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SOLI INVICTO



To predict strong geomagnetic storms,  
we need to predict Bz in CMEs

(Tsurutani & Gonzalez 1987)

• The solar wind-magnetosphere coupling is governed by the duskward electric field 
Ey ~ vBz.  

• However, v varies only by a factor of 2 (maybe 5 in extreme events). Bz varies by a 
factor of 10 and is thus a parameter more important for predictions. 

• To be geoeffective, the CME-associated disturbance should have a suitable 
magnetic field configuration: the interplanetary magnetic field (IMF) Bz component 
should be negative (southward), strong enough and long-lasting.



How to infer Bz from solar observations?
• Essentially two methods to infer the magnetic structure of the erupting flux rope in 

CMEs were proposed.  

• Observations of proxies of erupting flux ropes close to the solar surface (post-eruption 
arcades, erupting filaments) can be used (Marubashi 1986; Bothmer & Schwenn 1994, 
Rust 1994; Bothmer & Schwenn 1998, Yurchyshyn et al. 2001, McAllister et al. 2001).  

• On top of that, taking into account the CME shape observed by coronagraphs was 
proposed (Isavnin et al. 2013, Savani et al. 2015).

(Marubashi & Lepping 2007)
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• EUV images of the skew of post-
eruption arcades together with 
line-of-sight photospheric 
magnetograms allow 
determining the configuration of 
the erupting magnetic flux rope 
close to the Sun. 
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• One erupting neutral line corresponds to the post-
eruption arcade in the main active region. 

• The second erupting neutral line corresponds to the 
erupting filament.  

• Both neutral lines erupt together and essentially can 
be regarded as a single long neutral line.
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• The errorbars in θsolar are large, i.e. 
inferring the solar erupting flux rope 
orientation is often ambiguous. 

• Even if this ambiguity is taken into 
account, the orientations of the inferred 
and observed flux ropes are clearly 
consistent only in two cases of severe 
storms out of five. 

• Ambiguity in determining the axis 
orientation of  interplanetary flux ropes 
complicates the situation.



Writhing of prominences during eruptions

SOHO/EIT He II (304 Å)
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Taking into account the CME shape  
observed by coronagraphs

• Adding the CME 
shape observed by 
coronagraphs could 
help - in theory - to 
constrain the erupting 
flux rope orientation 
in the upper corona, 
where most of the 
orientation change 
has already taken 
place.  

• However, fitting a flux 
rope shape to a halo 
CME is not always 
straightforward. 

• The validation of the 
method was not 
reported. 

(Savani et al. 2015)
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Change of the flux rope orientation during 
its propagation from the Sun to 1 AU

• The orientation of the flux rope 
axis changes during the flux rope 
propagation from the Sun (red) to 
1 AU (green).

(Isavnin et al. 2013)



Ambiguity in determining the axis orientation 
of  interplanetary flux ropes
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Uncertainty in the cloud fitting (measurements 
only from a single spacecraft, cylindrical vs. 
toroidal model or different cylindrical models) 

may preclude the determination of the 
magnetic cloud configuration. 



(Möstl et al. 2012)

• It is difficult to 
distinguish true large-
scale distortions or 
warps of the axis 
from uncertainties of 
the methods that are 
used to determine the 
axis orientation.

(Marubashi & Lepping 2007)

Observations of interplanetary flux ropes 
made by multiple spacecraft



Summary

• We may have a reasonable educated guess about the orientation of the 
erupting flux rope. 

• Attempts to derive the magnetic cloud orientation from solar observations 
(filament/arcade orientation) have mixed success. 

• Important uncertainties exist both on the solar and interplanetary sides. 

• The correspondence of orientations of solar and interplanetary flux ropes is 
not always good.  

• We still cannot predict (accurately and consistently) the Bz(t), i.e. the strength, 
orientation and duration of the north-south interplanetary magnetic field 
component Bz. 

• Space weather science is still a field of fundamental research!


