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Abstract. Based on SOHO/MDI, EIT, Yohkoh/SXT, He, and other relevant observations, we analyzed al the earth-directed
halo coronal mass gjections (CMES) in the interval from Mar. 1997 to Dec. 2003. A total of 288 earth-directed CMES were
studied and their associated surface activity events identified. Unlike the previous studies that often attributed a surface activity
event or given active region to aCME source region, this statistical analysis put emphasis on the large-scale magnetic structures
of CMEs, in which the CME-associated surface activity takes place. All the CMEs are found to be associated with large-scale
source structures. The identified large-scale structures can be grouped into four different categories: extended bipolar regions
(EBRs), transeguatorial magnetic loops, transequatorial filaments and their associated magnetic structures, and long filaments
aong the boundaries of EBRs. The relative percentages of their associated CMEs are 36%, 40%, 13%, and 11%, respectively.
The analysisindicates that CMEs are intrinsically associated with source magnetic structures on alarge spatial scale.
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1. Introduction

Coronal mass gjections (CMES) often consist of very large
structures that contain plasma and magnetic fields that are ex-
pelled from the Sun into the heliosphere (Webb, 2000). They
are believed to be the main source of strong interplanetary dis-
turbancesthat may cause intense geomagnetic storms (Gosling,
1997). Since CMEs were first detected in the 1970s, many
of their properties have been learned, such as their morphol-
ogy, geometry, mass, and dynamics (e.g. Hundhausen, 1997;
Forbes, 2000). However, some key problems about CME ori-
gins are till far from being solved, such as where they initiate
or what the characteristics of their source structures are.
Thanks to the joint observations from SOHO (Solar
& Heliospheric Observatory, 1996-present; Domingo et a.,
1995), MDI (the Michelson Doppler Imager, Scherrer et
a., 1995), EIT (the Extreme Ultraviolet Imaging Telescope,
Delaboudiniere et al., 1995), LASCO (Large Angle and
Spectrometric Coronagraph Experiment, Brueckner et a.,
1995), Yohkoh SXT (Soft X-ray Telescope, Tsuneta et al.,
1991), and the He and radio observations, more and more
scientists have revealed that CMEs are associated with the
commonest near-surface activity events like flares (Shibata
et al., 1995; Nitta & Akiyama, 1999; Zhang et a., 2001a),
eruptive filaments(Webb & Hundhausen, 1987; Delannée,
Delaboudiniére & Lamy, 2000; Zhang, Wang & Nitta, 2001b;
Subramanian & Dere, 2001), moving magnetic features (e.g.
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Vrabec, 1971; Lee, 1992; Zhang & Wang, 2002), magnetic flux
emergence (e.g. Feynman & Martin, 1995; Wang & Sheeley,
1999; Chen et a., 2000), and magnetic flux cancellations (e.g.
Martin, 1986; Wang & Shi, 1993; Zhang et al., 2001c).

More recently, Zhou, Wang, and Cao (2003) identified
closer correlations between CMEs and surface magnetic activ-
ity with a sample of 197 earth-directed CMEs. These studies
provided clues about the CME triggering processes. However,
asakind of large-scale solar activity, CMEsare very dispropor-
tional to these surface activity events being observed on such
a small scale. As an example, when a CME was associated
with a flare, it seemed that the related flare only appeared in
an active region (AR). However, most of the time, larger vol-
ume changes around the AR were observed in the corona. This
indicates, therefore, that each CME may have a corresponding
source magnetic structure that has an intrinsically large spatial
scale.

Statistics and case studies also provide hints about CME-
associated large-scale magnetic structures. X-ray or EUV dim-
mings (brightness depletions) are expected to be the very first
signature of CMEs, often originating from ARs and extend-
ing to large areas most of the time (Rust & Hildner, 1976;
Sterling & Hudson, 1997; Gopalswamy & Hanaoka, 1998;
Thompson et a., 2000). CM Es are sometimes observed arising
fromacoronal streamer, apreexisting large-scale structure (e.g.
Hundhausen, 1993; Subramanian, 1999). AR-interconnecting
or transequatorial loops observed in SXR or EUV that link the
primary flaring site and other magnetic regions are related to
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CMEs (Klimchuk et al., 1994; Khan & Hudson, 2000; Chertok,
2001; Harraet a., 2003; Cheng et a., 2005). A transequatorial
filament and its related large-scale magnetic field is al so recog-
nized as being closely linked to CMEs (Wang, 2002b, Wang,
et a., 20053, b). They suggest that a long eruptive promi-
nence and its overlying corona cavity, as well as the ambi-
ent corona, are the pre-event structures that erupt to become a
three-component CME (Webb, 2000). Thus, CMEs seemtoin-
volve both the smaller scale activity and this destabilization of
large-scale coronal structures. Since the most commonly asso-
ciated activity on asmall scale are very likely not the main driv-
ing force for CMEs (e.g. Hundhausen, 1999; Lin, 2004), it be-
comes important to understand the CME origins from the con-
figuration and evolution of rather large-scale magnetic struc-
tures.

As suggested by Zirin (1985), there might be a hierarchy
to solar activity. From tiny mini-filament eruption (Wang et
al., 2000) on the quiet Sun to flares in ARs, to global CMEs,
activity takes place on a small-scale, on AR scale, and on a
large or global scale, respectively. Each level of activity is pro-
posed as the manifestation of magnetic structures destabilizing
on the corresponding scale (Wang, 2002b). For example, flares
or AR filaments seem to be specified by the sunspot fields on
AR scale. So it is suggested that each CME may have a cor-
responding source magnetic structure with an obviously large
spatial scale. Moreover, those large-scale magnetic structures
that host CMES may appear to be an intrinsic component of so-
lar magnetism. Their destabilization, expansion, and eruption
into interplanetary space are the basic processes that lead to
CMEs.

To understand CME initiation and onset mechanisms, the
characteristic magnetic evolution of large-scale magnetic struc-
tures should be studied or else meaningful results can never be
obtained in the studies of the CME mechanism (Wang et a.,
2002c). However, there have so far been no systematic efforts
to investigate the large-scal e source structures of CMEs.

The current study attempts to determine whether or not we
can identify either sometypical large-scale magnetic structures
or patterns that may be considered as the pre-eruption mag-
netic topology or parent magnetic structures of CMEs. To make
the study useful for CME prediction, we chose the primary
data base as the commonly-accessible MDI synoptic charts,
in which large-scale magnetic structures can be adequately re-
vealed, and selected the full disc EIT and the soft X-ray and
Ha intensity structures as necessary supplements. Our purpose
was to identify a few types of large-scale structures in pho-
tospheric magnetic fields that are closely correlated with the
initiation and development of CMEs. The basic logic isto first
alocate the CME-associated activity events, say filament erup-
tions, flares, and/or relevant ARs, in the MDI magnetic synop-
tic charts, then to extract the common features of these CME-
prolific large-scale magnetic structures, and finally to develop
the necessary statistics on the different levels of CME produc-
tivity for each type of large-scale magnetic structures.

The data analysis is presented in the next section, while
Sect. 3 describes the categories of the large-scale source mag-
netic structures of CMEs. Section 4 presents the statistics, and
the conclusion and discussion are given in the last section.

2. Data analysis

The successful missions of SOHO and Yohkoh made disc ob-
servations possible, particularly for earth-directed CME initia-
tions. To avoid ambiguity in locating CME-associated surface
activity, as discussed by Feyman & Martin (1995), only earth-
directed halo CMEswereselected in our statistics. A CME with
span angle greater than 130° isreferred to asahalo CME in our
approach.

CMEs were selected from the catalog on the website of
http://cdaw.gsfc.nasa.gov/CME list/ in the interval from Mar.
1997 to Dec. 2003, as observed by LASCO aboard SOHO.
To clearly identify the earth-directed halo CMEs and to study
their large-scale source regions, many other space-borne and
ground-based observations were analyzed. We explored the
observations from the instruments EIT, LASCO, and MDI
on SOHO. In addition, Yohkoh SXT images were neces-
sary, as well as He filtergrams, which come from Big Bear
Solar Observatory (BBSO), Huairou Solar Observing Station
(HSOS), Hiraiso Solar Terrestra Research Center (HSTRC),
and Holloman Air Force Base (HAFB).

Two criteriafor identifying these earth-directed halo CMEs
are discussed in the paper by Zhou et a. (2003). Oneisthat the
associated surface activity appeared in the time interval (CME
initiation time + 30 min). Here the CME initiation time means
the approximate time of CME initiation from the solar surface.
It was obtained by inverse extrapolation of the CME front from
2.2~30 R, to 1 R, according to alinear fitting of height-time
curves based on LASCO C2/C3 observations. Most CME ini-
tiation times were taken from SOHO LASCO CME Category
(see http://cdaw.gsfc.nasa.gov/CME list/), and a small number
of them were extrapolated by the authors. The other criterion
was that the surface activity’s position identified in the EIT im-
ages was under the span of the associated CME or just near the
span edge. If both criteria were satisfied, the CME was con-
sidered to be Earth-directed. A total of 288 earth-directed halo
CMEs from Mar. 1997 to Dec. 2003 were identified well.

This database provided nearly complete temporal cover-
age of the observations. The MDI synoptic charts in particu-
lar provide a good opportunity for studying large-scale source
regions of CMEs. Most CMEs, whatever their associated sur-
face activity, areinitiated within some type of large-scale, well-
organized, magnetic field regions (Hundhausen, 1988). To ex-
plore the properties of large-scale magnetic structures, the po-
sitions of CME-associated surface activity in EIT observations
were allocated to the corresponding MDI synoptic charts. As
shown in Fig. 1, aCME-associated flare on April 26, 2001 was
identified from an EIT image (see the black arrow), with its
central location (N23WO05) considered as the CME initiation
site. Thisinitiation site was further allocated on the correspond-
ing MDI synoptic chart (asterisk in the left panel). Then, wein-
vestigated the large-scale source structures of all the 288 earth-
directed CMEs by combining the MDI synoptic charts with the
other SXR, EUV, and Ha observations.

From the MDI synoptic charts, it was found that the CME
initiation sites are often located in some large-scale magnetic
structures that present regular magnetic morphologies in the
photosphere. One of them is of particular interest: coherent
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large-scale bipolar flux region. By coherent we mean that the
large-scale magnetic bipoles follow the Hale polarity law for
ARs in each solar cycle and also change their magnetic ori-
entations from one cycle to ancther cycle. It is natural to call
these large-scale magnetic structures extended bipolar regions
(EBRS) (see theright panel of Fig. 1). In the 23rd Solar Cycle,
the leading polarity of an EBR in the northern hemisphere is
positive, while negative in the southern hemisphere.

The size of an EBR in this study falls in the range of 34°
~ 197° in longitude and of 33° ~ 83° in latitude. As an entity,
an EBR region involves flares, ARs and quiescent filaments,
magnetic flux eruption, and magnetic shearing (Feynman &
Hundhausen, 1994; Feynman, 1997). All these surface activ-
ity events are observed to be possibly associated with CMEs.
Although it is not known exactly whether EBRs are the parent
magnetic structures of CMEs, many CMEs have been found
to close correlate with EBRs. Therefore, they are considered
as a form of large-scale magnetic field structure that is asso-
ciated with CME initiation. In order to show the large-scale
background magnetic structures more clearly, we sometimes
smoothed the M DI synoptic data over 10~20 pixels.

3. Categories of CME large-scale source
structures

Based on the combined analysis of MDI magnetic field data
and other multiple-wavelength observations, the large-scale
source structures of CMEs were classified into four different
categories (see Fig. 2): Category One (C1), EBRs (top row);
Category Two (C2), transequatorial magnetic loops (the sec-
ond row); Category Three (C3), transequatoria filaments and
their associated magnetic fields (the third row); and Category
Four (C4), long filaments along the boundary of EBRs ( bottom
row). The asterisks in the figure indicate the CME initiation
sitesin MDI synoptic charts.

3.1. Category One, EBRs

After alocating the CME initiation sites in the corresponding
MDI synoptic charts, we found that alarge fraction of them are
situated in EBRs. There are two kinds of association between
CMEs and magnetic activity that appear inside EBRS as indi-
cated inthetop two panelsof Fig. 2. Oneisthat CMEs are asso-
ciated with long filament eruptions above the magnetic neutral
lines (polarity inversion lines) of the EBR, whichwewill call as
C1(a). The eruptive filaments can be identified from both EIT
images and Ha filtergrams. They often have same lengths as
the EBR neutral lines (see the black linein the top left panel of
Fig. 2). The other C1(b) isthat CMEs arerelated to AR activity
in EBRs (top right panel of Fig. 2). The AR activity eventsin-
cludeflares, AR filament eruptions, magnetic surges, and possi-
ble magnetic flux changes. There are 104 CMEs whose source
structures were identified as EBRs. Two examples are demon-
strated to explain the two kinds of associationsin this category.

The first example is a CME that occurred on Oct. 25 1999
associated with a filament eruption in an EBR. The leading
edge of the halo CME first appeared southward at 14:06 UT

in the field of view of LASCO C2 (see Fig. 3A). The associ-
ated filament eruption began at 13:36 UT. The post-flare loops
that formed after itseruption are shown in EI'T images (arrow in
Fig. 3B). Thefilament inits pre-eruption stage can be observed
clearly in an Ha filtergram (Fig. 3C). By dlocating the CME
associated surface activity in the corresponding MDI synoptic
chart in Carrington Rotation (CR) 1955 (Fig. 3D), it can be
seen that the Ha filament is at the site of an EBR neutral linein
the southern hemisphere. The quadranglesin Figs. 3C and 3D
outline the same filament in the Ha: image and the MDI syn-
optic chart, respectively. With the same identifying method, 41
CMEs are found to relate to long eruptive filaments above the
magnetic neutral lines of EBRSs.

The remaining 63 CMEs in this category were recognized
to be associated with AR activity in EBRs. The associated ARs
were in the close vicinity of the EBR neutral lines. Figure 4
shows the second exampl e that belongsto thiskind of CME. A
CME on July 26, 2002 first appeared at 22:06 UT in the field
of view of LASCO C2 and continuously spread southeastward
(see Fig. 4A). Its associated flare started at about 21:00 UT
in the position of S22E22 according to EIT observations (e.g.,
Fig. 4B). There were AR filaments (see Fig. 4C) erupting in
the AR that accompanied the flare activity. After locating the
CME-associated AR activity in the MDI synoptic chart in CR
1992, we found that the relevant AR was located in an EBR,
a coherent large-scale magnetic structure as shown in Fig. 4D.
The EBR is illustrated even more clearly by artificialy weak-
ening its surrounding magnetic features. A dash in Fig. 4D in-
dicatesthe EBR neutral line, near which the associated AR lies.

Intota, thereare 104 CMEsinitiated in EBRs, which them-
selves constitute 36% of all the 288 earth-directed halo CMEs.

3.2. Category Two: transequatorial magnetic loops

The second category discerned for CM E-associated large-scale
structures is comprised of transequatorial magnetic loops, evi-
dence of which was first observed in Skylab X-ray data (e.g.,
Chase et dl., 1976; Svestka et al., 1977; Pevtsov, 2000). They
may develop between existing ARs or between a mature re-
gion and new magnetic flux shortly after flux emergence.
Approximately one-third of all ARs on the Sun exhibit transe-
quatorial loops (Pevtsov, 2000). Harra et a. (2003) discovered
flare behavior of transequatorial magnetic loops. As shown in
the second row of Fig. 2, the CME-associated transequatorial
loops observed in EIT or SXT images are overlaid in the cor-
responding MDI synoptic charts. They are represented by solid
lines, and they stride the opposite solar hemispheres. During
the erupting process of CME-associated surface activity, the
plasma within the loop forms part of the CME material.

Figure 5 presents a CME on Nov. 5, 1998 where its large-
scale source structure is recognized as a transequatorial 1oop.
From the LASCO C2 observations (see Fig. 5A), we find that
the CME propagated northwest from its first appearance at
20:44 UT. Its associated surface activity, a GOES M8.4 flare,
began at 19:00 UT in the position of N22W18 identified from
the EIT image (black arrow in Fig. 5B). The flare is spatially
and temporally associated with transequatoria loops in Fig.
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5B. The X-ray analog of the transequatorial loopsis also seen
inthe SXT image (arrow in Fig. 5C). Figure 5D showstheflare
and the transequatorial loop in the corresponding MDI synop-
tic chart in CR 1942. The transequatorial loops connect acom-
plex AR in the northern hemisphere with a plage region in the
southern hemisphere. All together, they constitute alarge-scale
source structure of the CME.

In order to get some idea of the height of the identified
transequatorial loops observed from EIT or SXT images, we
selected an associated transequatorial loop on Nov. 6 1997,
where the distance between the two footpointsis very long, as
an example. It was assumed that the distance between two foot-
points of a transequatorial loop was directly proportional to its
height. We calculated the loop’s height following Loughhead,
Wang, and Blows (1983). This method is based on the assump-
tionsthat (1) the loop’s central axisliesin aplane, (2) its foot-
points can be located, and (3) it is symmetrical initsown plane
about an axis at right angles to the line joining the footpoints.
As aresult, we get the loop’s height of 4.2x10° km. For this
example, the distance between two footpoints of the observed
X-ray loop is 6.4x10° km in heliographic coordinates, and its
height is 2/3 of its footpoint distance. It would be quite safe
to assume that the height of a transequatoria loop is 0.5 -
1.0 times of its footpoint distance by considering the differ-
ent shapes of the loops. Since the distance between the foot-
points of this transequatorial loop was almost the longest one
in our sample, we estimated that the height range of the transe-
quatorial loops identified in our work, which can be observed
from EIT or SXT images, may not be more than 5.0x10° km.
However, using the extrapolation method of a potential mag-
netic field (Wang, et al., 20024), it isfound that part of the asso-
ciated transequatorial magnetic lines was higher than 1.0 R,
i.e., 7x10° km. Therefore, it cannot be excluded that some as-
sociated transequatorial loops might be even higher than 5x10°
km in the corona, outside of thefield of view of observations. In
addition, some transequatorial loops may lack necessary SXR
data. Under these conditions, they may not be easily identified
from EIT or SXT observations.

Alternatively, dimmings are sometimes associated with
large transequatorial loops (Maia et a., 1999; Wills-Davey &
Thompson, 1999). The observed dimmings are due to a de-
crease in plasma density during the opening of the transequa-
torial loops (Delannée & Aulanier, 1999, Harra & Sterling,
2003), so the transequatorial dimmings can be considered as
the proxies of transequatorial loop-like structures. Dimmings
can beobserved well inEUV (Dereet al., 1997; Bumba, Garcia
& Jordan, 1998; Gopalswamy et a., 1998; Thompson et a.,
1998; Delannée, Delaboudiniere & Lamy, 2000). Thus by us-
ing those EIT datathat have full coverage for all the 288 earth-
directed CMEs, transequatorial dimmings are identified as the
manifestation of associated transequatorial loops from EIT
base-difference or running-difference images for some events.
Asindicated in Fig. 6, the associated surface activity of aCME
on Nov. 24 2000 is an X-ray flare of X2.3 class (see the ar-
row in Fig. 6A). Since we could not find an SXT image before
05:12 UT on Nov. 24, a SXT image at 09:18 UT on Nov. 23
was presented. From the EIT or SXT images (see Figs. 6A,

6B), we could not easily observe the associated transequatorial
loop connecting AR 9236 with a region in the southern hemi-
sphere. However, there was transequatorial dimming acrossthe
two solar hemispheres (Panel C). In this case, we consider that
the CME is related to transequatorial loops. Moreover, using
the extrapolation method of potential magnetic field (Wang, et
al., 2002a), a bundle of transequatorial magnetic lines were
found to exist above the transequatorial dimming (arrow in
Panel D). These magnetic lines may be considered as the as-
sociated transequatorial loops.

As aresult, 116 CMEs, whose source structures were as-
sociated with transequatorial magnetic loops in SXT or EIT
observations, were identified in Category C2. They constitute
up to 40% of all the 288 earth-directed CMEs. In most cases,
the individual flux systems tend to have the same helicity sign
or chirality (Wang et al., 2004). As suggested by Canfield et
al (1996) and Pevtsov (2000), only the interconnected regions
with the same helicity sign can form transequatorial loops. That
is to say, the transequatorial loops, together with the intercon-
nected regions, have the same helicity sign in their magnetic
field and represent at least a part or all of alarge-scale inter-
coupled magnetic flux system.

However, as a rule for hemispheres (Seehafer, 1990;
Pevtsov et a., 1995, 2001; Abramenko, 1996; Bao & Zhang,
1998), magnetic flux regions on the two solar hemispheres gen-
erally have opposite signs of helicity. A transequatorial loop
has the same helicity sign, but connects magnetic flux regions
that are located on the opposite hemispheres, which implies
that one foot of the transequatorial loop should be surrounded
by magnetic flux with opposite sign helicity. Wang et al. (2004)
suggested that the interaction and reconnection of flux systems
with opposite sign helicity are key elements in the magnetism
of CME initiation. This might be the reason so many CMEs
are associated with transequatoria loops, which appear to be
the favorite pre-CME large-scale source structures. This reve-
lation may be useful for CME predictions.

3.3. Category three: transequatorial filaments & their
associated magnetic fields

Filament eruptions, one of the earliest known forms of mass
gjections from the Sun, are the near-surface activities that are
most frequently associated with CM Es, and they have received
considerable attention since the late 1900s (Webb, Krieger &
Rust, 1976; Munro et a ., 1979; Webb & Hundhausen, 1987; St
Cyr & Webb, 1991; Tandberg-Hanssen, 1995; Zhang & Wang,
2000; Gopalswamy, 2003). They can erupt on different scales,
from mini-filamentsto AR filamentsto long eruptive filaments.
Since sometimes long filament eruptions themselves can reach
the scale of a CME, we consider these filaments and their as-
sociated magnetic fields as probable large-scale source struc-
tures of CMEs. The length of the long eruptive filaments con-
sidered are at least greater than 300 arcsec, and the longest of
them can reach 1900 arcsec. Except for some long eruptive fil -
aments located in EBRs, the associated long filaments are fur-
ther grouped into transequatorial filaments (C3) and long fila-
ments along the boundaries of EBRs (C4), which are thought
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of as two forms of CME large-scale source structures. Wang
(2002b) used the term of giant filament and filament channel to

Table 1. Categories of CME large-scal e source structures

describe this type of CME parent magnetic structure. Associa. large-scal e source structures CME number  percent
One example that illustrates the CMEs correlated with ~ €L EBRs _ 104 36%
eruptive transequatorial filaments is presented. Wang and his 2 transequatorial magnetic loops 116 40%
co-authors first recognized the role of transequatorial filaments O ransequatonia filaments 3 1%
in the initiations of CMEs (Wang, 2002b, Wang et ., 20058, ——Tlamentsaong the boundaries of EBRs 31 1%
! ! N Total earth-directed CMEs 288 100%

b). Asindicated in Fig. 7, a CME-associated eruptive transe-
quatorial filament began to elongate and twist from 11:00 UT
on Sep. 12, 2000, accompanied by an M1.0 flare in X-ray im-
portance. At 11:54 UT, the corresponding CME first appeared
inthefield of view of LASCO C2 and expanded southwest (see
Fig. 7A). After the filament eruption, post-flare loopsformedin
EIT observations (see the arrow in Fig. 7B). Since there were
no clear Ha observations to show the morphology of the pre-
erupting filament, an Ha image after the filament eruption is
given as Fig. 7C. The eruptive transequatorial filament isiden-
tified in the MDI synoptic chart in CR 1967 of Fig. 7D. Thefil-
ament lies along the boundary of atransequatorial background
magnetic flux with the same polarity. In fact, for the large-
scale magnetic structures of the CMEsin C3, we could always
see that the enhanced magnetic flux of the same polarity con-
centrated in the lower latitudes in MDI synoptic charts, which
go through the opposite hemispheres on the Sun. This is the
common property of the background magnetic morphology for
transequatorial filaments.

Just like transequatorial loops, since transequatoria fila-
ments go through the opposite hemispheres with different vor-
ticity and helicity properties, it is speculated that transequa-
torial filaments and their magnetic arcades would also be un-
stable. But unlike the transequatorial loops, a transequatorial
filament and its magnetic arcades seem to present alarge-scale
magnetic shear in the solar atmosphere. Their associated CMEs
are suspected having some distinct properties, which will be
studied in our next work.

A total of 37 CMEswereidentified as being associated with
transeguatorial filament eruptionsin this category that includes
13% of all the CMEs.

3.4. Category Four: filaments along the boundaries of
EBRs

In addition to the related eruptive transequatorial filaments,
long eruptive filaments along the boundaries of EBRs and their
related magnetic fields are classified as the fourth category of
CME large-scale source structures. This group can exist along
the boundary between two/three EBRs or can separate the po-
lar corona holes from the medium to high latitude EBRs.
In the latter case, the filaments act as polar crown filaments
(Mclntosh, 1980). CMEs associated with these filaments were
studied by Zhou et a. (2005).

An exampleis given to show this category. A CME on Jun.
5, 1998 was related to the eruption of a filament along the
boundary of three EBRs. The CME first appeared at 7:02 UT
during LASCO C2 observations. The associated eruptive fila-
ment began to erupt at 04:39 UT in EIT observations. Figure
8B presents post-flare loops after the filament eruption. An Ha

Table 2. Associations of CMEs with ARs and long eruptive filaments

Associations CME number  percent
related to ARs 231 80%
related to long eruptive filaments 109 38%
Total earth-directed CMEs 288 100%

image on June 4, 1998 showsthe filament beforeitseruption (in
Fig. 8C). The eruptive Ha filament isfurther mapped in the cor-
responding MDI synoptic charts in CR 1936 and 1937 (black
line in Fig. 8D). It was located along the boundary of three
EBRs. In order to show the associated EBRs more clearly, a
procedure was used to make the other magnetic features wesk,
smoothing the MDI synoptic data over 10 pixels and display-
ing it in a restricted range. There are 31 CMESs (11%) whose
related large-scal e source structures were grouped into C4.

4. Statistics

Using the observations from the SOHO LASCO, EIT, MDI
synoptic & daily magnetograms, Yohkoh SXR, GOES X-ray,
and Ha observations, we extended the CME sample used in
Zhou et al. (2003) to 288 earth-directed halo CMES from Mar.
1997 to Dec. 2003, including the rising and the declining
phases of Solar Cycle 23. We present the first systematic study
of large-scale source magnetic structures of earth-directed halo
CMEs. Detailed information for each CME is appended in
Table A1, where we list the CME category according to the
large-scal e source structure, date, first time seenin LASCO C2
observations (TM), central position angle (CPA), span angle
(Width), linear fit speed (Speed), position of associated surface
activity on the solar surface (Position), and the NOAA number
of related ARs. If aCME is correlated with more than one AR,
weonly give one of the NOAA numbers of the CM E-associated
ARs.

Asaresult, theidentified large-scal e source structures of all
the 288 CMEs are classified into four groups: (C1) EBRs, (C2)
transequatorial magnetic loops, (C3) transequatorial filaments
and their associated background magnetic structures, (C4) long
filaments along the boundaries of EBRs. Among them, the
EBRs and the transequatorial magnetic loops are significantly
CME-pralific. The associated CMES constitute 36% and 40%
of all the earth-directed CMEs. Though the other two identified
large-scale source structures are only related to asmall fraction
of CMEs, they present some distinguished characteristics that
arefavorableto the occurrence of CMEs. The different levels of
CME productivity for each class of large-scale magnetic struc-
turesis summarized in Table 1.
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Another statistic about the associations between CMEs and
ARsand long eruptive filamentsislisted in Table 2. Regardless
of the background magnetic fields of associated surface activ-
ity, about 38% CMEs are related to long filament eruptions.
This means that the instabilities of long filaments correlate
closely with CMEs. For the relationship between ARs and
CMEs, about 80% CMEs are related to ARs, which is similar
toresultsin Zhou et a. (2003).

The statistics presented in this paper follow arulethat when
a CME was related to more than one type of large-scale mag-
netic structure, we always chose the structure which appeared
more specific or characteristic as the CME source structure.
For example, if a CME-associated surface activity happened in
an EBR and, at the same time, took place in association with
transequatorial magnetic loops, we selected the transequatorial
magnetic loops as the large-scal e source structure of the given
CME. The reason is that transequatorial loops are more spe-
cific, and they represent a larger magnetic flux system, which
an EBR cannot fully cover.

Although the identity of the large-scale source magnetic
structures of CMEsis based on detailed analysis of acombined
data set, several key factors still exist that may bring uncertain-
tiesinto the statistics. First, for some CMEs, especially those
initiated close to the solar limb, their associated surface activ-
ity may be misidentified. They may even be Earth-away CMEs.
The lack of coronal observations in the range of 1.0-2.2 R,
severely constrained us from directly imaging the early devel-
opment of CMEs, while the low cadence of LASCO and EIT
observations would not allow us to accurately determine the
time of CME initiation or the associated surface activity (Zhou
et a., 2003). We estimated that all the above inaccuracy may
be less than 5% of the total 288 CMEs. Secondly, the iden-
tity of transequatorial loops may not be accurate in the follow-
ing situations: (1) when the related transequatoria loops are
located at the limb of the Sun, they suffer from heavy projec-
tion effects; (2) if heated to higher temperatures or situated in
the higher corona, they may be put out of the range (<5x10°
km) of EIT or SXT observations; and (3) on the other hand,
some resemblant or fuzzy structures in EIT or SXT observa-
tions may be mistaken for transequatorial loops. Since we con-
firm the associated transequatorial loops by direct observations
of EIT and SXT images where possible, together with the ob-
servable transequatorial dimming and potential extrapolation
of 3-dimension magnetic lines of force, the ambiguity could be
minimized. The fact that the data base covers almost 7 years
and alarge sample makes the statistics meaningful.

5. Discussion and conclusion

The large-scale source structures are identified and classified
into four groups (C1)-(C4) for the 288 earth-directed halo
CMEs: (C1) extended hipole regions (EBRS), (C2) transequa-
torial magnetic loops, (C3) transequatoria filaments and their
associated background magnetic structures, and (C4) long fila
ments along the boundaries of EBRs. The associated CMESsin
each category constitute 36%, 40%, 13%, and 11% of all the
288 earth-directed CMEs, respectively. These four categories
present the large-scal e characteristics of CME source magnetic

structures. In addition, if only considering the long eruptive fil-
aments from the four categories, 38% of the CMEs are related
to long filament eruptions. It presents a close relationship be-
tween CMEs and long eruptive filaments (Wang, 2002b). We
also look at the relation between CMEs and ARs. AR fields
have a smaller scale than the large-scale source regions de-
scribed in this paper, but they show great magnetic complexity
with strong magnetic intensity. They may interact with larger
scale structures and possibly lead to the instabilities of large-
scale magnetic structures through magnetic emergence and/or
cancellation. Similar to theresult of Zhou et a. (2003), approx-
imately 80% of the CMEs are related to ARS in the enlarged
sample. The identity of favorable large-scale magnetic struc-
tures supplemented with detailed vector field observations in
relevant ARs may make the CME predictions possible in the
future.

In Zhou et a. (2003), we illustrated the close correlations
between CMEs and solar surface activity. All the CMEs are ac-
companied by some solar surface activity in the form of either
flares, or filament eruptions, or both. However, the associated
magnetic evolution, say in an AR, normally presented no differ-
ence among flares with and without CMEs. All of the eruptive
activity events, e.q., flares and filament eruptions, are driven by
the rather similar process observed in the photosphere, which
was interpreted by Song et al. (2002) as the transport of mag-
netic energy and complexity into the higher solar atmosphere.
We speculated that the associated surface activity may act asei-
ther triggers of the instability of the globally-coupled magnetic
flux systems with different spacial scales, or the local manifes-
tation of the instability, while the real basis for deciding CME
properties should be the pre-CME large-scal e source structures.
Though some studies about the large-scale magnetic activity
associated with CMEs have already been carried out, the anal-
ysis in this paper is the first attempt to investigate the large-
scale source structures of CMEs based on the MDI magnetic
synoptic charts.

This is only the first step in our series of studies to iden-
tify and classify the large-scale magnetic structures that favor
CMEs. Work needs to be done to evaluate the reliability and
feasibility of the categories. Further, for example, we need to
know the topological connectivity of the 3-D magnetic lines of
forcefor each kind of large-scal e source structure, and whether
we can use their properties to distinguish between the CMEs
that correspond to different groups of source structures. In this
work, CME-associated long eruptive filaments distributed in
three of the four categories according to their background mag-
netic fields: C1(a), long filaments above the neutral lines of
EBRs; C3, transequatoria filaments; and C4, long eruptive fil-
aments along the boundaries of EBRs. The average CME ve-
locitiesrelated to long filament eruptionsin the 3 categories are
690, 894, and 827 km-s™1, respectively. Large errorsexist in the
CME speed estimations because of projection effects, but it is
feasible that the CMEs associated with C1(a) are slower than
the onesrelated to the other two categories. Therefore, identify-
ing the possible large-scale source magnetic structure for each
CME isonly thefirst step in CME studies. In addition to eval-
uating the validity of this classification, further efforts need to
be made to explore the physical properties of each large-scale
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source structure and to understand whether or not the structural
characteristics on the solar surface can affect the properties and
geo-effectiveness of associated CMEs.
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14:00 04-26-2001

Fig.1. Allocating a CME associated surface activity in the corre-
sponding MDI synoptic chart according to its positionin EIT images.
The surface activity isindicated by ablack arrow in theleft EIT image,
and its position is shown by aasterisk on the right MDI synoptic chart.
The right panel also indicates the definition of an extended magnetic
bipolein the MDI synoptic chart; the dashed line denotes the magnetic
neutral line of the EBR.

Fig.2. The four categories identified for CME large-scale source
structures shown on MDI synoptic charts; from top to bottom row:
Category One (C1), extended bipolar regions (EBRs); Category Two
(C2), transequatorial magnetic loops; Category Three (C3), transequa-
torial filaments and their background magnetic fields; and Category
four (C4), long filaments along the boundary of EBRs. In this figure,
the asterisks indicate the positions of CME-associated surface activ-
ity; the black solid lines in the graph denote filaments; the white dash
lines show the magnetic neutral lines of EBRs; the light solid lines
indicate transequatorial loops. The scale of each panel in thisfigurein
latitude and longitude is 180°x180°
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€2 1999/10/25 15:06

Fig. 3. An example of aCME correlated with the eruption of afilament
inan EBR: A, LASCO C2image; B, EIT image showing the post-flare
loop after the filament eruption indicated by an arrow; C, Ha image;
D, subset of the MDI synoptic chart in CR 1955. The CME-associated
surface activity (represented by the asterisk) took placein an EBR,; the
EBR is shown more clearly by a procedure that artificially weakens
the other surrounding magnetic features. The dashed line indicates the
EBR neutra line; quadrangles in Panels C and D denote the position
of the eruptivefilament in an Ha image and on the corresponding M DI
synoptic chart.

C2 2002/07/26 23:06

Fig.4. A CME on Jul. 26, 2002 whose correlated surface activity ap-
peared in a complex active region (AR) inside an EBR. The propa
gating CME is shown in Panel A, aLASCO C2 image; its associated
flareisindicated by an arrow in Panel B, an EIT image. From panel C,
an Ha image, the eruptive AR filament can be seen. Panel D is a part
of the MDI synoptic chart in CR 1992 with the scale of 180°x180° in
latitude and longitude, and shows the associated EBR; the dashed line
indicates the EBR’s magnetic neutral line; three arrows in the figure
denote the CME-associated surface activity in different observations.

EIT 11/05 16:40

Fig.5. Identifying a CME on Nov. 5, 1998 associated with transe-
quatorial loops. The CME propagated northward seen from a LASCO
C2 image of Panel A. Itsrelated preexisting transequatorial loops are
indicated by white arrows in Panels B and C, an EIT image and an
SXT image. Based on the magnetic loop morphologiesin the EIT im-
age, the transequatoria loops are mapped on the corresponding MDI
synoptic chart in CR 1942, represented by light solid lines in panel
D. The transequatorial loops connect a complex AR in the northern
hemispheres with a plage region in the southern hemisphere; the as-
terisk indicates the location of the CME-related surface activity. The
scale of the subset of synoptic chart is 180°x180° in latitude and lon-
gitude.
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EIT 00/11/24 05:12

AR 9236

e BN

SXT Nov. 23 09:18

Fig. 6. An example on Nov. 24, 2000 is presented to explain that CM E-
associated transequatorial loop is manifested by transequatorial dim-
ming. From Panels A and B, EIT and SXT images, we cannot easily
observe the associated transequatorial loop. Arrows in these two pan-
els show the CME-associated surface activity. Panel C: transequatorial
dimming (indicated by an arrow) is linked to transequatoria |oops.
Panel D: based on a potential extrapolation of 3-dimension magnetic
lines of force, transequatorial magnetic lines (see the arrow) are shown
to overlay the dimming regions.

C2 2000/09/12 12:30

EIT 14:00

Fig.7. A CME related to a transequatorial filament eruption. Panel A
isaLASCO C2 image showing the CME propagating southwestward.
After the eruption of the transequatorial filament, post-flare loops can
be seenin an EIT image of Panel B, denoted by an arrow. The transe-
quatorial filament is indicated by a arrow and highlighted by a black
linein an Ha image from BBSO in Panel C. A subset of MDI synoptic
chart in CR 1967 in Panel D shows the background magnetic field of
the filament, the solid line represents the filament, the asterisk symbol
denotes the position of the CME-associated surface activity, the scale
of the synoptic chart also is 180°x180° in latitude and longitude.

C2 1998/06/05 07:35

Fig.8. An example illustrates CMEs associated with long filament
eruptions along boundary of EBRs. A CME on Jun. 5, 1998 is shown
in a LASCO C2 image of Panel A indicated by an arrow. Post-flare
loops formed after the filament eruption in an EIT image of Panel B,
denoted by an arrow. The eruptive filament is highlighted by a black
dashed line in Panel C, an He image in its pre-eruption stage. From
the corresponding subset of the MDI synoptic chart of Panel D, the
long eruptive filament is found on the boundary of three EBRs, shown
by a black line and denoted by an arrow. The scale of the subset of
synoptic chart is 180°x180° in latitude and longitude.
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Appendix

Table Al: List of al the 288 sampling CMEs and their large-scale
magnetic structures

Category No. Date TM2  CPAP  Width® Speed®  Position® NOAAT AR
(um) (kms™) (y/n)

C1(a) 1 1997-8-30 1:30 halo 360 371 N32E11 y
2 1997-9-28 1:08 halo 360 359 N35E10 n
3 1997-10-6 15:28 139 174 293 S60E20 y
4 1997-10-21 18:03 halo 360 523 N17E05 8097 y
5 1998-1-2 23:28 hao 360 438 N24W42 y
6 1998-1-17 4:09 halo 360 350 SA1EL7 n
7 1998-1-21 6:37 halo 360 361 S49E10 n
8 1998-1-25 15:26 hao 360 693 N24E25 n
9 1998-6-8 16:27 177 240 433 N35E51 n
10 1998-12-18 18:09 halo 360 1749 N30E37 8414 y
11 1999-3-21 15:26 208 139 398 S28W12 n
12 1999-4-17 6:36 213 165 362 S21W10 n
13 1999-6-14 12:50 129 148 560 S85E0 n
14 1999-6-24 13:31 hdo 360 975 N31W09 8595 y
15 1999-7-16 20:30 291 131 462 N35W60 n
16 1999-8-17 1331 61 261 776 N22E34 8668 y
17 1999-9-3 0:06 184 175 512 S39W27 y
18 1999-9-20 6:06 halo 360 604 S18E01 y
19 1999-10-25 14:26 186 146 511 S38W12 n
20 2000-2-9 1954 hdo 360 910 S14W40 8853 y
21 2000-6-6 15:54 hao 360 1119 N21E16 9026 y
22 2000-6-7 16:30 halo 360 842 N23EO3 9026 y
23 2000-6-10 17:.08 hdo 360 1108 N22wW38 9026 y
24 2000-6-27 10:54 349 132 811 N42wW53 n
25 2000-11-1 16:26 halo 360 801 S14E37 9214 y
26 2001-1-24 854 249 196 536 S28W12 9323 y
27 2001-2-11 1:30 halo 360 1183 N24W57 9346 y
28 2001-3-19 5:26 halo 360 389 S20w01 n
29 2001-4-14 21:30 151 132 764 S20W06 n
30 2001-4-26 12:30 hdo 360 1006 N23W05 9433 y
31 2001-5-25 1726 90 208 930 S13E90 n
32 2001-8-19 6:06 halo 360 556 N30W75 n
33 2002-2-20 6:30 Hao 360 952 N20W70 9824 y
34 2002-4-8 8.06 209 >158 251 S25W05 9900 y
35 2002-10-25 18:06 336 132 1030 N30W10 n
36 2002-12-12  2:30 99 146 187 S15E30 10218 y
37 2002-12-21  2:30 2 225 1072 N45E10 10229 y
38 2002-12-22  3:30 328 272 1071 N27W46 10225 y
39 2003-1-7 8:30 128 131 365 S22E25 10244 y
40 2003-3-3 21.08 114 201 702 S22E65 y
41 2003-3-14 18:06 232 137 991 S17W50 n

Cl(b) 1 1999-5-11 22:26 86 193 735 S21E80 y
2 1999-5-27 14:50 66 140 646 N22E68 y
3 1999-6-4 7:26 289 150 2230 N19W75 8552 y
4 1999-6-10 5:26 351 131 434 N31W12 y
5 1999-6-12 21:26 hao 360 465 N24wW34 8574 y
6 1999-6-22 18:54 hao 360 1133 N23E40 y
7 1999-6-28 21:30 hao 360 1083 N26W42 8592 y
8 1999-7-19 3:06 halo 360 430 N15w14 y
9 1999-8-7 2350 169 185 283 S28E03 8657 y
10 1999-9-13 9:30 0 182 898 N22E10 8699 y
11 1999-9-13 17:31 109 184 444 N16W03 8693 y
12 1999-10-14 9:26 halo 360 1250 N12E37 8731 y
13 1999-12-6 9:30 halo 360 653 NO7E44 y
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Table A1 continued

Category No. Date TM2  CPAP  Width® Speed®  Position® NOAAT AR
(um (km-s™) (y/n)
14 1999-12-22 2:30 halo 360 570 N30E30 8806 y
15 2000-1-28 20:12 hao 360 429 S31wW17 8841 y
16 2000-4-10 0:30 halo 360 409 S14E01 8948 y
17 2000-5-10 20:.06 83 205 641 N14E20 8990 y
18 2000-6-25 7.54 262 165 1617 N16W55 9046 y
19 2000-6-28 19:31 270 134 1198 N24W85 9051 y
20 2000-9-15 12:06 249 235 633 N13EO8 9165 y
31 2000-9-15 15:26 hdo 360 481 N12EOQ7 9165 y
22 2000-9-16 5:18 halo 360 1215 N14WO07 9165 y
23 2000-10-2 3:50 halo 360 525 SO09E07 9176 y
24 2000-10-2 20:26 hao 360 569 S1I0W02 9176 y
25 2000-11-23 21:30 124 148 1198 S32E62 9239 y
26 2001-2-3 0:30 86 203 639 NO9E72 9334 y
27 2001-2-5 1554 74 136 474 NO7E38 9335 y
28 2001-6-22 12:54 269 270 638 S26W51 9509 y
29 2001-8-25 16:50 halo 360 1433 S17E34 9591 y
30 2001-8-28 16:27 105 148 478 N16E70 9600 y
31 2001-9-11 14:54 halo 360 791 N14E34 9615 y
32 2001-9-17 8:54 198 166 1009 S14E04 9616 y
33 2001-9-22 9:42 283 134 364 N27wW8 9626 y
34 2001-9-24 10:31 halo 360 2402 S16E25 9632 y
35 2001-9-28 8:55 halo 360 846 N10E18 9636 y
36 2001-9-28 10:31 198 136 665 S18W36 9628 y
37 2001-9-29 11:54 114 216 509 N13EO3 9636 y
38 2001-10-22 15:.06 hao 360 1336 S20E18 9672 y
39 2001-11-10 13:27 85 155 480 N15E85 9695 y
40 2001-11-15 20:50 32 164 618 N22EO0 9703 y
41 2001-11-22 20:31 hao 360 1443 S25W67 9698 y
42 2001-11-28 17:30 hao 142 500 NO4E15 9715 y
43 2001-12-11 8:30 23 142 804 N16E41 9733 y
44 2001-12-13 14:54 hao 360 864 N16E09 9733 y
45 2001-12-26  5:12 halo 360 1446 NO8W54 9742 y
46 2002-4-4 5.06 108 133 468 S14E55 9906 y
47 2002-4-10 13:27 340 159 650 N30E02 9901 y
48 2002-4-15 3:50 Hao 360 720 SO5W05 9906 y
49 2002-5-7 4.06 Hao 360 720 S02E28 9927 y
50 2002-7-26 22:06 Hado 360 818 S22E22 10039 y
51 2002-9-16 354 236 133 256 S15W35 10105 y
52 2002-9-17 2:30 104 147 681 N20W75 10110 y
53 2002-9-17 8:06 210 249 960 S15W36 10114 y
54 2002-9-19 554 120 169 621 S10E75 10125 y
55 2002-10-3 3.54 144 132 834 S20E10 10137 y
56 2002-11-3 17:30 281 151 982 N15E24 10177 y
57 2002-11-9 13:31 Halo 360 1838 S10W30 10182 y
58 2002-11-10 3:30 203 282 1670 S15wW40 10182 y
59 2002-12-10 6:06 114 164 175 S12E50 10220 y
60 2003-2-16 23.08 279 151 603 N20w85 10282 y
61 2003-6-15 14:30 96 140 937 S10E85 10386 y
62 2003-6-17 23:18 Hado 360 1813 SO8E60 10386 y
63 2003-11-11 13:54 Hao 360 1315 SO3W65 10498 y
(074 1 1997-3-9 4:30 54 146 517 NO3E75 y
2 1997-4-7 14:27 hdo 360 878 S25E16 8027 y
3 1997-9-23 22:.02 133 155 712 S31E26 y
4 1997-11-4 6:10 halo 360 785 S18W30 y
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Table A1 continued

Category No. Date TM2  CPAP  Width® Speed®  Position® NOAAT AR
(um (km-s™) (y/n)
1997-11-6 12:10 halo 360 1556 S18W63

5

6 1998-4-27 856 hado 360 1385 SI8E50 8210
7 1998-4-29  16:58 hao 360 1374 S15E19 8210
8
9

43  2000-11-24 1530 halo 360 1245 N22WQ07 9236
44 2000-11-24 22:06 halo 360 1005 N21W14 9236
45  2000-11-25 1:31 halo 360 2519 NO7ES0 9240

46  2000-11-25 9:30 halo 360 675 N18W24 9236
47  2000-11-25 19:31 halo 360 671 N20W23 9236
48  2000-11-26 17:06 halo 360 980 N18W38 9236
49  2001-1-10 054 halo 360 832 N13E36 9306
50 2001-1-28  15:54 247 250 916 S04W59 9313
51 2001-1-29 16:06 149 261 651 SO09E57 9329
52 2001-3-20 326 270 199 478 S10wW35 9380
53  2001-3-24 2050 hao 360 906 N15E22 9390
54  2001-3-25 17.06 hao 360 677 N16E25 9402
55  2001-3-28 1250 hado 360 519 N18EO2 9393
56  2001-3-29 10:26 hao 360 942 N20W19 9393

57  2001-4-5 17:06 hao 360 1390 S24E50 9415
58  2001-4-6 19:30 halo 360 1270 S21E31 9415
59  2001-4-9 0:06 159 221 653 S15E10 9415
60  2001-4-9 1554 hao 360 1192 S21W04 9415

y

y

y

1998-5-1 2340 halo 360 585 S19wW05 8210 y
1998-5-2 5:31 halo 360 542 SI9W10 8210 y

10 1998-5-2 14:06 hao 360 938 S15w15 8210 y
11 1998-5-3 22:02 317 194 649 S12w33 8214 y
12 1998-5-6 829 309 190 1099 S11IW66 8210 y
13 1998-5-27 1345 175 268 878 N17W62 y
14 1998-11-2 14:18 116 169 661 S25E47 y
15  1998-11-4 7:54  hdo 360 523 N17w01 8375 y
16 1998-11-5  2:02 halo 360 380 N13W16 y
17 1998-11-5 20:44 hao 360 1118 N22W18 y
18  1999-4-13 330 hdo 360 291 N20E02 n
19 1999-510 550 hao 360 920 N16E19 8539 y
20 1999-6-29 18:54 hao 360 438 N19EO0O y
21 1999-7-28 530 hao 360 457 S14E05 y
22 1999-7-28  9:06 halo 360 462 S14E03 y
23 1999-8-2 726 99 189 286 N14E25 y
24 1999-8-2 22:26 271 157 292 S18W46 8647 y
25  1999-8-4 6:26 262 144 405 S18wW62 8647 y
26 1999-8-28  18:26 120 245 462 S26W14 8674 y
27 1999-9-1 230 188 283 253 NO8WO08 8677 y
28  2000-1-18 17:54 hado 360 739 SI9E11 8831 y
29  2000-2-8 930 halo 360 1079 N25E26 8858 y
30  2000-2-11 13:31 hao 360 521 S13W22 8856 y
31  2000-2-12 431 halo 360 1107 N26W23 8858 y
32  2000-2-17 20:06 hao 360 682 S25W16 8869 y
33  2000-515 16:26 257 165 1212 S24W67 8993 y
34  2000-7-23 530 161 181 631 S10w10 9091 y
35 2000-7-25 330 hao 360 528 NO6WO08 9097 y
36  2000-9-1 6:30 261 142 427 S20W18 9143 y
37  2000-9-6 16:30 224 144 500 S20W19 9145 y
38  2000-9-7 21:30 297 169 422 NO6W47 9151 y
39  2000-9-25 250 hao 360 587 NO8W20 9167 y
40  2000-10-26 16:50 114 145 359 S20E64 9209 y
41  2000-11-23 6:06 hao 360 492 S26W40 9238 y
42 2000-11-24 5:30 halo 360 994 N23W05 9236 y
y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y

y
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Table A1 continued

Category No. Date TM2  CPAP  Width® Speed®  Position® NOAAT AR
(um (km-s™) (y/n)
61 2001-4-10 5:30 halo 360 2411 S23W09 9415

62  2001-4-11 13:32  hao 360 1103 S22W27 9415
63  2001-4-12 10:31  hao 360 1184 S15W35 9415

64  2001-4-14 1754 239 190 830 S16W71 9415
65  2001-4-15  14:.06 245 167 1199 S21W85 9415
66  2001-7-19 10:30 275 166 1668 S8W62 9537
67  2001-10-3 254 163 152 389 E09S19 9641
68  2001-10-19 1:27 267 254 558 N16W18 9661
69  2001-10-19 16:50 halo 360 901 N15W29 9661
70  2001-10-24 626 62 145 597 SI5E30 9675
71  2001-10-25 15:26 140 141 1092 SI6W21 9672
72 2001-11-1  22:30 halo 360 453 N12W23 9682
73 2001-11-22 23:30 halo 360 1437 S17wW36 9704
74  2002-3-15 23:06 Halo 360 957 S08WO03 9866
75 2002-5-8 13:50 Halo 360 614 S12w07 9934
76 2002-7-1 13:31 160 135 882 S19E60 10019
77 2002-7-15 20:30 Halo 360 1151 N20EO5 10030
78  2002-7-15  21:30 14 >188 1300 N20EO2 10030
79  2002-7-17 731 36 177 716 N21W17 10030
80  2002-7-29 12:07 332 154 562 N10w22 10039
81  2002-7-29 23:30 351 130 360 S10w06 10050

82  2002-8-14 230 297 133 1309 NO9W54 10061
83  2002-8-16 12:30 Halo 360 1585 SI4E20 10069

84  2002-8-18 21:54 203 140 682 S12w19 10069
85  2002-8-20 154 244 >157 961 S13wW36 10069
86  2002-8-22  2:06 Halo 360 998 SO7W62 10069
87  2002-8-23  6:26 103 134 496 S11E23 10085
88  2002-8-23 850 106 143 999 SO8E72 10087
89  2002-8-23  20:50 262 131 861 S17W15 10087

90 2003-3-18 12:30 263 209 1601 S09wW46 10314
91  2003-3-18 1354 Hao 360 1042 S09wW46 10314

92  2003-4-23 127 271 248 916 N22w25 10338
93  2003-4-24  13:27 317 242 609 N21W39 10338
94  2003-7-4 15:30 81 174 751 NOSE30 10400
95  2003-7-17 854 141 >298 531 N14E13 10412
96  2003-8-14 20:06 Hao 360 378 NOBE25 10067
97  2003-10-19 17:.08 34 150 472 NOSE58 10484
98  2003-10-22 830 286 >267 719 NO4E20 10484

99  2003-10-22 20:06 93 134 1085 SI15E85 10486
100 2003-10-23 854 53 >236 1406 S21E88 10486
101 2003-10-26 6:54 108 >207 1371 S15E44 10486
102 2003-10-26 17:54 270 >171 1537 NO2W38 10484
103 2003-10-27 8:30 265 144 1322 NOOW45 10484
104 2003-10-28 10:54 124 147 1054 SI9E16 10486
105 2003-10-28 11:30 Halo 360 2459 SI16E08 10486
106 2003-10-29 20:54 Halo 360 2029 S15W02 10486
107 2003-11-1  21:30 318 >143 413 NO6W55 10488
108 2003-11-2 9:30 Halo 360 2036 S20W90 10486
109 2003-11-2 17:30 Halo 360 2598 S14W56 10486
110 2003-11-13 9:30 49 217 1141 NO4E87 10501
111 2003-11-17 9126 72 >242 1061 NOOE32 10501
112 2003-11-18 850 Halo 360 1660 NOOE18 10501
113 2003-11-18 9:50 95 >197 1824 NO1E19 10501
114 2003-11-20 8:06 Halo 360 669 NO3W09 10501
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Table A1 continued

Category No. Date TM2  CPAP  Width® Speed®  Position® NOAAT AR
(um (km-s™) (y/n)

115  2003-12-22 10:50 261 >150 1393 S12w9o0 10511 y
116 2003-12-252 2:30 198 >201 519 S11E03 10532 y

C3 1 2000-7-14 10:54 halo 360 1674 N22WO07 9077 y
2 2000-8-9 16:30 hao 360 702 N20E12 9114 y
3 2000-9-5 5:54 3 138 473 N22E10 n
4 2000-9-12 11:54 halo 360 1550 S17wW09 n
5 2000-11-8 23:.06 hao 360 1738 N14W63 9213 y
6 2000-11-26 3:30 259 188 495 S25W50 n
7 2000-12-14 17:06 halo 360 725 N18EO4 9267 y
8 2001-1-20 19:32 hao 360 839 SO7E40 9313 y
9 2001-1-20 21:30 hao 360 1507 SO7E46 9313 y
10 2001-1-26 154 275 148 648 N30W69 n
11 2001-1-26 12.06 276 176 928 S24W60 9320 y
12 2001-2-15 13:54 halo 360 625 NO8E10 n
13 2001-5-21 23.06 254 160 364 NO5W12 n
14 2001-6-5 5:06 117 150 836 S18E44 9488 y
15 2001-8-9 10:30 285 175 479 N10W15 n
16 2001-9-9 14:54 98 143 967 E70S24 y
17 2001-11-17 5:30 halo 360 1379 S13E42 9704 y
18 2001-11-21 14:06 halo 360 518 n40e08 9704 y
19 2002-3-17 10:34 182 187 989 NOW10 n
20 2002-3-17 20:06 184 153 823 NOOWO05 n
21 2002-3-18 2:54 Halo 360 989 NOOW15 n
22 2002-3-19 9:54 232 134 722 SO5W45 9866 y
23 2002-3-20 2354 242 >160 1075 S10wi17 9871 y
24 2002-4-17 8:26 Halo 360 1240 S04W37 9906 y
25 2002-4-21 1:27 Halo 360 2393 S14W84 9906 y
26 2002-6-19 354 70 151 436 N24E60 10005 y
27 2002-8-1 4.06 212 139 375 S15E10 10057 y
28 2002-8-6 18:25 218 134 1098 S35W30 n
29 2002-11-24  20:30 Hao 360 1077 N20E35 n
30 2002-12-19 22:06 Hao 360 1092 N22W12 10225 y
31 2003-1-20 21:30 58 166 555 N28E50 n
32 2003-1-23 23:30 105 138 350 S10W06 n
33 2003-1-27 22:23 205 267 1053 S15W18 n
34 2003-1-30 10.06 2 138 620 N26E00 n
35 2003-4-4 21:50 298 158 250 S08W43 10324 y
36 2003-4-25 5:50 81 235 806 N18E76 10346
37 2003-4-26 21:50 48 166 672 N13E65 n

C4 1 1998-4-20 10.07 284 165 1863 SATWT0 n
2 1998-6-5 7:02 205 132 1017 S29W17 y
3 1998-6-5 12:01 hao 360 320 S26W27 n
4 1998-11-5 2:41 155 180 568 S30E10 y
5 1998-11-9 18:17 330 190 325 N20w02 y
6 1999-5-3 6:06 halo 360 1584 N22E46 y
7 1999-7-27 1:31 50 193 768 N28E80 y
8 1999-8-9 3:26 197 212 395 S29W11 y
9 1999-9-16 1654 6 147 1021 N42W30 n
10 1999-11-26 17.30 228 145 409 SA0E02 n
11 2000-4-4 16:32 hao 360 1188 N16wW6e6 8933 y
12 2000-5-8 14:.26 216 137 465 S29wW14 n
13 2000-7-10 21:50 67 360 1352 N45E60 n
14 2000-8-3 8:30 302 218 896 N23wW60 n
15 2000-8-29 754 232 157 516 S58W50 n
16 2000-9-4 6:06 327 145 849 N27W30 n
17 2000-10-9 23:50 hao 360 798 NO1wi14 9182 y
18 2000-12-18  11:50 hao 360 510 N15E01 9269 y
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Table A1 continued

Category No. Date TM2  CPAP  Width® Speed®  Position® NOAAT AR

(uT) (km-s™) (y/m)
19 2001-1-14 6:30 327 134 945 N60W10 n
20 2001-2-10 5:54 halo 360 956 N37W03 n
21 2001-3-11 5:50 230 165 404 S55W70 n
22 2001-7-12 0:06 240 148 736 A5W70 n
23 2001-10-28 0:26 85 200 592 N40E80 n
24 2002-1-4 9:30 Halo 360 896 N30E75 n
25 2002-2-14 2:30 204 >137 473 S25W18 n
26 2002-3-2 15:.06 124 149 1131 S30E80 n
27 2002-9-5 16:54 Halo 360 1748 NO8E29 n
28 2002-10-2 731 170 190 903 SA8EO0S n
29 2002-10-15 12:54 193 172 842 SA0E10 n
30 2002-10-25 10:06 Halo 360 629 S30E50 n
31 2002-11-14 0:06 121 182 542 S50E50 10191 y
Total earth-directed halo CMEs 288

* C1,C2,C3 and C4 denote the categories of the CME large-scale
structures described in the text;
Cl(a)- CMEs associated with long eruptive filaments in EBRs,
C1(b)—- CMEsrelated to AR activity in EBRS;
a8 CME first appeared in LASCO C2 observations,
b the central position angle of a CME;
¢ CME span angle;
4 CME linear fit speed;
€ positions of CME-associated surface activity in the disc;
" one of CME associated AR numbers;



