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Magnetic clouds 
(Burlaga et al., 1981) 

1) High magnetic field intensity 
2) Rotation of magnetic filed vector 
3) Low temperature (pressure) protons 



Model evolution 

Once upon .. 

- circular CS 
-  cylindrical approximation 
-  conditions in the radial and axial 
current densities 
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Circular Cross Section (CS) 
(Hidalgo et al. 2000, Solar Physics) 

Parameters 
- Orientation 
-  Impact parameter 
-  Axial/Poloidal current density 
comp. 



-  Crossing the front 
-  close to the ecliptic plane 

(Hidalgo et al. 2000, Solar Physics) 



-  Crossing the flank 
-  close to the ecliptic 
plane 

(Cid et al. 2001, Solar Physics) 



-  Crossing the flank 
-  Close to the ecliptic plane 

(Cid et al. 2001, Solar Physics) 



Model evolution 

20
00

 

20
02

 

Once upon .. 

Ci
rc

ul
ar

 C
S 

cc
s/+

pl
as

m
a 

Circular CS (improved) + Plasma 
Pressure 

(Hidalgo et al. 2002, JGR) 
(Cid et al. 2002, Solar Physics) 

jxB=grad(P) 
Parameters 
- Orientation 
-  Impact parameter 
-  Axial/Poloidal current density 
comp. 
-  Plasma pressure 
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Elliptical cross-section 
(Hidalgo et al. 2002, JGR) 

Elliptic Cylindrical Coordinates: - Elliptical CS 
-  cylindrical approximation 
-  conditions in the radial and axial 
current densities 
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Elliptical cross-section 
(Hidalgo et al. 2002, JGR) 

Elliptic Cylindrical Coordinates: - Elliptical CS 
-  cylindrical approximation 
-  conditions in the radial and axial 
current densities Parameters 

- Impact parameter: 1 
- Radial/Axial current densities:2 
- Axial magnetic field 
- Orientation: 2->3 parameters 







(Hidalgo et al. 2002, JGR) 



More general case 

Cross-section distortion 
+ 

Expansion 
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Elliptical cross-section + 
Local expansion 

(Hidalgo 2003, JGR) 
temporal conditions in the radial and 
axial current densities 



(Hidalgo 2003, JGR) 



Fitting MCs Fitting Ejs 



Summary  
- Ej -> s/c crossing flank 
- MC-> s/c crossing the flank 

-  the improvement of this non force-free 
model means adding new aspect of the 
understanding of the CME/ICME. 
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Now … what? 

•  Connexion with the source 
•  Interactions with magnetospheres 
•   Propagation in the interplanetary 

medium 
•   Expansion from the source up 1 

AU 
•   Plasma behaviour – plasma 

pressure tensor, total current 
density analysis .. 

•  - Global analysis of the structure 
with the inclusion of the cross 
section distortion and expansion.  


