Linking remote imagery of two coronal mass ejection
to their in situ signatures at 1 AU
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CONTEXT

» What do we learn from CME events which can be
followed to 1 AU with STEREO / SECCHI and are then
measured in situ in the solar wind as ICMEs? A lot!

® Two events: ICMEs on June 6 2008 and Feb 18 2009
(for the June 2008 event see also Mostl et al. ApJL, 2009 , in
revision).

* Plasma bulk parameters and magnetic field observations for
STEREO are delivered by the PLASTIC (Galvin et al., 2008) and
IMPACT (Luhmann et al., 2008) instruments at 1-minute time

resolution.

CME seen: (a) along the axis
* Cremades and Bothmer 2004 A&A: (b) perpendicular to axis
« CME morphology is® L]
related to the orientation

of the flux rope

* When a CME passes
over the position of a
spacecraft in the HI
images this can be
checked

(b)

ICME ON JUNE 6 2008

= Observed by STEREO-B in situ and STEREO-A COR/HI
= very slow CME ~ 100 km/s initial velocity and no flare or
any other on-disk activity (Robbrecht et al. ApJ 2009)

= Comparing HI images with in situ data shows:

Inclination of ~45 degrees is reflected by in the arc-like
appearance of the CME core

Northern part vanishes earlier than southern part —
this part is tilted away from the observer

Three part structure: in situ density peaks correspond
to the leading edge and core - maybe made up of
material originating in the corona + swept up material
during propagation (double density peaks)

CME directions are consistent  to within 15 degrees:
Triangulation (TR, Temmer et al. 2009), Forward modelling
(FM, Thernisien et al. 2009), Elongation fitting (EF, Sheeley
et al.) and Kinematic-Fixed Phi-Method (KP, Kahler and
Webb 2007).
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(1) IN SITU (STEREO-B)
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(4) Sketch of the event geometry

+« Magnetic field and plasma
data (STEREO-B). A flux rope  CME
with an axis orientation
roughly in the solar .CMI.E
equatorial plane  pointing direction
. +—— Flux rope towards solar east
shock R P (negative B) is seen following - ~ Thomson
a forward shock. surface
ICME axis
~ ~
Venus \
“——— (3) HELIOSPHERIC -
~ N IMAGERS (STEREO A)
CME can be followed in HI2A to ~16 Feb 12 UT
(2) EUVI-B 195 - Feb 14 07:25 Thus a 2-day gap to the ICME!
/ \

/('1) IN SITU (STEREO-B)

Magnetic field and plasma data (STEREO-B). The
interval between the two middle solid lines is used for
the reconstruction, the two outer solid lines indicate
the forward and reverse shock. Dashed lines are the
arrival times  from the elongation fitting method for the
CME leading edge (left) and CME core (right).

EUVI-B 195
Jun 110:46

No active
region,
no filament
eruption

(5) DIRECTION and GEOMETRY/
3D plot of the local MFR reconstruction in the

heliosphere (color contour) in a coordinate system

centered on STEREO-B, seen from north looking

down on the RT plane (close to the solar equatorial

plane, left) and from another view point (right). The

black contours are the intersections of the MFR model

with the RT plane.

Blue triangle => STEREO-B

black diamond => Wind

red X => STEREO A.

Blue sphere => STEREO-A Thomson surface
Yellow sphere=> COR?2 field of view (15 Rs)
CME directions from different methods
indicated

as well as the HI1 and HI2 field of views.

are

(3) HELIOSPHERIC IMAGERS
(STEREO-A)

E=Earth B= STEREO-B. Leading edge and core are
indicated by yellow crosses. The last image was
taken approximately at the shock arrival time at
STEREO-B (15:35 UT). Note the distinct appearance
of the CME in both FoVs as an arc-like shape, i.e. a
CME seen perpendicular to the axis of symmetry.

ICME ON FEBRUARY 18 2009

» ICME seen by STEREO-B, shock, sheath and
rough magnetic flux rope

Preliminary inspection shows:

* STEREO A sees a much more compact CME with
a smaller angular width and ring-like morphology

* The CME cannot be completely followed to 1 AU
(probably too far behind the Thomson surface,
Vourlidas and Howard 2006, Morrill et al. 2009)

® The in situ flux rope has a low axis inclination
compared to the June 2008 event

¢ Consistent with the Cremades and Bothmer

(2004) interpretation of CME morphology — this
CME is seen along its axis

= Connected to B2 flare/EUVI wave on 13 Feb 2009
(Patsourakos et al. 2009, Kienreich et al. 2009)

(4) SUN-EARTH TIME-DISTANCE PLOT

Time-distance plot of the CME leading edge and core.
Elongation converted to distance with Point-P and
Fixed-Phi methods. The bottom panel shows the
STEREO-A/COR2 and SOHO/LASCO observations
used for the triangulation method.

CONCLUSIONS

« Solar minimum conditions are favourable to
link CMEs seen in situ with heliospheric images

= The inclination of the magnetic flux rope is
reflected in the CME morphology

¢ The three part structure of the CME is
explained with the in-situ density peaks bracketing
the magnetic flux rope part of the ICME

= In general the effects of Thomson scattering
and LOS integration will complicate this kind of
studies (e.g. Lugaz et al. ApJL, 2008)

= Forecasting the geoeffects of CMEs should be
possible not only from solar disk observations
but also from heliospheric images
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