
The most generic shape of ICMEs 
A comparison of models and  

interplanetary event catalogues 

Miho Janvier1, Pascal dEmoulin2, sergio dasso3, Jimmy Masias3, NOE LUgaz4  
1University of Dundee, 2Observatoire de Paris, 3Universidad Buenos Aires 4Univ. New Hampshire 



What parameters Can we Look at? 

Can we Really Look at All ICMEs together? 

What shape fits with the observations? 

What structures can we study? 
Catalogues of MCs and Shocks 

« Location » parameter 



Introduction: ICMEs and Magnetic clouds 
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2010 (SOHO/LASCO) 

Interplanetary CMEs criteria: 
²  Stronger magnetic field than SW 
²  Low proton plasma beta 
²  Smooth and large rotation of MF 
²  Proton temperature lower than SW 
²  Enhanced helium abundance 
²  Counter-streaming suprathermal electron beams 
²  Enhanced ion charge states 
Wimmer-Schweingruber et al. (2006); Zurbuchen & Richardson (2006) 

Magnetic clouds (MCs) criteria 
Burlaga et al. (1981) 

	
  

Farrugia et al. (2011) 

M
A	
  



Magnetic cloud detection 
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Flux rope = twisted magnetic structure 

Farrugia et al. (2011) 

Consistent with: 
 
²  Observations of flux ropes during eruptive 

flares 

²  Theoretical models 

²  3D Numerical simulations 
Moore et al. (1995)	
   Aulanier et al. (2010) 

Janvier et al. (2013) 

Zhang et al. (2012)	
  



WHY we want to know MCs structures: 
²  Role of the field line length in time delay of energetic particles 

detection 
 Larson et al. (1997), Masson et al. (2012) 
	
  

²  Link with 3D configuration of associated solar source 
Nakwacki et al. (2011) 
	
  

²  Useful for magnetic helicity, energy, flux budget 
Démoulin et al. (2002), Dasso et al. (2005) 

Sun	
  

Zhang et al. (2012) 

WHY it is difficult to derive 3D MCs structures: 
²  Detection only in one direction (spacecraft crossing) 
	
  
²  Fitting models: only a local view 
Vandas & Romashets (2003), Sonnerup et al. (2006) 

²  Multiple spacecraft crossing: rare occurrences 
Ruffenach et al. (2012) 

Why does it matter? 
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With in situ data, it is also possible to define a shock: 

Shocks are geo-effective: 
²  Direct interaction with the Earth’s environment 
²  Particle acceleration 
²  Decrease of high-energy particle flux (Forbush decrease)  
Cane (2000) 

Richardson et Cane (2010) 

Zurbuchen et Richardson (2006) 

Shocks in the interplanetary medium 
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Statistical analysis of magnetic clouds and shocks  
observed by one interplanetary probe 

 
⇒  Analysis of samples to obtain the mean 1is of MCs / shock shell 

 
 
 
 
⇒  BUT: can we analyze MCs altogether? 
(effects from different orientations? speeds? MCs sizes? ) 
 
⇒  BUT: can we analyze all shocks altogether? 
(Differences in speed? Intensity?) 
 
⇒  What happens when we reproduce the same method on different catalogues of 

events? 

Our method: statistical studies 
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Outline 

A. Introduction 
 

B. Data Sets And Definitions 



The data sets 
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Lynch et al. (2005)  132 MCs Wind and Ace 1995 – 2003 
Feng et al. (2010)	
   62 MCs+shocks Wind  1995 - 2007 

Wang et al. (2010) 216 Shocks ACE 1998-  2008 

Lepping & Wu (2010) 121 MCs Wind 1995 – 2009  

Lundquist (1950) Fitted w/ Lundquist’s model 
circular 
force-free model 
straight axis 

Lundquist’s model gives 7 parameters, of which: 

⇒ longitude (ϕ) 
⇒ latitude (θ) 
⇒ magnetic field strength on the FR axis 
⇒ FR radius (from impact parameter) 

Flux rope axis 



The data sets 
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Lynch et al. (2005)  132 MCs Wind and Ace 1995 – 2003 
Feng et al. (2010)	
   62 MCs+shocks Wind  1995 - 2007 

Wang et al. (2010) 216 Shocks ACE 1998-  2008 

Lepping & Wu (2010) 121 MCs Wind 1995 – 2009  

Fitted w/ Rankine-Hugoniot 
One fluid 
Anisotropic 

Study of shock + Rankine-Hugoniot’s model gives : 

⇒ shock normal 
⇒ upstream/downstream density  
⇒ upstream/downstream Mach number 

See also Lin et al. (2006) 



Sun	
  

i	
  
yGSE	
  

zGSE	
  

xGSE	
  

apex	
  

axis	
  
plane	
  

Inclination angle i 

New referential: Inclination angle 
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Sun	
  

λ	
  λ	
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Location angle λ 

New referential: Location angle 



Sun	
  

λ	
  =	
  0	
  

West	
  “leg”	
  East	
  “leg”	
  
0<λ	
  <90°	
  -­‐90°<λ	
  <	
  0	
  

apex	
  

We can deduce i  and λ with the  
latitude and longitude angles 
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Location angle λ 

New referential: Location angle 



With the normal orientation,  
we have: 
² Inclination angle i 
 
² Localisation angle λ 

Shock normal (Rankine-Hugoniot method) 
(…)	
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New referential: Location angle 

-­‐	
  



Quasi-uniform                distribution 

Probability	
  distribu9on	
  for	
  i	
  and	
  λ	
  
(107	
  MCs	
  observed	
  at	
  1AU)	
  

Non uniform distribution 

Sun	
  

i	
  
yGSE	
  

zGSE	
  

xGSE	
  

Sun	
  

λ	
  =	
  0	
  

0<λ	
  <	
  90°	
  -­‐90°<λ	
  <	
  0	
  

à The MC detection is independent of the 
inclination angle 

(λ)	
  (i)	
  

Distributions of observed parameters (MCs) 
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Lepping & Wu (2010) 



Probability	
  distribu9on	
  for	
  i	
  and	
  λ	
  
(107	
  MCs	
  observed	
  at	
  1AU)	
  

Non uniform distribution 
(λ)	
  (i)	
  

Distributions of observed parameters (Shocks) 
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Quasi-uniform                distribution 

Wang et al. (2010) 

à The shock detection is independent of 
the inclination angle 



Comparing different catalogues 
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Lynch et al. (2005)  132 MCs 
Feng et al. (2010)	
   62 MCs+shocks 

Wang et al. (2010) 216 Shocks 

Lepping & Wu (2010) 121 MCs 

Why such a discrepancy 
 in the λ data? 

 
( frontier definition?) 

Only took similar events… 



Probability	
  distribu9on	
  for	
  i	
  and	
  λ	
  
(107	
  MCs	
  observed	
  at	
  1AU)	
  

Comparing different catalogues 
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à Distributions are actually similar! 



Correlation between λ – other parameters: 

²  λ>0 and λ<0 give similar results: independent of the “legs” 
²  λ is weakly correlated with other MC parameters 

λ>0	
  
λ<0	
  

From	
  Lundquist	
  fit	
   From	
  Lundquist	
  fit	
  

Dependence of λ with other parameters (MCs) 
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Correlation? 
No correlation! 

Dependence of λ with other parameters (Shocks) 
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Correlation between λ – other parameters: 

 ➾ λ parameter independent of the other 
MC/shock caracteristics 
➽ We can therefore perform a 

statistical analysis 
➽ It seems that there is a similar 

shape for all the MCs/shocks 



Outline 

A. Introduction 
 

B. Data Sets And Definitions 
 

C. Synthetic Distributions 



The idea: synthetic Probability distribution from a model  
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How does the geometry of the MC axis change the λ distribution?  

Comparison between synthetic distributions  
where the axis shape is given 

✪ Same shape for different catalogues? 

λ
	
  	
  Sun	
  

Lepping & Wu (2010) 

Janvier, Démoulin, Dasso (2013) 



The ellipsoid model (MC case) 
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The MC axis is given as an ellipse 

The aspect ratio can be changed 



M
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C
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Synthetic distribution: 

Calculated from the 
geometrical model Equiprobability in ϕ  

The ellipsoid model (MC case) 
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Synthetic distribution: 

The ellipsoid model (MC case) 
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ϕmax	
  =	
  30°	
  
Circular shape 

Flat apex 



ϕmax	
  =	
  30°	
  
	
  
	
  

ϕmax	
  =	
  60°	
  
	
  
	
  

The elongation parameter ϕmax has a weak effect, contrary to the aspect ratio b/a 

The ellipsoid model (MC case) 
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ϕmax	
  =	
  30°	
  

Satisfying aspect ratios: 
 1<b/a≤1.3 

(➽only a small interval of 
possible shapes) 

We have found the most probable 
MC shapes 

SYNTHETIC 

OBSERVED 
(« real ») 

The ellipsoid model (MC case) 
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The Cosine model (SHOCK case) 
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How does the geometry of the shock shell change the λ distribution?  

Comparison between synthetic distributions  
where the shock shape is given 

✪ We suppose that the shock has a Symmetry around the Sun-Apex direction 

Wang et al. (2010) 

Janvier, Démoulin, Dasso (2014) 



Given shock geometry in cylindrical coordinates: 
➾ The λ distribution can be expressed as: 
 
 
 

Parameter having an 
effect on the shapes 

(correla9on)	
  

For example, if we take the following function:                 we get:  

The Cosine model (SHOCK case) 
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Elongation angle has a weak effect on the 
distribution functions Weak	
  influence	
  

We found the most 
probable shapes 
 (nf between 0.17 et 
0.45) 

The Cosine model (SHOCK case) 
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synthetic distribution fitting: Summary 
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Ellipsoidal model 

Cosine model MC AXIS SHOCK 



synthetic distribution fitting: Summary 
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Wood model 

MC AXIS SHOCK 
Wood et al. (2009-2012) 



synthetic distribution fitting: Summary 
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Taking all the catalogues: 

Result 1: Ellipsoidal 
model slightly better 
Result 2:  
MC axis: b/a ~ 1.2 
Shock: b/a ~ 1.3 

Janvier et al. (2015) 



Outline 

A. Introduction 
 

B. Data Sets And Definitions 
 

C. Synthetic Distributions 
 

D. Conclusion 



Conclusion 

Looked at their 
probability distribution 

Is there a generic shape for ICMEs? Look at MC and SHOCKS 

Introduced new parameters 
  Inclination angle 
  Location angle 



Conclusion 

Looked at their 
probability distribution 

Is there a generic shape for ICMEs? Look at MC and SHOCKS 

Introduced new parameters 
  Inclination angle 
  Location angle Particular shape 

 Can we deduce a shape influence on 
this distribution ? 



Conclusion 

Is there a generic shape for ICMEs? Look at MC and SHOCKS 

Introduced new parameters 
  Inclination angle 
  Location angle Particular shape 

 Can we deduce a shape influence on 
this distribution ? 

Checked no 
correlations! Ellipsoidal model 

MC axis: b/a ~ 1.2 
Shock: b/a ~ 1.3 

Looked at their 
probability distribution 



What’s in for HELCATS? 

More catalogues! Test on a more extended sample 

Different distances? 
  Understand shape changes 

throughout propagation of ICMEs 

Contribution From  
Numerical Models 

Currently testing ellipsoidal shape from 
different simulations 

What parameters influence shape? 

Contribution From  
Coronagraphs/HI 

Models of shocks (probably the easiest) 
Can we deduce similar shapes? 


