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Historical 
Context	
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Previously…	
	

•  Morrison, P., 1954. (Phys. Rev) Solar-
connected variation of the cosmic rays.	

•  Montgomery et al. 1974 (JGR), Positive 
evidence for closed magnetic structures in 
the solar wind associated with 
interplanetary shocks waves.	

3D CONFIGURATION PROPOSED MAGNETIC CLOUD DEFINITION 
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80’s, 90’s - Top 10 magnetic topologies	
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1.  Goldstein 1983   
       (force-free concept) 

2.  Marubashi 1986      
       (1st reconstruction) 

3.  Burlaga 1988     
       (Lunquist 1950) 
4.  Lepping et al. 1990 

(reconstruction based on MVA) 
5.  Vandas et al. 1991,1993 

(reconstruction based on MVA 

6.  Farrugia et al. 1992, 93, 95 
       (including expansion effect) 
7.  Marubashi 1997 
       (Torus – curvature) 

8.  Osherovich et al. 1999 
      (Multi-tube) 

9.  Hidalgo et al. 2000 
      (non-force-free assumptions) 

10.  Hu & Sonnerup, 2001 
      (Grad-Shafranov eq.) 
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Why is it important to us?	



Multi-view/point CME perspectives	
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MAGNETIC FLUX EMERGENCE from the solar 
convection zone could be the driver.. (Leake et al. 
2014)	

BREAK OUT Models reproducing 
the three CME parts .. (Antiochos, 
1998)	

Lynch et al. 2014	



Multi-view/point CME perspectives	
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PRE-FORMED CORONAL 
FLUX ROPE, e.g., Titov & 
Demoulin, 1999; Roussev et al. 
2003; Török & Kliem 2005; 
Manchester et al. 2008	

Titov & Demoulin, 1999	 Roussev et al. 2003	



Multi-view/point CME perspectives	
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PRE-FORMED CORONAL 
FLUX ROPE 	

Gibson & Low, 1998	 Lugaz et al. 2005	



Multi-view/point CME perspectives	
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Forward Modeling of CMEs 
using heliospheric imagers,	
Thernisien et al., 2006, 2011	

Wood et al. 2009, 2011	



Linking views	
•  Linking the remote and in-situ observations – big 

improvement in the time arrival and  
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Linking views – case by case	
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Farrugia et al. 2011	

Nieves-Chinchilla. et al. 2012	



Linking views – case by case	
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Al-haddad. 2015, PhD.	
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RECONSTRUCTION OF THE WRITHED CME 81

Figure 5.5: A global view of the the reconstructed cases for the writhe simulation.
The top left panel provides a front view, from the direction of the propagation
of the CME, of the reconstructed orientations and sizes. The top right panel
shows the 3-D magnetic field lines from the simulation. The bottom panel
provides a top view of the reconstructed cases.

Cases 9, 3 and 10 correspond to the plane 10◦ north of the ecliptic. The results
are very similar to that just described for the plane 10◦ south of the ecliptic
except the central direction is rotated by about 50◦ in the opposite direction
(towards the positive Y axis) as compared to that in the ecliptic plane. As for
the 10◦ south plane, the radius of curvature is smaller than in the ecliptic and
the radial size of the cross-section gets smaller in the legs than at the nose.

	
	
QUESTION 1: Do we miss 
important information in 
the models assemble?	
	
QUESTION 2: Do we need 
to revisit the models or the 
techniques?	
	
QUESTION 3: New 
missions will be enough to 
reach the truly 
understanding of the 
ICMEs and the 
consequences of the journey 
throughout the heliosphere?	



Are all the ICMEs magnetic flux-ropes structures?	
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Two Coordinated Data Analysis Workshops (CDAWS), 2010-2011	

Why some ICMEs are observed to MCs 
and others are not. Possible explanations:	
1.  An observational selection effect;	

•  Observing limitation	
2.  Interactions of an erupting flux rope 

(FR) with itself or between neighboring 
FRs.	
•  MC -> 0.77AU versus NoMC->0.73	

3.  Evolutionary process.	
•  Analyzing Helios data, did not find 

a systematic trend in MC fraction 
and heliocentric distance.	

4.  >Two intrinsic initiation mechanisms	
5.  MCs are just an easily identifiable limit 

in an otherwise continuous spectrum of 
structures. 	
•  There are not proofs in the analysis 

to distinguish	
Richardson & Cane, 2004b	
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Q : Can we get information about the Magnetic Obstacle topology from the in-situ 
observations?	

ICME magnetic field configurations	



Distortion Parameter (DIP) is calculated from the integration in the time of the in-
situ observed magnetic field magnitude inside of the Flux-Rope.	

	

DIP is the value of the Normalized Time where F is equal to Ftotal/2. 	

•  DIP = 0.5 is symmetric magnetic field magnitude.	
•  DIP > 0.5 is back compression magnetic field mag.	
•  DIP < 0.5 is front compression magnetic field mag.	

EXPANSION VEL.	

Gulisano et al.2010	

Earth-directed ICME magnetic field configurations	
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Earth-directed ICME magnetic field configurations	
hrp://wind.nasa.gov 	



Lepping et al. 1990 		
Nieves-Ch. et al. 2005	
Lepping et al. 2008 		
Richardson & Cane, 2010	
Lepping et al. 2010 		
Kilpua et al. 2012 		

Nieves-Chinchilla et al. in preparation	

Wind ICME events 1995-2014	
Cycle 23 	    (146)	
Cycle 24     (241)	
TOTAL       (387)	



Earth&directed&ICMEs&199522013&
! Wind!obs.!! MO=FR/FRL! MO!=!Ejecta!
Cycle!23! 169!(57%)! 145! 24!
Cycle!24! 126!(43%)! 105! 21!
! 295& 250! 45!

!
!

Earth&directed&ICMEs&
199522013&

! Wind!obs.!!
Cycle!23! 169!(57%)!
Cycle!24! 126!(43%)!
! 295&

!
!
!

•  164 (55%) ICME  DIP = 0.5±0.05	



   AREA 1 	
Vexp>0.km/s & DiP<0.5 	

48%	

   AREA 2 	
Vexp>0 km/s & DIP>0.5	

      21%	

   AREA 4 	
Vexp<0.km/s & DiP<0.5 	

18%	

   AREA 3 	
Vexp<0.km/s & DiP>0.5 	

13%	



C23 => 67 events (37% of A1 Total) 	<Vexp> = 39 km/s	
C24 => 113 events (63% of A1 Total)	<Vexp> = 34 km/s	

   AREA 1 	
Vexp>0.km/s & DiP<0.5 	

48%	



!QUESTIONS!to!Address:!1)!Is!the!CME!distor2on!in!progress!at!1AU?;!2)!Can!
I!measure!the!distor2on?!

!MOTIVATION:!
=  Asymmetric!profile!in!the!magne2c!field!magnitude.!This!is!jus2fied!as!
consequence!of!the!flux=rope!internal!expansion,!however!is!could!be!
due!to!the!distor2on!in!progress.!

Vexp!

FR CROSS-SECTION	

Magnetic field 
compression 	
In-situ  observed	

Magnetic field 
expansion 	

in-situ observed	

C23 => 67 events (18% of A1 Total) 	<Vexp> = 39 km/s	
C24 => 113 events (30% of A1 Total)	<Vexp> = 34 km/s	

   AREA 1 	
Vexp>0.km/s & DiP<0.5 	

48%	



C23 => 32 events (8% of C23 Total) 	<Vexp> = 25 km/s	
C24 => 24 events (13% of C24 Total)	<Vexp> = 19 km/s	   AREA 2 	

Vexp>0 km/s & DIP>0.5	
      21%	



! Magnetic!!
Obstacle!
(MO)!

Sp
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ry
! Magnetic!field!!

lines!

   AREA 2 	
Vexp>0 km/s & DIP>0.5	

      21%	

C23 => 32 events (8% of C23 Total) 	<Vexp> = 25 km/s	
C24 => 24 events (13% of C24 Total)	<Vexp> = 19 km/s	



Wind -  20110429 119	

INTERACTION CME – CME / ICME - SW	

   AREA 3 	
Vexp<0.km/s & DiP>0.5 	

13%	

   AREA 4 	
Vexp<0.km/s & DiP<0.5 	

18%	



 Can we get information about the Magnetic Obstacle topology from the in-
situ observations?	

DISTORTION	

EROSION	



 Some events from WG4	

(1) 20120308	
Vexp = 112 km/s	

DIP = 0.28	

(2) 20121018	
Vexp = -7 km/s	

DIP = 0.44	

(3) 20130317	
Vexp = 36 km/s	

DIP = 0.48	



Summary & Conclusions	
•  A real flux-rope could be defined as magnetized plasma contained within a 

closed structure with magnetic field lines wrapping around in a twisting and 
disordered way.  

•  Despite multipoint and multi-view observations, the reconciliation between 
the in-situ and imaging interpretations of these 3D structures remains open. 

•  Empirical models for flux-ropes in the low corona are linked with in-situ 
analytical models through forward modeling techniques that provide 
geometrical and kinematic parameters.  

•  It is a challenge to conciliate the magnetic field topology view from 3D MHD 
simulations with the the neat, and helically well-organized magnetic field lines 
reconstructed with current in-situ analytical models.  
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•  To learn about the Magnetic Obstacle 
topology from the in-situ observations, we 
have developed a parameter (Distortion 
Parameter, DIP).  

•  DIP vs expansion velocity analysis 
evidences that more effects than 
expansion should be included (Models 
On Demand) as curvature, interaction … 


