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Part	1		
	

Magnetic	Field	Configuration	of	
CMEs	and	Their	Solar	Source	

Regions	



Why	CME	NRT	modelling?	

Images: NASA 

Which direction 
does the CME go? 
Will it miss? 

How fast is the 
CME? When will it 
arrive at Earth and 
with which  
-Bz ? (E=-v x B) 

ACE  gives 15-30 mins  
premonition time 

STEREO satellites provide 3D-view 



Sample	CME:	The	July	14,	2000	event	

Credits: SOHO/LASCO CME catalogue 



Solar	wind	and	ground-based	magnetometer	data	

Kp: 8   9- 9  9-  8-  
Credit:	M.	
Venzmer,	
AFFECTS	



The	solar	wind	data	from	Wind	

S to N 

E 

Credit:	Bothmer	&	Daglis,	2006	



Explanation	for	the	Magnetic	Structure	of	a	
CME	in	the	Solar	Wind	

Goldstein, 1983; Bothmer & Schwenn, Ann. Geophys., 16, 1-24, 1998 

North 
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In Principal,  

the Cylinder can  

be Arbitrarily  
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Observer! 

South 

Sun Helical Structure! 



Sample	References	to	Flux	Rope	Modeling	

Credits: I. Roussev 

•  Marubashi 

•  Lepping 

•  Aulanier, 

Demoulin 

& Török 

•  Lugaz 

•  Roussev 
 
 

Importance of Lundquist Solutions 



The	four	Different	Types	of	Magnetic	Flux	Ropes	

LH RH 

SEN 

NES 

SWN 

NWS 

Based on Helios Observations in 1974-1981:   

46 Unique Clouds, 23 LH, 23 RH 

Bothmer  & Schwenn, Ann. Geophys., 16, 1-24, 1998 
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The	Structure	of	the	Magnetic	Field	in	
Filaments	above	Opposite	Polarity	Regions	

Filament 



Scheme	of	the	Dependence	of	CME	Magnetic	Cloud	
Configurations	on	the	Solar	Cycle	

Bothmer & Schwenn, 1998 No consideration of quadrupolar fields 



Sketch	of	the	Possible	Origin	of	Interplanetary	
Magnetic	Flux	Ropes		

Adapted from Bothmer  & Schwenn, Ann. Geophys., 16, 1-24, 1998 

? ? 

Only 1/3 of all ICMEs appear to be flux ropes (Gosling, 
1993); 46% (Bothmer & Schwenn, 1996) 



Let’s	come	back	to	the	origin	of	the	July	2000	CME	

Credit:	Bothmer	&	Daglis,	2006	



TRACE	Observations	and	SOHO/MDI	magnetogram		



CMEs	originate	from	bipolar	photospheric	fields	regions	

SOHO/EIT/LASCO/MDI	

2002/01/04 10:06 UT 

2002/01/04 9:24 UT 

2002/01/04 9:36 UT 

Opposite 
Polarities 

Neutral line 

Cremades & Bothmer, A&A 2004 

2002/01/04 9:12 UT 

CMEs Origin 



Filament,	Arcade	and	Variation	of	the	Photospheric	
Magnetic	Flux	in	the	Source	Region	of	a	CME	

A detailed study was carried out 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 



Basic	Scheme	Explaining	the	3D	Structure	of	CMEs	

SOHO/LASCO	C2	

The	WL	coronagraph	observations	of	CMEs	can	be	modeled	through	large-scale	magnetic		
flux	ropes	which	properties	depend	on	the	magnetic	source	region	characteristics.		

Cremades	&	Bothmer,	A&A	2004	

NL 

N 

S 

Joy‘s	&	Hale‘s	laws	

Scheme is simplification ! 



Modelling	the	Electron	Density	Distribution	

LASCO	Observations	 Simulations	(GCS-Modell,	∫nedV)	

Cremades	&	Bothmer,	A&A	2004	 Howard,	Thernissien	and	Vourlidas,		ApJ	2006	
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Observations	and	Results	from	

STEREO	and	the	HELCATS	
Project	



Earth-Selfie	from	STEREO-A	

No	image	
available	



Stereoscopic	Observations	of	the	Sun-
Earth	System	

Earth STEREO B STEREO A 



December	2008	–	First	CME	Tracked	All	Away	Along	the	Sun-
Earth	Line	

Davis	et	al.,	2009	



STEREO	SECCHI/EUVI	A,	B	304	Å	and	COR	2	A,	B	
Observations	



CME	Modeling:	Dec.	12,	2008	

Credit: E. Bosman 



CMEs	are	large-scale	magnetic	flux	ropes	

STEREO/SECCHI Consortium 



CME	tracked	Sun	to	Earth	



The	EU	Project	HELCATS	



Stereoscopic	Modeling	in	the	Heliosphere	

CME GEOMETRY

Lon Lat Tilt Half angle Aspect ratio Height [R
SUN
]

259.38° -23.47° 55.90 13.36 0.35 13.64

COR2 modeling courtesy of E. Bosman

         STEREO COR2A 03-04-2010 12:08          STEREO COR2B 03-04-2010 12:08 

Thernisien, 2011

CME GEOMETRY

Lon Lat Tilt Half angle Aspect ratio Height [R
SUN
]

259.38° -23.47° 55.90° 13.36 0.35 42.40

➔ CME evolution consistent to self similar expansion assumption

         STEREO HI2 B  03-04-2010 17:29          STEREO HI2 A  03-04-2010 17:29 

Thernisien, 2011

Volpes and Bothmer, 2015 



Research	on	CME	Shock	Stand-Off	Distances	

Volpes & Bothmer, Solar Phys. 
DOI 10.1007/s11207-015-0775-z  
 

Table 2. Upper panel: extrapolation to 1 AU of the stando↵ distance, the Mach
number and the compression ratio. The results have been obtained via first degree
fit to the CME and shock height-time profile determined from the self similar
expansion model (SSSEM) applied to STEREO A and B HI images, for � = 10�

and � = 90�. The value of the stando↵ distance determined from in-situ ACE
measurements and those of the Mach number and compression ratio available on
the Harvard-Smithsonian Center for Astrophysics interplanetary shock database
are reported for comparison.
Lower panel: same quantities as above, determined via a second degree fit to the
CME and shock height.
The stando↵ distance derived via the SSSEM is higher than the observed one. The
values of the compression ratio and the Mach number computed from in-situ mea-
surements are within the range defined by our results. For � = 10�, the unphysical
result ⇢

d

⇢
u

< 1 can be related to the high stando↵ distance or to the small associated

CME curvature.

ACE 1st degree fit � = 10� 1st degree fit � = 90�

Stando↵ distance 19 R� 30 R� 26 R�
Mach number 2.2 1.38 3.26

Compression ratio 2.84 0.75 2.82

ACE 2nd degree fit � = 10� 2nd degree fit � = 90�

Stando↵ distance 19 R� 29 R� 26 R�
Mach number 2.2 1.41 3.46

Compression ratio 2.84 0.78 2.91

fit we find � = 23R�,
⇢

d

⇢

u

= 2.61 and M = 2.93. As for the arrival time358

we find a significant improvement in the in-situ extrapolations when359

deceleration is included in our fits.360

5. Discussion361

When applying the SSSEM for the determination of shock parameters,362

attention should be payed to direction of propagation of the CME. In363

order to derive the Mach number and the compression ratio using the364

relations in Equations 8 and 9, in fact, the stando↵ distance has to be365

measured at the CME nose. Two factors have to be accounted for:366

the angle of propagation of the CME with respect to the Sun-Earth367

line �
E

, and the direction of propagation of the CME with respect to368

the ecliptic plane ↵. If these angles are not small the determination369

of shock parameters using the SSSEM might lead to incorrect results,370

as the stando↵ distance is measured at the wrong location and the371

SSSEM radius of curvature might not well represent the one at the372

nose of the CME. In order to compare our results to in-situ data,373

in fact, we compute the stando↵ distance from the SSSEM heights374

corrected according to Equation 5. This way we determine the shock375

SOLA: Volpes_Bothmer2015.tex; 17 July 2015; 18:12; p. 14

Figure 3. a) STEREO A (left panel) and B (right panel) observations of the 2010 April 03
CME. The compressed region ahead of the CME leading edge is visible throughout the whole
CME propagation, and particularly clear in HI1 images. The Milky Way in the HI2B field of
view compromises the analysis of stereoscopic observations at the elongations imaged by the
instrument.

Figure 3 shows di↵erence images obtained from STEREO A and B COR2, HI1264

and HI2 observations. HI2B images are subject to high levels of background noise265

due to the transit of the Milky Way in the instrument’s field of view. Stereoscopic266

observations of the transient are therefore only available up to 24 degrees in267

elongation, corresponding to the outer field of view of the HI1 imager. The CME268

morphology seems to be preserved during its outwards propagation. Although269

the images in Figure 3 are orthogonal to the ecliptic plane, where we determine270

the CME and shock kinematics, what we observe is the integrated density along271

the line of sight. The absence of significant distortion can therefore be considered272

a good indication that self similar expansion is a reasonable assumption for the273

event under study.274

A region of enhanced density ahead of the CME, corresponding to compressed275

SOLA: Volpes_Bothmer2015.tex; 17 July 2015; 18:12; p. 9

An Application of the Stereoscopic 
Self-similar-Expansion Model to the 
Determination of CME-Driven Shock 

Parameters 
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Challenges for improved space 

weather forecasts 
	



Issues	to	be	taken	into	account	

1.  Multiple	activity	and	complex	energy	release	

2.  Treatment	of	CME	shock	fronts	and	

distortions	

3.  Lateral	expansion	of	CMEs	and	subsequent	

B-Field	expansion	



STEREO/SECCHI:	Direct	Observation	of	a	CME	
Sun	to	Earth	in	August	2010	



Multiple	Solar	Activity:	August	01,	2010,	
SDO/AIA	



STEREO/SECCHI	A,	B	EUVI,	COR	1	–	August	01,	2010	



STEREO/SECCHI/HI1	



Magnetic	Field	Structure	on	August	1	-	SDO/HMI	

Schrijver and Title 2010 



New	Study	by	N.	Savani	et	al.	2015:		

Predicting the magnetic vectors within coronal mass ejections 
arriving at Earth: 1. Initial Architecture  

 



New	Study	by	N.	Savani	et	al.	2015	
 
 
Eight events studied in detail - Conclusions: 
 

“The example January 2014 event is severely deflected away from the Sun-Earth 

line and thus highlights the importance of including evolutionary estimates of 

CMEs from remote sensing when attempting to provide reliable forecasts.  

 

Also, to improve the reliability of the magnetic vector forecast, the initial topological 

struc- ture determined by the Bothmer-Schwenn scheme must be adjusted for 

cases where the overlying field arcade clearly traverses two active regions.” 

 

My comment: These events were of very weak field strength at 1 AU – not clear if 

all were real CME hits but could also be indeed due to quadrupolar structures. 



Shock	fronts	ahead	of	CMEs	



Distortion	of	CME	fronts	



A	typical	solar	storm	onset:	Flare	and	CME	



Near-Sun	rapid	CME-Evolution	



The	associate	low	coronal	wave:	Lateral	
Expansion	



The	July	24,	2012	CME	–	High-Intense	Magnetic	
Field	–	STEREO	observations	

About 50 such CME events 
observed with SOHO/LASCO in 

cycle 23 



UGOE	AFFECTS	DDC		

Credit:	A.	Pluta,	AFFECTS,	HELCATS	



DDC	Forecast:	Arrival	Time	17	March	07	UT,	
L1	Speed	V=600-730	km/s	

		

Credit:	A.	Pluta,	AFFECTS,	HELCATS	



March	2015	CME	

Credit:	M.	
Venzmer,	
AFFECTS	



http://
www.affects

-fp7.eu/
weather 

AFFECTS	
Website	



Conclusions	
1.  The	magnetic	field	configuration	of	CMEs	can	be	predicted	from	

solar	magnetograms	based	on	the	B&S	scheme	

2.  Complexity	of	magnetic	field	structure	arises	from	different	

sources:	SR	photospheric	field	complexity,	lateral	expansion,	

deflection	(e.g.,	January	2014	CME),	non	force-free	evolution	

3.  I	think	we	often	luckily	miss	CME	cores	–	likeliness	of	a	Carrington	

event	may	even	be	independent	of	threshold	estimates	

4.  However,	all	of	this	is	not	too	different	from	problems	of	terrestrial	

weather	forecasts	and	natural	hazard	occurrences		

5.  These	aspects	are	challenges	for	upcoming	projects	and	offer	

bright	perspectives	for	collaborative	research	


