
Overview

STEREO-B STEREO A

Spacecraft angular separation A-W=6°, B-W=3°,  A-B= 9°

Two coronal holes to east and west of the solar source AR

May 22 2007 MC: B9.5 flare on 19 May 2007 

peak on 13:02 UT at N01W05

May 23 2007 MC: B7.6 flare on 20 May 2007

peak on 05:56 UT at S04W09 

To obtain MC magnetic field maps the 

Grad-Shafranov equation is numerically integrated:

Multi-spacecraft STEREO observations of magnetic cl ouds
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INTRODUCTION

Magnetic clouds (MCs) are a subset of Interplanetary Coronal Mass Ejections
observed in-situ in the solar wind showing distinctive properties. They are often modeled

as helical magnetic flux ropes.

We present results on two magnetic clouds on May 22 2007 and May 23 2007

observed by STEREO-A/B and Wind using a multi-spacecraft version of Grad-

Shafranov reconstruction (Hu and Sonnerup, 2002, JGR; Sonnerup et al. 2004, GRL). 

These results are published in:

Kilpua et al. (2009, Sol. Phys) for connecting the MCs with the solar source

Möstl et al. (2009, JGR) for the origin and shape of the May 22 2007  MC

Möstl et al. (2009, Sol. Phys. STEREO Topical Issue) for the May 23 2007 MC and 

comparison to the CME triangulation direction by Mierla et al. (2008, Sol. Phys)

Plasma bulk parameters and magnetic field observations for STEREO are delivered by 

PLASTIC (Galvin et al., 2008, SSR) and IMPACT (Luhmann et al., 2008, SSR).
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ANATOMY OF THE MAY 22 2007 
MAGNETIC CLOUD

Figure 2 shows the magnetic field map of the 

MC as a merger of 2 maps each integrated from 

STEREO-B and WIND observations taken as 

initial values. STEREO A observes a much 

shorter MC interval with similar field rotations 

(Fig. 1, right) but cannot be included here in a 

straightforward way.

Field lines circular at center, more elongated 

in the MC outer parts (Fig. 2).

Fig. 1, lower panels: total pressure

Ptot=B2/2� 0+p decreases and becomes flat 

going from low to high impact parameters.

��� � (1) STEREO-B / WIND / STEREO-A m agnetic field and plasma bulk parameters. Intervals between the two solid lines
correspond to observations (arrows) in Fig. 2 . Intervals between dashed lines 1 and 2 is the MC interval determined from 
data (Kilpua et al., Sol. Phys., 2009). From top to bottom: magnetic field magnitude and components rotated to cloud 
coordinates , proton bulk velocity, proton number density (blue) and proton temperature (green), proton beta, and total 
pressure (black) as the sum of magnetic (red) and proton pressure (blue).

CONCLUSIONS

May 22 2007

New method based on multi-spacecraft information is capable of retrieving robust 

orientations, shapes and magnetic fluxes for large spacecraft separation - results compare 

well with other methods.
Magnetic fluxes in the MC are closely related to the flux reconnected during the flare; 

supports formation of the magnetic cloud during the flare instead of a pre-existing structure

Rotation of the axis about 110° from the sheared arcade on the Sun to the magnetic cloud at 

1 AU – rotation of the erupting flux rope through the helical kink instability possible 
May 23 2007

Magnetic field cross-section consists of “distorted ellipses” not departing much from the 

force-free state

Guideline for future use of the GS method

CME propagates almost radially (+/- 5°) from the Sun to Earth

(9) 
STEREO-B 
Pt(A) relation 
with fitting 
function (black). 
Circles 
inbound, stars 
outbound.
Ab = white 
contour in Fig. 
10.
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STEREO B  May 22-23 2007
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��� � WSO map with coronal neutral line 
(black), MC axis (red arrow) and 
polarity inversion line (yellow arrow)

flare ribbon flux

axial flux * 2 (Longcope and 
Beveridge, 2007, sheared
arcade model)

Thats me!

SECCHI/EUVI 195

Coronal holes

Flare ribbons Dimming

(2)

Sun

MC poloidal flux

MC axial flux * 2

Origin of the magnetic cloud

(1) Calculate fluxes involved in reconnection 

during the flare (Miklenic et al. 2009, A&A)

(2) Determine shear of the initial flare kernels

(3) Compare with Longcope and Beveridge

(2007, ApJ) sheared arcade model

Results: MC axial flux agrees with the expected 

reconnected axial flux to within a factor of 2 

Supports the origin of the magnetic cloud from 

reconnection of a sheared arcade during the 

flare

Rotation of the MC

Orientation of the right-handed MC axis at 1 AU: 

clockwise rotation of ~110° when compared to the 

flare neutral line – helical kink instability ? 

not consistent with global PFSS neutral line 

orientation

MAY 23 2007 MAGNETIC CLOUD

GS is applied to STEREO-A yielding a   

-60°inclination to the ecliptic 

The correlation with WIND observations 

is calculated and optimized 

The model can yield reasonable results 

over a distance of ~0.1 AU perpendicular 

to MC axis

A guideline for use of single-spacecraft 

GS reconstruction can be found in Möstl

et al. (2009, Sol. Phys. STEREO Topical 

Issue) as well as results on the internal 

MC structure (almost force-free and 

unexpectedly twisted field lines) 

��� � Field line turns per AU vs. distance from axis
CME DIRECTION

Mierla et al. (2008): 

longitude. -2°; latitude -27°

Srivastava et al. (2009): 11°/ -30°

Velocity: 545 km/s (Vproj=275 

km/s) leads to a better match with

transit time (Kilpua et al., 2009, 

Sol.Phys.)

The MC axis is 3°west of the

Sun- Earth line

3D view of the MC in the heliosphere and CME directions (GSE XZ plane)view from ecliptic north

Mierla et al. 2008, Sol.Phys.


