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Task	  4.1:	  Comparing	  to	  coronal	  sources	  (Task	  leader:	  UGOE)	  
	  
•  IdenFficaFon	  of	  the	  low	  coronal	  and	  photospheric	  source	  region	  

signatures	  of	  the	  CMEs	  in	  the	  STEREO/HI	  catalogue	  (WP2	  and	  3):	  
flares	  

	  -‐	  filaments,	  prominences	  
	  -‐	  EUV	  post-‐erupFon	  arcades	  
	  -‐	  Coronal	  dimmings	  
	  -‐	  EUV	  waves	  
	  -‐	  Bipolar	  regions	  

•  The	  modelling	  methods	  used	  on	  HI	  data	  (in	  WP3)	  will	  produce	  
windows	  for	  CME	  launch	  Fme	  and	  posiFon	  on	  the	  solar	  disk	  

•  Instruments	  used:	  STEREO/EUVI,	  SOHO/EIT+MDI,	  SDO/AIA+HMI,	  
Proba2	  

•  Role	  of	  parFcipants:	  UGOE:	  online	  cataloguing	  of	  signatures	  with	  
back-‐projecFons	  from	  WP3	  
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Evolution and Morphology of E-Limb CMEs 
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Cremades & Bothmer, A&A, 
422, 307-322, 2004 
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Evolution and Morphology of W-Limb CMEs 
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Cremades & Bothmer, A&A, 
422, 307-322, 2004 
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Filaments, Arcades, CMEs and Variation of the Photospheric 
Magnetic Flux in the Source Region 

A detailed study has started to investigate the 
evolution of the photospheric flux in the 

source regions of CMEs (Tripathi, Bothmer, 
Cremades, A&A, 422, 307-322, 2004). 

EIT 

195 Å  

MDI 

Bothmer & Zhukov, 2007 
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Bipolar Regions as CME Source Regions 

SRs of CMEs April 2000 

 Positive Polarity 

 Negative Polarity 
Cremades & Bothmer, A&A, 422, 307-322, 2004 



Möstl	  et	  al.,	  2010	  



SECCHI	  HI	  A	  observaFons	  and	  Wind	  measurements	  	  
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Möstl	  et	  al.,	  2010	  



Time-‐ElongaFon	  Maps	  	  
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TIME ELONGATION PLOTS

● Built stacking slices of difference images. 

Solar wind transients appear as white 

tracks in the time elongation plots 

(jmaps)

● Manual selection of points along the 

tracks yields the temporal variation in 

elongation angle of the feature's front

Courtesy:	  L.	  Volpes,	  J.	  Davies	  



03-‐04.2010	  CME	  	  
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03 04 2010 CME
● Originated from NOAA AR11059 (S23W05) and associated to a B7.4 flare detected by GOES at 

09:04 UT

● Detected by the STEREO A and B coronagraphs and heliospheric imagers 

Courtesy:	  L.	  Volpes	  



Proba2	  ObservaFons	  of	  CME	  Onset	  	  
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Coronal	  Waves	  
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Rouillard	  et	  al.,	  2012	  

The Astrophysical Journal, 752:44 (20pp), 2012 June 10 Rouillard et al.

Figure 4. Combined COR-1A and EUVI-A images showing the relation between the propagating EUV disturbance tracked in the lower corona in 195 Å and the CME
expanding in the upper corona in the COR-1A field of view at 02:20, 02:30, and 02:38 UT. Black dashed lines and thick white arrows mark the extent of the EUV
wave. Bottom right-hand panel: combined EUVI-A, COR-1A, and COR-2A images at 02:54 UT. The thin white arrows shown in the COR-1/2A field of view mark
the larger extent of the cloud of electrons surrounding the CME. The limits of this cloud were determined from the sharp drop in coronal brightness observed on its
surface in the corresponding running-difference image (bottom left-hand panel of Figure 2).

Thompson 1999; Wang 2000; Wu et al. 2001; Patsourakos &
Vourlidas 2009), slow-mode shock waves and vortices behind
the piston-driven shock (Wang et al. 2009), successive stretching
of the closed field lines overlying the erupting flux rope of the
CME (Chen et al. 2002), or the result of successive magnetic
reconnection driven by the expanding flanks of CMEs (Attrill
et al. 2007a, 2007b). It is also debated whether these waves
are driven by a piston, or are freely propagating, and whether
they may be launched and/or driven by flares, CMEs, or small-
scale ejecta. Past studies using low-cadence ultraviolet images
(>12 minutes) showed that EUV waves are correlated with
CMEs rather than flares (Plunkett et al. 1998; Cliver et al.
1999; Biesecker et al. 2002) and they tend to have average
speeds less than 400 km s−1 (Warmuth et al. 2004; Wills-
Davey & Attrill 2009). However, these modest average speeds
are unlikely to be the whole story in that 90% of decimetric
Type II bursts occur during EUV waves (Klassen et al. 2000).
More recent stereoscopic analyses demonstrate a close relation
between the location of EUV waves and the compression wave
developing on the flanks of CMEs (e.g., Veronig et al. 2009;
Patsourakos & Vourlidas 2009). Other case studies by Cheng
et al. (2012) and Rouillard et al. (2012) of EUV waves observed
with high-cadence images (12 s) taken by the Atmospheric
Imaging Assembly (AIA; Lemen et al. 2011) on board the SDO
(Lemen et al. 2011) provide evidence that the EUV disturbances
are unlikely to be simply propagating fast-mode waves during
the first few minutes associated with the initial expansion of the
CME since their speeds (>900 km s−1) are in excess of coronal
fast-mode speeds (∼400–500 km s−1). It is likely that the wave
is initially strongly “driven” by compression during the first few

minutes of the CME expansion. The lateral expansion of the
CME ceases within minutes and AIA observations show that the
waves carry on propagating on the solar surface more slowly, at
close to the fast-mode speeds (∼400–500 km s−1; Patsourakos
et al. 2009; Kozarev et al. 2011). During this phase the waves
may reflect and refract at coronal structures situated on their
path (coronal holes, see: Gopalswamy et al. 2009) in analogous
ways to blast waves associated with nuclear explosions (the
under water “Baker shot” launched in the Bikini atoll is a good
example of refracted and reflected blast waves: Glasstone &
Dolan 1977). Patsourakos & Vourlidas (2009) and other recent
comprehensive analyses of the link between the EUV wave
and the disrupted white-light corona by Rouillard et al. (2012)
suggest that the EUV wave tracks the region on the solar surface
disrupted by compression waves launched by the CME.

Figure 4 presents three EUV running-difference images
combined with COR-1 base-difference images and one EUV
running-difference image combined with both COR-1 and
COR-2 base-difference images (bottom right-hand panel). Base-
difference images are obtained by subtracting a background
image computed from images taken before the CME eruption.
White-light emission due to the more stable background corona
(such as streamers) is therefore removed in these base-difference
images, thereby allowing a detailed tracking of the lateral
expansion of the CME. All three composite images occur during
the decimetric Type II burst when a shock has already formed.
These images show that the leading edge of the EUV disturbance
is located at the leading edge of the laterally expanding CME,
or more specifically the pileup ahead of the driver gas. This
EUV disturbance is observed clearly until the CME’s lateral
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EUV	  wave	  expansion	  –	  April	  7,	  1997;	  SOHO/EIT	  

Bothmer	  et	  al.,	  1997	  	  
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Shock	  wave	  expansion	  –	  Feb	  25,	  2014	  	  

Courtesy:	  E.	  Kraaikamp,	  
ROB,	  Solar	  Demon,	  
AFFECTS	  


