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Abstract We present results from the comparison of the near-Sun and in situ analysis of
two Earth-directed coronal mass ejections (CMEs) with different 3D orientations and solar
source region characteristics. The CME on 14 July 2000, the so-called Bastille Day storm, a
well-studied event, was observed from a single-point perspective by the Large Angle and
Spectrometric Coronagraph (LASCO) onboard the Solar and Heliospheric Observatory
(SOHO). It caused a major geomagnetic storm with a peak Kp of 9. The CME originated
from a magnetic bipolar photospheric source region with the polarity inversion line being
oriented rather parallel to the heliographic equator. In contrast, the CME on 29 September
2013, which caused a geomagnetic storm with a peak Kp intensity of 8-, originated from a
magnetic quadrupolar photospheric source region with the polarity inversion line between
the two bipoles almost vertically oriented with respect to the heliographic equator. The re-
sults of a graduated cylindrical shell (GCS) analysis of the CMEs near the Sun are compared
with the minimum variance analysis (MVA) of the magnetic field structure of the interplane-
tary CME (ICME) measured in situ near Earth’s orbit. The results are in good agreement for
the September 2013 CME and ICME, whereas the July 2000 ICME appears substantially in-
clined near Earth’s orbit. The discrepancy can likely be explained taking into account kinks
in the CME’s near-Sun structure of the CME that expands into the interplanetary medium.
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1. Introduction

Impulsive expulsions of magnetised plasma from the solar corona are called coronal mass
ejections (CMEs, see e.g. Gosling, 1990; Webb and Howard, 2012). Fast CMEs are the
drivers of major space weather effects in the heliosphere (e.g. Bothmer and Daglis, 2007;
Gopalswamy, 2016). The strongest geomagnetic storms can be linked to the impact of in-
terplanetary CMEs (ICMEs) on Earth’s magnetosphere (e.g. Bothmer and Schwenn, 1995).
The strength of a geomagnetic storm depends on the first order on two main characteristics
of the ICME: its velocity, v, and the strength of its southward magnetic field, Bz, in geo-
centric solar magnetospheric (GSM) coordinates (e.g. Murayama, 1982; Lockwood et al.,
2013). CMEs were first detected in the early 1970s by coronagraphs onboard the Orbit-
ing Solar Observatory (OSO) 7 and Skylab (Tousey, Howard, and Koomen, 1974; Gosling
et al., 1974). To date, we are in a unique situation because we are able to observe CMEs
from multipoint perspectives with coronagraphs onboard the twin Solar Terrestrial Rela-
tions Observatory spacecraft (STEREO: Kaiser, 2005) and onboard the Solar and Helio-
spheric Observatory (SOHO: Domingo, Fleck, and Poland, 1995). To study the solar source
regions of CMEs and their in situ properties at 1 AU, SOHO/Extreme Ultraviolet Imaging
Telescope (EIT: Delaboudinière et al., 1995) and Michelson Doppler Imager (MDI: Scher-
rer et al., 1995), Solar Dynamics Observatory (SDO: Pesnell, Thompson, and Chamberlin,
2012)/Advanced Imaging Assembly (AIA: Lemen et al., 2012) and Helioseismic Magnetic
Imager (HMI: Schou et al., 2012) data and in situ solar wind measurements of the Advanced
Composition Explorer (ACE: Stone et al., 1998) have been investigated.

The SOHO/Large Angle and Spectrometric Coronagraph (LASCO: Brueckner et al.,
1995) C2 and C3 coronagraphs led Cremades and Bothmer (2004) to investigate the typical
three-part structure of CMEs, consisting of a bright front, a dark cavity, and a bright core
containing prominence material (Fisher and Poland, 1981; Illing and Hundhausen, 1985)
with respect to the structure of their low coronal and photospheric source regions. The au-
thors found that the topology of CMEs observed in the LASCO C2 field of view (FOV)
can be classified according to a basic scheme in which the fundamental parameters are the
heliographic position and orientation of the source region (SR) neutral line separating the
opposite magnetic polarities and the overlying magnetic loops. The three-part structure can
be explained with a magnetic flux rope (FR) configuration that depends on the SR mag-
netic polarity orientation and the hemispheric helicity dependence (Bothmer and Schwenn,
1998), supporting the findings by Marubashi (1986). Riley et al. (2008) showed with mag-
netohydrodynamics (MHD) simulations that the FR corresponds to the dark cavity, and that
the post-shock sheath material identified in in situ observations can be explained as piled-up
ambient solar wind material ahead of the bright leading edge. In December 2008, when the
two STEREO satellites were separated by about 90◦ in ecliptic longitude, a flux rope struc-
ture was found to match the stereoscopic CME observations, with the event being tracked all
along the Sun–Earth line (Davis et al., 2009; DeForest, Howard, and McComas, 2013). The
graduated cylindrical shell model (GCS), describing a flux rope configuration, developed
by Thernisien, Howard, and Vourlidas (2006), based on the CME scheme proposed by Cre-
mades and Bothmer (2004), has become a widely accepted modelling method (Thernisien,
2011; Bosman et al., 2012). The magnetic flux rope nature of CMEs in coronagraph obser-
vations is further supported by the studies of Vourlidas et al. (2013) and Vourlidas (2014).
Bothmer (2003) has reported a number of uniquely associated ICMEs measured by ACE
and Wind near 1 AU whose magnetic configuration matched the basic magnetic cloud (MC)
scheme introduced by Bothmer and Schwenn (1998) and Bothmer and Rust (2013). A re-
cent study by Marubashi et al. (2015) supports this view and further considers cases in which
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CMEs may have been hit in situ at their flanks rather than near their cores. However, there
are also studies where the magnetic configurations inferred in situ do not seem to match
those derived from the associated photospheric SRs (e.g. Yurchyshyn et al., 2001). Savani
et al. (2015) have pointed out that modifications to the simplified Bothmer and Schwenn
(1998) scheme may be applied to CME source regions with quadrupolar field configura-
tions. This was also indicated by Bothmer and Zhukov (2007), who also mentioned that FR
structures could be more complex in cases of underlying photospheric fields with curved
and kinked polarity inversion lines and through interactions of CMEs with ambient coronal
fields. Detailed studies connecting SR characteristics and CME remote-sensing and in situ
ICME observations are therefore important to further clarify the underlying physical mech-
anisms and to enable more reliable space weather forecasts. This is the aim of this study,
in which we present two case studies of near disc-centred SRs that caused Earth-directed
ICMEs. The event in July 2000 is the so-called Bastille Day storm, which has been the sub-
ject of a number of studies (e.g. Manoharan et al., 2001). The other event was observed in
September 2013. Section 2 describes the remote-sensing and in situ observations, followed
by an analysis of the data in Section 3 and a summary of the results in Section 4.

2. Observations

2.1. CME on 14 July 2000

On 14 July 2000, EIT onboard the SOHO satellite observed a strong flare released from
NOAA active region (AR) 9077, located near the solar equator, close to the central meridian
(N16.8 E0.21) at 10:13 UT. The flare reached an X-ray level of X5.7 and is well known
as the Bastille Day event. It has been discussed in a number of articles published in Solar
Physics (204, issue 1 – 2, 2001). The first two rows of Figure 1 show the flare and CME SR
location in EIT 304 Å images at 07:19 UT and at 12:36 UT, i.e. before and after the flare
onset and CME ejection. The EIT images have been processed with SolarSoft1 routines. The
corresponding MDI line-of-sight magnetograms at 08:00 UT are shown in the bottom row
of Figure 1. After the flare, a post-eruptive arcade (PEA) was visible in EIT 304 Å along the
neutral line of AR 9077, a typical coronal signature associated with CME events (Tripathi,
Bothmer, and Cremades, 2004; Cremades and Bothmer, 2004).

The CME associated with this flare was visible in LASCO C2 at 10:54 UT as a full-halo
CME (Bothmer and Daglis, 2007). It is only visible in a few C2 and C3 images because
of solar energetic particle (SEP) impacts on the LASCO CCDs. Figures 2a and b show the
GCS FR fits. The specific results are discussed in Section 3 together with the analysis of the
in situ measurements.

The solar wind measurements from the Wind satellite, shown in Figure 3, reveal that the
ICME arrived at L1, around 19:00 UT on 15 July, after a transit time (TT) of 33 hours,
discernible through the intense solar wind magnetic field strength and out of ecliptic field
rotation from south to north, as visible in the polar angle, θB . The ICME is preceded by
a shock wave, noticeable as a jump to about 1100 km s−1 in the velocity measurements at
14:35 UT (Bothmer and Daglis, 2007). The ICME caused an intense geomagnetic storm
with a Kp of 8, 9-, 9, and 9- during the daily fifth, sixth, seventh, and eighth three-hour
intervals on 15 July and 8- during the first three hours on 16 July. A peak minimum Dst

1http://www.lmsal.com/solarsoft/.

http://www.lmsal.com/solarsoft/
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Figure 1 SR for the July 2000 CME event observed with SOHO/EIT and MDI. Top row: EIT 304 Å image
taken at 07:19 UT. The SR is located at the central meridian and north of the heliographic equator. Middle
row: EIT images taken at 12:36 UTC showing the typical PEAs after the CME launch. Bottom row: MDI
line-of-sight magnetogram showing the magnetic structure of the CME photospheric SR. Black denotes the
magnetic polarity directed towards the Sun, white denotes opposite-directed fields. The polarity inversion line
is shown in green in the zoom in the right-hand bottom panel.
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Figure 2 GCS modelling results of the Bastille Day event seen by (a) SOHO/LASCO C2 at 10:53 UTC and
(b) C3 at 11:17 UTC. The yellow grid shows the FR fitted with the GCS model. The noise in image in panel
(b) is a result of SEPs oversaturating pixels of the CCD.

Figure 3 Solar wind parameters
measured by the Wind and
Geotail satellites from 15 to 17
July 2000. From top to bottom:
total magnetic field magnitude,
B , polar angle, θB , azimuthal
angle, φB , proton velocity, v,
proton number density, Np , and
thermal velocity of protons,
vthp . The shock arrival is
marked by a solid line, while the
ICME start and end times are
labelled with dashed lines.
Adapted from Bothmer and
Daglis (2007). Courtesy: Lepping
et al. (2001).

value of −301 nT was reported by the Kyoto World Data Center for Geomagnetism.2 The
analysis of the in situ magnetic field structure of the ICME is discussed in Section 3 together
with the GCS results.

2http://wdc.kugi.kyoto-u.ac.jp/.

http://wdc.kugi.kyoto-u.ac.jp/
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2.2. CME on 29 September 2013

A large filament disappearance was observed around 20:00 UT on 29 September 2013, as
shown in the SDO/AIA images in the top row of Figure 4. It should be noted that in asso-
ciation with this event, a C1.2 class X-ray flare was detected at 21:43 UT at N10 W33. The
location of the elongated filament in the top right image of Figure 4 was N40 W20 to N5
W40, i.e. it was oriented almost normal to the solar equator, with a reverse S-shaped struc-
ture typical for the northern hemispheric events (Canfield, Hudson, and McKenzie, 1999).

The SDO/HMI observations shown in the bottom row of Figure 4 reveal that the filament
was located between two bipolar regions above which a post-eruptive arcade formed after
the CME liftoff (Figure 4, middle row). A detailed characterisation of the filament, the pho-
tospheric SR, and the eruption details can be found in Palacios et al. (2015). The associated
CME was first observed in the FOV of the Sun Earth Connection Coronal and Heliospheric
Investigation (SECCHI: Howard et al., 2008) COR1 A instrument, onboard STEREO, on 29
September at 21:45 UT. In the COR1 A, COR2 A, C2, and C3 images, the CME appears as a
partial halo, while a full halo was seen in COR1 B and COR2 B. The multipoint observations
of the evolving CME are shown in Figure 5 together with the GCS modelled FR grid that is
applied to all three viewing perspectives and the positions of the three satellites. The specific
GCS results for the July 2000 event are discussed in Section 3 together with the analysis of
the in situ ICME magnetic field data. It is obvious from Figure 5 that the filament material
appears in remarkable detail in the different coronagraph images, while the bright shock
material ahead of the CME is only clearly visible in COR2 A and B. Shocks in white-light
images have previously been identified and interpreted by Sheeley et al. (1999), Vourlidas
and Ontiveros (2009) and analysed by Volpes and Bothmer (2015). A good overview on
CME and shock research has been provided by Gopalswamy (2016). According to the in
situ solar wind data of ACE shown in Figure 6, the ICME shock arrived at 02:00 UT on
2 October 2013, as identified from simultaneous jumps in the hourly averages of the mag-
netic field magnitude, B , from 5 nT to 20 nT, with a subsequent peak value of 33 nT, and
the solar wind velocity, v, increasing from below 400 km s−1 to around 600 km s−1. Gaps
in the data are due to missing availability of ACE science level 2 data. The arrival time of
the ICME leading edge is identified from the drop in the solar wind density and temperature
measurements around 00:00 UT on 3 October, which implies a TT of the ICME of about
76 hours. In this case, a geomagnetic storm with a peak Kp of 8- in the three-hour interval
from 3:00 to 6:00 UT on 2 October was triggered. The peak minimum Dst was only −60 nT
as reported in the provisional Dst data provided by the Kyoto World Data Center for Geo-
magnetism. The results of the analysis of the ICME magnetic field structure are discussed
together with the GCS results in Section 3.

3. Analysis and Results

3.1. Near-Sun GCS Modelling of CMEs

To model the CME near-Sun global structure, the GCS method, as described in Thernisien,
Howard, and Vourlidas (2006), was applied to both events using time series of processed
images from the STEREO/SECCHI COR1 A and B, COR2 A and B, and SOHO/LASCO
C2 and C3 instruments. Only LASCO C2 and C3 data exist for the first event, but because
of the overall set of observations, this fact was not considered to be critical to compare the
two selected events. For a detailed discussion of the uncertainties of the GCS parameters, we
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Figure 4 SR for the 29 September 2013 CME event observed with SDO/AIA and HMI. Top row: SDO/AIA
304 Å images taken at 20:13 and 23:43 UTC showing a large filament. Middle row: The PEA after the
disappearance of the filament. Zoomed images are shown in the right column. Bottom row: SDO/HMI mag-
netograms taken at 23:43 UT. The filament was located between two large bipolar magnetic regions.
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Figure 5 Event on 29 September 2013 observed by the coronagraphs. (a) and (b): STEREO/COR 2A and B
images at 23:39 UT. (c): SOHO/LASCO C3 at 01:39 UT 30 September 2013 image. The modelled GCS flux
rope is represented by the yellow grid. (d): The positions of the satellites are shown with the STEREO Orbit
Tool (http://stereo-ssc.nascom.nasa.gov/where.shtml).

refer to the statistical results of Thernisien, Vourlidas, and Howard (2009). The error of the
GCS tilt angle, derived from the fitting procedures, is found to be of the order of 22◦. In the
case of the July 2000 CME, for which only single-point SOHO observations were available,
the height, h, the half-angle, α, and the aspect ratio, κ , cannot be fitted fully independently
of each other. The full GCS parameters cannot be derived, but the determined orientation is
expected to be close to the true orientation because of the disc-centred SR orientation and
the face-on view of the CME, which propagated towards the Earth’s orbit. Moreover, the
identification of bright CME features in the west and east allows a good separation of shock
material and the CME body (Andrews, 2001). Because of the acceleration phase of CMEs
over the first solar radii, as explained by Lorentz forces (Michalek et al., 2015; Sachdeva
et al., 2015), the CME velocity cannot be considered to be constant. Therefore the near-
Sun CME velocity was determined through height time profiles of the GCS fits near the
outer edge of the COR2 FOV for a distance of 12 R�, which makes the initial velocities

http://stereo-ssc.nascom.nasa.gov/where.shtml
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Figure 6 ACE solar wind measurements from 30 September to 6 October 2013. During the event, there were
data gaps in the ACE science data in the density and temperature measurements. The parameters from top to
bottom are the total magnetic field strength, |B|, the total magnetic field strength, |B|, with the Bz-component
(light blue), the field azimuthal angle, φB , the proton velocity v, the proton density, Np , and the tempera-
ture, T . The interplanetary shock is denoted by a solid line. The ICME start and end times are marked with
dashed lines.

Table 1 GCS modelling parameters for the July 2000 and September 2013 CME events: FR apex position
projected on the solar disc (coordinates are in the Carrington (Carr.) and in the heliospheric Earth equato-
rial coordinate system (HEEQ)), tilt angle, γ , aspect ratio, κ , and half-angle, α (Thernisien, Vourlidas, and
Howard, 2009), and CME velocity, vini, determined for a solar distance of 12 R� based on subsequent GCS
fits under assumption of self-similar expansion. The in situ ICME speeds, vL1, are listed for comparison.

Event Long. [◦] Long. [◦] Lat. [◦] γ [◦] κ [%] α [◦] vini vL1

(Carr.) (HEEQ) [km s−1]

2000/07/14 316 7 10 −3 0.47 70 1713+87
−122 1100

2013/09/29 8 30 26 −68 0.59 61 1398 ± 50 550

of CMEs more comparable. The derived GCS parameters and determined velocities are
summarised in Table 1 together with the in situ velocities and transit times for comparison.
The tilt angle of the CME based on the GCS modelling was found to be γ = −3◦, i.e.
almost horizontal with respect to the solar equator. The speed decrease from 1713 km s−1

near the Sun to 1100 km s−1 at L1 is in agreement with the assumption that fast CMEs
are decelerated by drag effects through interaction with the ambient solar wind (Vršnak
et al., 2010). The results of the GCS modelling for the 29 September 2013 CME based on
multipoint observations from STEREO A and B and SOHO yielded a tilt angle of γ = 68◦,
in agreement with the orientation of the polarity inversion line, PEA, and filament, all being
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oriented almost perpendicular to the solar equator. In this case, the kinked filament structure
was also clearly visible in the coronagraph images, so that modelling in such cases likely
requires more complexity. This CME has also been modelled by Wood et al. (2016), who
obtained a similar result for the flux rope inclination. For the location of the SR on the solar
disc we assume that the centre of the EUV post-eruptive arcade is a good approximation.
In the July event, the SR was located at N13 E01 and in September 2013 at N08 W28. The
calculated position of the FR apex with GCS was N10 W07 in July 2000 and N26 W30 in
September 2013. The corresponding X-flare locations were N17 E00 in the 2000 and N10
W33 in the 2013 event. The results are in good agreement, considering that CMEs have been
observed to be deflected and flares do not need to occur near the SR centre.

3.2. MVA Analysis of the In Situ ICME Magnetic Field Structures
and Comparison with GCS Results

A commonly used method to infer the orientation of the ICME FR is the minimum variance
analysis (MVA) as described in Bothmer and Schwenn (1998). The analysis was carried out
for the in situ magnetic field data from ACE for the ICME period 15 July 19:00 UT until
16 July 9:00 UT labelled in Figure 3. It should be noted that the data shown in Figure 3 are
from the Wind satellite, for which the plasma data have been corrected for contamination
by solar energetic particles as described in Lepping et al. (2001). The MVA routines were
standardised for the ACE dataset because of forecast tools established for the Advanced
Forecast For Ensuring Communications Through Space (AFFECTS) space weather project.3

The MVA of hourly averaged magnetic field data yielded the angles φ = 69◦ and θ = 46◦
for the direction of medium variance in the GSE system, i.e. the ICME axis was found to
be inclined along the direction from north-east to south-west, as shown in the bottom right
diagram of Figure 7. The ratio of the eigenvalues of medium to minimum variance was 2.6,
thus fulfilling the required conditions for reliable MVA results.

Based on the rotation of the magnetic field vector, the magnetic cloud type of the ICME
was south-east-north (SEN), i.e. of left-handed magnetic helicity according to the scheme
introduced by Bothmer and Schwenn (1998). Compared with the polarities of the SR as
inferred from the SOHO/MDI magnetogram shown in Figure 1, this is in agreement with
what is expected according to the basic scheme for SR–FR–ICME relationships of northern
solar hemispheric origin as proposed by Bothmer and Schwenn (1998) and Bothmer and
Rust (2013). In the same way as for the July 2000 event, we applied the MVA method to
ACE data for the ICME time period indicated in Figure 6. The MVA of the hourly averaged
magnetic field data in this case yielded φ = 125◦ and θ = 56◦ for the direction of medium
variance in the GSE system, i.e. the ICME axis was found to be inclined from south-west to
north-east, as shown in the bottom right diagram of Figure 8. The ratio of the eigenvalues of
medium to minimum variance was 13. According to the Bothmer and Schwenn scheme, in
this case, the magnetic field type is east-north-west (ENW), i.e. of left-handed magnetic he-
licity, again as expected for a northern hemispheric origin of an ICME and in agreement with
the photospheric magnetic polarities of the SR, as shown in the SDO/HMI magnetogram in
Figure 4.

In the next step, we compare the results from the ICME MVA analysis with the results
derived from the near-Sun CME GCS analysis. Since the GCS parameters are given in helio-
centric Earth equatorial (HEEQ) coordinates, we transformed them into the GSE system to
allow a unique comparison of the results. The effect of the inclined solar rotation axis with

3http://www.affects-fp7.eu.

http://www.affects-fp7.eu
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Figure 7 Results of the MVA for the ICME encountered by ACE from 15 July 2000 at 19:00 UT to 16 July
2000 9:00 UT, after a disc-centred CME liftoff on 14 July 2000. (a): The magnetic field rotation in the plane
of maximum and medium variance. (d): The magnetic field variation in the plane of minimum and maximum
variance. (b), (c), and (e): The variations in geocentric solar ecliptic (GSE) coordinates, with the blue diamond
representing the average value of all data points. The units of the field strength are in nT. (f): The directions of
the minimum (red) and maximum orientations in the GSE system. The FR axis, i.e. the direction of medium
variance, is represented by the green line. The yellow dot represents the direction to the Sun.

Table 2 GCS and MVA results for the CME and ICME events. From left to right, the parameters are the GCS
tilt angle, the GCS tilt angle transformed into the GSE coordinate system, the aspect ratio and half-angle, the
MVA axis tilt angle, and the longitudinal direction in GSE coordinates.

Event GCS MVA

γ [◦] γ ′ [◦] κ [%] α [◦] φ [◦] θ [◦]

14 Jul. 2000 −3 1 0.47 70 69 46

29 Sep. 2013 −68 61 0.59 61 125 56

respect to the ecliptic plane is small, as expected, and is most noticeable for the September
2013 event. All values are listed in Table 2.

In the case of the September–October 2013 event, the inclination of the ICME FR axis,
being θ = 56◦ with respect to the ecliptic plane, is in agreement with the inclination derived
from the near-Sun GCS modelling. The tilt of the fitted GCS FR transformed to the GSE
system is γ = 61◦ with respect to the ecliptic plane. In contrast, in the July 2000 event,
the inclination of the ICME FR axis, which was found to be θ = 46◦ with respect to the
ecliptic plane in the GSE system, strongly deviates from the GCS modelling result, yielding
a horizontal orientation of the near-Sun CME FR with γ = 1◦. The discrepancy in this case
may be explained by taking into account the kinked structure of the PEA and PIL identified
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Figure 8 Results of the MVA for the ICME encountered by ACE from 3 October 2013 at 0:00 UT to
19:00 UT. (a): The magnetic field rotation in the plane of maximum and medium variance. (d): The magnetic
field variation in the plane of minimum and maximum variance. (b), (c), and (e): The variations in geocentric
solar ecliptic (GSE) coordinates, with the blue diamond representing the average value of all data points. The
units of the field strength are in nT. (f): The directions of the minimum (red) and maximum orientations in
the GSE system. The FR axis, i.e. the direction of medium variance, is represented by the green line. The
yellow dot represents the direction to the Sun.

in Figure 1 assuming that this part of the overlying FR CME would have become the ICME
part observed by ACE and Wind near Earth’ s orbit.

4. Summary

We have studied two unique CME and ICME events observed in July 2000, the well-studied
Bastille Day event, and in September–October 2013, for which multipoint remote-sensing
observations from SOHO and STEREO were available. The solar source regions were iden-
tified in SOHO/EIT and SDO/AIA EUV observations, and the magnetic characteristics were
inferred from SOHO/MDI and SDO/HMI magnetograms. The STEREO/SECCHI COR2 A
and B and SOHO/LASCO C2 and C3 data were modelled with the GCS method. The in
situ magnetic field data from the ACE satellite were analysed with the MVA method to infer
the ICME magnetic field properties. We derive the following conclusions from the compari-
son of the in situ magnetic field structure with the white-light low coronal and photospheric
characteristics:

• The July 2000 ICME was uniquely associated with a CME with an underlying bipolar
photospheric magnetic region, whereas the CME in September 2013 was associated with
an underlying quadrupolar photospheric source region.
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• The ICME magnetic field structures agree with the Bothmer and Schwenn (1998) scheme
when the quadrupolar magnetic field structure is taken into account for the September
event. The results support the suggestion by Savani et al. (2015) that the basic Bothmer
and Schwenn scheme has to be extended for such cases to predict the magnetic field
configuration of ICMEs for such cases.

• The orientation of the ICME obtained with the MVA method applied to the in situ solar
wind data agrees well with the orientation calculated from GCS modelling of the white-
light CME observations for the September–October 2013 event.

• In contrast, in case of the July 2000 event, the derived ICME orientation differs substan-
tially from the near-Sun CME orientation found from GCS modelling.

• In the July 2000 event, the earthward-facing portion of the photospheric source region
showed a kink with a consistent inclination compared to the ICME orientation observed
at 1 AU. This finding indicates that kinks in the source regions seem to be reflected in the
expanded overlying FR structure that propagates into the heliosphere as a CME.

• Kinked CMEs may better be modelled through fitting different parts of the CME indi-
vidually with the GCS method, which would facilitate more appropriate space weather
forecasts.

The further analysis of a larger set of CME events based on mulitpoint remote-sensing obser-
vations in comparison with in situ measurements of ICMEs can help clarify the importance
in deriving the magnetic structure of the earthward-expanding portion of the CMEs for en-
hancing the reliability of space weather forecasts. The results furthermore provide important
aspects for more detailed studies of CMEs and ICMEs and their solar source regions with
the upcoming Parker Solar Probe (formerly Solar Probe Plus), Solar Orbiter, and Proba3
missions and coronagraphs that are currently being developed for future operations, such as
the Solar Coronagraph for Operations (SCOPE: Middleton et al., 2016).
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