase   3) often seen in the slow wind 

STEREO  A STEREO  A STEREO A 

2007 2007 2007 
Kilpua et al. (2009) 17 



Origin of Small ICME-Like Transients 
• Origin:  

– Small mass ejecta at 
the tip of helmet 
streamers 

– Blobs 

– Glances of large 
ICMEs 
 

• Left shows two blobs 
moving across COR2 

 

• The blob series 
appear as a series of 
azimuthal waves in 
the face-on views 

 

 
Sheeley et al. (2009) 
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One very rare example among 
hundreds of ICMEs has the 
interplanetary counterpart of 
prominence (region c–d) 
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T 

Hybrid Event 

o ~10% of ICMEs and 6% of SIRs 
are in the hybrid events, where 
multiple ICMEs interact or 
ICME and SIR interact 

o They can cause stronger 
geomagnetic activity 
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ICMEs at 5.3 AU 
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 Jian et al. (2008) 



Driverless Shocks 

• About 10-20% of shocks 
observed at 1 AU are 
found to be driverless 

• They could be attributed 
to  
– low-latitude coronal 

holes deflecting nearby 
CMEs away from the 
Sun-Earth line 

– CMEs becoming 
unrecognizable at 1 AU 
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Jian et al. (2013) 



Concluding Remarks 
 There are multiple types of large-scale structures in the solar wind: 

heliospheric current sheet (HCS), stream interaction region (SIR), 
interplanetary CME (ICME), and shock 
 

 These structures are closely related 
 

 They can impact the magnetosphere and/or ionosphere of Earth 
and other planets. Shocks is a major type of sources to energize 
particles 
 

 Besides the aforementioned criteria, to identify solar wind 
structures in real time 
 always check the solar observations taken about 2-5 days ago till 

present 
 

 Check the solar wind at Earth about 27 days ago at Earth or at STEREO 
A about 10 days ago (at present). If the latitudes of STEREO A and 
Earth do not differ much, and if the Sun is relatively quiet, we would 
expect similar solar wind at Earth 
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