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Outline	
•  CMEs 
•  CIRs 
•  Impact on Earth 



•  CMEs are large bubbles of 
magnetized gas which may 
take several hours to erupt 
into space. 

•  Interrupting the steady solar 
wind 

•  Creating a disturbance, e.g. 
a shock wave that moves 
ahead of the CME 

•  Accelerating some solar wind 
particles to high energies 

h"p://www.transterrestrial.com	  

CMEs (Coronal Mass Ejections)	

h"p://cse.ssl.berkeley.edu/coronalweather/CMEsFlares/index.html	  



•  They can result in 
large fluxes of 
particles at the earth. 

•  Compresses the 
magnetosphere. 

•  It can push the MP 
into the Van Allen 
belts and wipe them 
out (superstorms). 

(From	  SOHO,	  LASCO	  h"p://lasco-‐www.nrl.navy.mil/rtmovies.html)	  

CMEs &  
Earth’s Magnetosphere	



•  (1) the twisting and subsequent 
reconnecting of magnetic-flux 
ropes beneath the solar surface 

•  (2) the release of magnetic 
energy in the corona, above the 
solar surface (like flares). 

h"p://ase.tuHs.edu/cosmos/pictures/Sept09/Fig8_7.MagCloud.gif	  

The Triggers of CMEs	



Formation of CMEs	
•  Magnetic field lines of the 

sun’s atmosphere, the 
corona, began to twist and 
kink, generating the hottest 
solar material.  

•  The flux rope’s connection 
to the sun was severed, 
and the magnetic field 
escaped into space, 
dragging billions of tons of 
solar material along for the 
ride.  

Captured	  by	  NASA's	  Solar	  Dynamics	  Observatory	  on	  July	  18,	  2012.	  	  



Effect of CMEs on Earth	
•  They can cause 

dramatic aurora, 
disrupt radio 
communications, and 
have other effects. 

•  Radio 
communications, 
including devices that 
use Global 
Positioning System 
technology, such as 
cell phones, airplanes 
and car navigation 
systems.   	  



CIRs  
(Corotating Interaction Regions)	

•  Formation 
•  Fast wind “catches up” to slow 

wind 
•  Crash 
•  At the interface between the 

fast and slow wind 
•  A forward and reverse shock 

pair	  

h"p://spacephysics.ucr.edu/index.php?content=solar_wind/sw/swq3.html	  



Structure of CIRs 	
•  Coronal holes  
•  The magnetic fields of the slow streams in the solar wind are more curved 

due to the lower speeds, and the fields of the fast streams are more radial 
because of their higher speeds. shock	  (RS). 

•  CIRs form at radial distances between 2 – 5 AU from the Sun. 	



•  Voyager – the formation & the evolution of CIRs throughout the 
heliosphere 

•  At these shocks, the density, pressure, and magnetic field strength are all 
higher.  

 

CIRs by  
Voyager	

Voyager	



•  CIRs dissipate the energy in fast 
streams by slowing and heating 
the plasma  

•  The magnetic compression 
regions and turbulence 
associated with shocks can 
scatter cosmic rays.  

•  Particles can be accelerated at 
the CIR shocks.  

 

CIR by Ulysses	

http://www.physics.usyd.edu.au/~cairns/teaching/lecture11/node4.html	
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Solar and interplanetary sources of major geomagnetic storms (Dst  100 nT) during 1996–2005, Zhang et al., 2007	

Solar & interplanetary sources of  
major geomagnetic storms	

 
•  S-type: the storm ~ a single 

ICME & a single CME   
•  M-type: a complex solar 

wind flow produced by 
multiple ICMEs 

•  C-type: a CIR formed at the 
leading edge of a high-
speed stream orinating from 
a solar coronal hole (CH). 

•  Major geomagnetic storms 
are predominantly caused 
by ICMEs and their related 
structure. 	

Zhang et al., 2007 
	



 
•  Occurrence rate (/year) of 

small, medium, and large + 
major geomagnetic storms 
in 1964-2011 associated 
with CME-associated flows 
and corotating streams. 

•  The maximum rate of 
storms driven by CME-
associated flows 
approximately follows the 
size of the SSN cycle.   	

Solar wind drivers of  
geomagnetic storms	

Richardson and Cane, 2012 
	



•  Dark gray= CME-
associated flows; light 
gray = stream-
associated; white = slow 
solar wind 

•  The different contribution 
of streams and CME-
associated flows at solar 
min. and max. 

•  CME-associated flows ~ 
the most severe storms 
throughout the solar 
cycle. 

	

Solar wind structures driving 
geomagnetic storms	

Richardson and Cane, 2012 

	



•  Baker et al., Science [2013] found an isolated third ring of high-energy (2 
MeV) electrons in Earth’s outer Van Allen Belt by a powerful IP shock 
wave passage.  

•  Yuan and Zong [2013] identified 8 such events from 1994-2003 based 
on the SAMPEX data sets. Among them, 3 cases are related to CME-
driven magnetic storms and 5 cases are related to CIR-driven storms. All 
events are during the recovery phase of a magnetic storm.  

	

The Third Radiation Belt!	

Baker et al., 2013 
	



Summary	
•  CME‐driven shocks accelerate energetic particles from near the Sun 

to large distances into the heliosphere. The CIR shocks also 
accelerate particles, but generally, beyond Earth orbit and the particle 
intensity is relatively small. 

•  CMEs and CIRs are important solar wind drivers of geomagnetic 
storms. 

•  Storms driven by CMEs have solar-cycle-dependent occurrence rates. 
•   As the storm size increases, CMEs contribute to a larger fraction of 

events. 
•  Storms driven by CIRs typically predominate during the declining 

phase of the cycle and are the predominant drivers of weaker storms. 


