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ABSTRACT

Coronal mass ejections (CMEs) are associated with the eruption of magnetic flux ropes (MFRs),
which usually appear as hot channels in active regions and coronal cavities in quiet-Sun regions.
CMEs often exhibit the classical three-part structure in the lower corona when imaged with white-
light coronagraphs, including the bright front, dark cavity, and bright core. The bright core and dark
cavity have been regarded as the erupted prominence and MFR, respectively, for several decades.
However, recent studies clearly demonstrated that both the prominence and hot-channel MFR can be
observed as the CME core. The current research presents a three-part CME resulted from the eruption
of a coronal prominence cavity on 2010 October 7 with observations from two vantage perspectives,
i.e., edge-on from the Earth and face-on from the Solar Terrestrial Relations Observatory (STEREO).
Our observations illustrates two important results: (1) For the first time, the erupting coronal cavity is
recorded as a channel-like structure in the extreme-ultraviolet passband, analogous to the hot-channel
morphology, and is dubbed as warm channel; (2) Both the prominence and warm-channel MFR (coronal
cavity) in the extreme-ultraviolet passbands evolve into the CME core in the white-light coronagraphs
of STEREO-A. The results support that we are walking toward a unified explanation for the three-part
structure of CMEs, in which both prominences and MFRs (hot or warm channels) are responsible for
the bright core.
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1. INTRODUCTION

Coronal mass ejections (CMEs) are an energetic erup-
tion occurred in the solar atmosphere (Forbes 2000;
Chen 2011; Webb & Howard 2012; Cheng et al. 2017;
Guo et al. 2017) and can lead to disastrous space
weather (Gosling et al. 1991; Zhang et al. 2003, 2007;
Xu et al. 2019). Since the first observation of CMEs
with the space-borne coronagraph on 1971 December 14
(Tousey 1973), a lot of progress has been achieved on
various aspects of CMEs through remote-sensing and
in-situ observations (Song & Yao 2020), including the
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precursor, energy source, trigger mechanism, morphol-
ogy, velocity, mass, occurrence rate, propagation pro-
cess, as well as their influences on the earth space en-
vironment and human high-technology activities (Chen
2011; Webb & Howard 2012). While we do not have the
final conclusions yet for many issues of CMEs due to
their complexity and our limited observations, includ-
ing their morphological structure (Howard et al. 2017).
CMEs often exhibit a typical three-part structure

in the white-light coronagraphs, i.e., the bright front,
dark cavity, and bright core (Illing & Hundhausen 1985;
Webb & Hundhausen 1987; Cremades & Bothmer 2004;
Vourlidas et al. 2013). A recent study demonstrated
that CMEs, with and without the three-part structure
in the white-light images, can possess the three-part ap-
pearance in the extreme-ultraviolet (EUV) passbands
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(Song et al. 2019b). This indicates that the three-part
structure might be an intrinsic feature of CMEs in their
early eruption stage.
The structure of CMEs should be tightly corre-

lated with their origins. Theoretical studies (e.g.,
Mikic & Linker 1994; Gibson & Low 1998; Amari et al.
2000) propose that CMEs originate from the erup-
tion of magnetic flux ropes (MFRs), which are
a coherent magnetic structure with magnetic field
lines twisting more than 1 turn and can form both
prior to (Tripathi et al. 2009; Green & Kliem 2009;
Cheng et al. 2011; Zhang et al. 2012; Patsourakos et al.
2013; Song et al. 2015b; Kliem et al. 2021) and dur-
ing (Song et al. 2014a; Ouyang et al. 2015; Wang et al.
2017; Jiang et al. 2021) eruptions. Usually, MFRs
appear as hot channels with temperature beyond 10
MK when erupting from active regions (Cheng et al.
2011; Zhang et al. 2012; Tripathi et al. 2013; Song et al.
2014b, 2015c; Nindos et al. 2015; Aparna & Tripathi
2016), while in quiet-Sun regions, they appear as coro-
nal cavities that correspond to the cross-section of large
scale quiet Sun MFRs or filament channels (Marqué
2004; Wang & Stenborg 2010; Bak-Steslicka et al. 2013;
Karna et al. 2015a; Chen et al. 2018).
The magnetic dips of MFRs can support prominences

(called filaments when located on the solar disk) against
gravity and maintain them suspending in the corona.
Prominences are cooler and denser than the coronal
plasma by about two orders of magnitude (Parenti
2014; Yan et al. 2016; Song et al. 2017a; Wang et al.
2018). MFRs can erupt taking away prominences to-
gether, so more than 70% of CMEs are associated
with prominence eruptions (Webb & Hundhausen 1987;
Gopalswamy et al. 2003). This enables us to study
the dynamic process of MFRs through prominences
(Qiu et al. 2004; Song et al. 2013, 2015a, 2018a,b;
Cheng et al. 2020).
As the K-corona originates from the Thomson scat-

tering of free electrons, its brightness depends on the
electron column density (Hayes et al. 2001). Therefore,
the three-part appearance of CMEs in coronagraphs im-
plies that they possess a high-low-high density structure,
which has been explained as the observational mani-
festations of background plasma pileup (high density),
MFR (low density), and prominence (high density) for
several decades.
However, recent studies challenged the above tra-

ditional explanation (Howard et al. 2017; Song et al.
2017b, 2019a,b). Howard et al. (2017) conducted a
statistics on 42 three-part CMEs and found that 69%
of them are unrelated with filament eruptions. They
speculated that the bright core results from the ge-

ometric projection of MFRs. Multi-perspective ob-
servations demonstrated that both filaments and hot-
channel MFRs can evolve into the core (Song et al.
2017b, 2019b), and in some situations, one CME can
possess both a sharp and a fuzzy core, corresponding to
the filament and MFR, respectively (Song et al. 2019a).
Therefore, Song et al. (2019a) proposed a new explana-
tion for the three-part structure of CMEs, which sug-
gests that both prominences and MFRs can be recorded
as the bright core in the early eruption stage, and
the dark cavity corresponds to a low-density zone with
sheared magnetic fields between the leading front and
MFR, see Figure 6 in Song et al. (2019a).
The above explanation has been confirmed well for

hot-channel MFRs no matter whether prominences are
involved or not (Song et al. 2017b, 2019b). Then a sub-
sequent question arises: does the new scenario hold
for the CMEs related to coronal-cavity MFRs? Coro-
nal cavities typically exist below 1.6 R! (Maričić et al.
2004; Gibson et al. 2006), and contain flows with speeds
of 5–10 km s−1 and scales of tens of megameters
(Schmit et al. 2009). The density of prominences is ob-
viously higher than their surroundings as mentioned,
while the cavities have a density depletion compared
to their rim and overlying streamer (Marqué 2004;
Fuller & Gibson 2009). Can the coronal cavities evolve
into the bright core of CMEs, i.e., can we unify the ex-
planation for the three-part structure of CMEs wherever
they originate from active regions or quiet-Sun regions?
In this paper, we address this question by means of

observations from two orthogonal perspectives, which
demonstrate that the new scenario can apply for CMEs
resulted from coronal cavity eruptions. The paper is or-
ganized as follows. In Section 2 we introduce the related
instruments, and the observational results are displayed
in Section 3. Section 4 presents the discussion, which is
followed by the summary in the final section.

2. INSTRUMENTS

The event is analyzed with multiple instruments,
including the Atmospheric Imaging Assembly (AIA;
Lemen et al. 2012) on board the Solar Dynamics Obser-
vatory (SDO; Pesnell et al. 2012), the Large Angle and
Spectrometric Coronagraph (LASCO; Brueckner et al.
1995) on board the Solar and Heliospheric Observa-
tory (SOHO; Domingo et al. 1995), as well as the Ex-
treme Ultraviolet Imager (EUVI) and white-light coro-
nagraphs (COR1 and COR2) of Sun Earth Connec-
tion Coronal and Heliospheric Investigation (SECCHI;
Howard et al. 2008) on board the Solar Terrestrial Re-
lations Observatory (STEREO; Kaiser 2005).
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SDO is located in a non-equatorial geosynchronous or-
bit around the Earth, which has an inclination of ∼29◦

and an altitude of ∼35,000 km. SOHO is in an ellipti-
cal Lissajous orbit around the L1 libration point, which
has a distance of ∼1.5 million km from the Earth. Both
SDO and SOHO observe the Sun from the Earth per-
spective. STEREO consists of twin spacecraft orbiting
the Sun, with one ahead (A) of and the other behind
(B) the Earth. The orbital periods of STEREO-A and B
are slightly shorter and longer than the Earth’s, respec-
tively. This makes the twin spacecraft separate from the
Earth in opposite directions, thus STEREO can observe
the Sun from different perspectives and allow us to an-
alyze the three-dimensional eruption of coronal promi-
nence cavities.
The field of view (FOV) of AIA is 1.3 R!, and it can

image the corona in seven EUV passbands with high
temporal cadence (12 s) and spatial resolution (1.2′′).
The 193 Å and 304 Å passbands are used to analyze
the coronal cavity and prominence, respectively. The
LASCO includes three coronagraphs and covers a large
FOV ranging from 1.1 to 30 R!, while only C2 (2.2–6
R!) and C3 (4–30 R!) are available since 1998. This
leaves a FOV gap between the AIA and LASCO. The
FOV of EUVI is 1.7 R!, partially overlapping with that
of COR1 (1.4–4 R!), which enables us to observe the
erupted prominence seamlessly from solar surface to the
outer corona, although with a relatively low cadence (3–
5 minutes for 195 Å and 10 minutes for 304 Å) and
resolution (2.4′′).

3. OBSERVATIONS

An eruption of coronal prominence cavity and the as-
sociated three-part CME were recorded by SDO, SOHO,
and STEREO-A on 2010 October 7 when STEREO-A
was ∼83◦ west of the Earth as displayed in Figure 1. It
is a limb event from the Earth perspective while a disk
one for STEREO-A. The nearly orthogonal perspectives
provide us an excellent opportunity to analyze the na-
ture of the three-part structure of CMEs related to the
coronal cavity.
Figure 2 displays the observations from the Earth di-

rection. Panel (a) shows the prominence recorded by
AIA 304 Å prior to eruption at 03:19:34 UT. The white
line depicts its projection shape. Panel (b) presents the
coronal cavity through AIA 193 Å at 03:19:32 UT, which
is reduced with the radial filter code of solar software
aia rfilter.pro. The code enhances the coronal contrast
by summing a number of solar images and dividing the
coronal component into rings. Then each ring is scaled
based on its radius and pixel brightness relative to its
neighbors. Note that the disk is pulled from the central

image to create the final output. The red dots delin-
eate the outer rim of the cavity. The top rim is outside
of the AIA FOV, which prevents us from tracing the
cavity motion quantitatively in the inner corona. The
coronal cavity indicates edge-on observations from the
SDO and SOHO, i.e., the line of sight is parallel to the
MFR axis. The prominence shape in Panel (a) is super-
imposed on Panel (b) to demonstrate their location rela-
tion. The prominence approximately locates at the cav-
ity bottom, while seems a little lower because the cav-
ity tube is curvy circling the solar surface (Karna et al.
2015b) and the prominence does not just suspend above
the limb.
The cavity begins to ascend slowly from ∼07:00:00 UT

onward, taking away the prominence together. See the
accompanying animation to inspect the complete erup-
tion process. The eruption of coronal cavity leads to
a three-part CME that is observed by the LASCO as
shown in Panel (c), where the bright front is delineated
with blue dots, the dark cavity and bright core are de-
noted with the leftward and upward arrows, respectively.
The CME first appears in the C2 FOV at 7:24:05 UT
and its linear speed is 417 km s−1 (CDAW1). In the inner
corona, the post-eruptive arcades (PEA; Tripathi et al.
2004) imaged with the AIA 193 Å passband is obvious
as pointed by the white arrow in Panel (d).
It is difficult to examine the correspondence between

the coronal-cavity MFR and the CME core by means
of the AIA and LASCO due to the FOV gap between
them, thus we turn to the face-on observations of the
STEREO-A, i.e., the line of sight is perpendicular to
the MFR axis, as shown in Figure 3. Panel (a) presents
the erupting prominence imaged by the EUVI 304 Å at
09:46:15 UT with the red line depicting its projection
shape. Note that this prominence does not exhibit ob-
servable filament feature on the disk of EUVI 304 Å prior
to eruption, possibly due to its small scale and/or high
altitude. The prominence signal becomes weak gradu-
ally when propagating outward, thus a base-difference
image of 304 Å at 11:16:15 UT is employed to demon-
strate its motion and position as shown in Panel (b), in
which Panel (a) is subtracted as the base image. The
red line delineates the prominence position and shape at
this time.
The CME also possesses a three-part structure in the

FOVs of both COR1 and COR2 as shown in Panels (c)
and (d). Panel (c) illustrates the base-difference image
of COR1 observation at 11:15:09 UT (with 06:05:09 UT
as the base time). The CME front is relatively weak

1 https://cdaw.gsfc.nasa.gov



4 Song et al.

in COR1 images and is described with the blue dots.
The prominence shape (red line) in Panel (b) is over-
plotted on COR1 image as pointed with the white arrow.
This prominence can be tracked continuously to COR2
FOV, and corresponds to the sharp and brighter core
portion as delineated with green line and pointed with
the arrow in Panel (d). See the accompanying anima-
tion (left part in each frame) to inspect the correspon-
dence. The length (width) of the prominence increases
from ∼343′′ (86′′) at 11:15:09 UT (Panel (c)) to ∼1190′′

(543′′) at 13:54:00 UT (Panel (d)), which demonstrates
the prominence expansion during its propagation. Panel
(d) presents the three-part CME at 13:54:00 UT, in
which both the leading front and the core are clear. The
white-light images of both COR1 and COR2 illustrate
that the area of the prominence projection only occu-
pies a small portion of the CME core. Therefore, the
prominence can not be responsible for the whole core,
or there still exists a core when the prominence is not in-
volved, consistent with a series of previous observations
(Howard et al. 2017; Song et al. 2017b, 2019a,b).
As mentioned above, the new explanation for the

three-part CMEs suggested that MFRs can be observed
as the bright core, which has been confirmed by the
hot-channel MFRs (e.g., Song et al. 2019b). To connect
the coronal-cavity MFR with the CME core, we need
to find the erupted MFR recorded by the STEREO-A.
No filament channel can be observed in the EUVI 195 Å
image prior to eruption, while an ascending diffuse chan-
nel structure (delineated with the red dots) appears in
the base-difference image of EUVI 195 Å during erup-
tion as shown in Panel (e). This structure is almost
not discernible in the static image due to its weak emis-
sion, while the accompanying animation (right part in
each frame) can illustrate its existence and moving out-
ward. The prominence projection shape in Panel (a)
is over-plotted in Panel (e) as shown with the red line,
demonstrating that the prominence locates at the bot-
tom of the channel, consistent with the relation between
prominence and coronal-cavity MFR in Figure 2(b). In
the meanwhile, the channel width is ∼300′′, close to
the projection width of the coronal cavity when viewed
from STEREO-A perspective. All these suggest that the
EUVI channel correspond to the face-on observation of
the AIA coronal cavity, i.e., the channel is the MFR.
The composite observations of EUVI, COR1 and COR2
demonstrate that the channel evolved into the fuzzy core
of the CME in COR1 and COR2 images, also see the ac-
companying animation (left part in each frame). After
the channel eruption, the PEAs can be observed by the
EUVI 195 Å as pointed with two arrows in Panel (f).

To the best of our knowledge, this should be the first
time to observe an erupting coronal cavity as a coher-
ent channel from quiet-Sun regions. The coronal cav-
ities are filled with plasma with temperatures being a
few MK, e.g.,1.4–1.7 MK (Kucera et al. 2012), 1.67–2.15
MK (Bak-Steslicka et al. 2013), which are not as high as
the hot channel (∼10 MK or beyond) erupted from ac-
tive regions (e.g., Zhang et al. 2012), and not as low as
the prominences (such as 4000 - 20000 K) suspending in
the corona (Park et al. 2013). The coronal-cavity tem-
perature is a little higher than the surrounding corona
(Fuller et al. 2008; Vásquez et al. 2009; Habbal et al.
2010; Reeves et al. 2012; Karna et al. 2015b), thus the
erupting channel from the quiet-Sun region is dubbed as
warm channel.
Figure 4 displays the dual-viewpoint images to fur-

ther illustrate the correspondence of prominence, MFR,
and three-part CME between the observations of SDO
or SOHO and STEREO-A. These images are created
with JHelioviewer2 that is a visualization software for
solar image data based on the JPEG 2000 compres-
sion standard (Müller et al. 2017). Panel (a) presents
the composite image of AIA 304 and 193 Å from the
Earth direction, as well as the composite image of EUVI
304 and 195 (base-difference) Å around 09:27 UT. Note
that the coalignment of the images from different instru-
ments is conducted by the JHelioviewer. The upward
and rightward arrows depict the prominence recorded
by the AIA and EUVI, respectively. As shown above,
the coronal cavity is obvious in the static image of AIA
193 Å, while almost unidentifiable when imaged face-
on with the EUVI 195 Å. The accompanying animation
(left part in each frame) displays the eruption process
from two perspectives simultaneously, and demonstrate
that the coronal cavity and warm channel move out-
ward synchronously, further confirming that they are the
different projections of the tubular MFR (Karna et al.
2015b).
Panel (b) of Figure 4 presents the dual-viewpoint im-

age with a larger FOV, adding the white-light coron-
agraph LASCO (C2 and C3), as well as COR1 and
COR2. This panel demonstrates straightforward cor-
respondences of the three-part structure observed from
different perspectives, especially for the bright front and
dark cavity. See the accompanying animation (right part
in each frame) to examine the correspondences continu-
ously. The CME core in the LASCO image (as depicted
with the upward arrow) is bright and obviously larger
than the sharp core (the prominence, as depicted with

2 http://www.jhelioviewer.org/
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the rightward arrow) in the COR2 image. For edge-on
observation of MFR, the MFR axis is parallel to the
line of sight, along which the projections of the MFR
and streamer make the prominence portion unidentifi-
able from the entire core.
Figure 5 elaborates our observation and explanation

on this three-part CME through a cartoon, where the
bright front and MFR (core) are described with blue
and green, respectively, and the red represents the
prominence (denser core). In this event, the promi-
nence length is much shorter compared to the MFR.
Panel (a) is the edge-on observation from the SDO and
SOHO perspective. As mentioned, the coronal cav-
ity (i.e., the cross section of the large scale quiet Sun
MFR) has a density depletion compared to its rim,
which is expressed with different color saturations. The
mean depletion is 28% at the 1.2 R! according to a
survey based on 24 coronal cavities (Fuller & Gibson
2009). While coronal cavities have higher density than
their both sides along the solar limb, such as the coro-
nal holes and equatorial regions (Koutchmy & Livshits
1992; Fuller & Gibson 2009). This makes that the
coronal-cavity MFR can be imaged as the bright core
of CMEs due to the existence of a low-density zone be-
tween the MFR and the front, see discussion in Section
4. Panel (b) represents the face-on observation of the
STEREO-A. The MFR appears as a coherent channel
and is responsible for the large CME core, containing a
small and brighter core (the high-density prominence).

4. DISCUSSION

When the MFR ascends from its source region, it
expands and stretches its overlying loops successively,
and the background plasmas are compressed or piled
up along the loops, which evolve into the bright front
(Forbes 2000; Chen 2009). Numerical simulations il-
lustrates that the MFR can not fill the full space be-
low the loops during the onset (Antiochos et al. 1999;
Lynch et al. 2008; Fan 2016), supported by the observa-
tions that show a low-density zone existing between the
hot-channel MFR and overlying loops (e.g., Song et al.
2014b). Haw et al. (2018) suggested that a rising elec-
tric current in the MFR can induce a directed elec-
tric current with opposite direction in the surround-
ing corona, then the magnetic force between the inner-
MFR electric current and the induced current propels
the coronal plasma away from the MFR, leading to the
formation of the low-density zone. This zone will be im-
aged as the dark cavity of three-part CME due to its
relatively low density. Our current observations demon-
strate that the warm-channel MFR (coronal cavity) can
also appear as the CME core like the hot-channel MFR

(Song et al. 2019b). Therefore, a unified explanation for
the three-part structure of CMEs might be acquired in
spite of their originating from active or quiet-Sun re-
gions, which suggests that MFRs can evolve into the
CME core, in addition to prominences.
We point out that the prominence and coronal-cavity

MFR could be regarded as the bright core and dark
cavity of three-part CMEs in three cases at least. First,
the density of the CME leading front is relatively low,
thus the front is weak and unidentifiable for the low-
sensitivity coronagraphs; Second, the coronagraphic
FOV is small and only the square region is imaged
as delineated with the dotted lines in Figure 5(a). In
these two cases, the coronal cavity rim might be ob-
served as the bright front with white-light coronagraphs;
Third, the low-density zone is occupied by the expand-
ing and growing coronal-cavity MFR, see Figure 6(c) of
Song et al. (2019a). In this case, the coronal-cavity rim
merges with the leading front.
Just like the erupting hot channel can originate from

the sigmoid prior to eruption (Liu et al. 2010), the warm
channel during eruption might correspond to the fila-
ment channel before eruption. No filament channel is
observed for this event, possibly because the altitude of
the coronal cavity is relatively high as shown in Figure
2(b).

5. SUMMARY

In this paper, we report a three-part CME occurred in
a quiet-Sun region on 2010 October 7, which is induced
by a coronal prominence cavity eruption. This event was
recorded by AIA and LASCO from the Earth perspec-
tive, as well as EUVI and COR from the STEREO-A
perspective. The dual-viewpoint observations provide
us an excellent opportunity to analyze the nature of the
three-part structure as both perspectives are almost or-
thogonal with a separation angle of ∼83◦.
It is a limb event viewed from the Earth direction,

and the AIA 193 Å imaged the coronal cavity and its
eruption process due to the edge-on view. For the first
time, the erupting coronal cavity is observed as a warm
channel from the face-on view in the EUVI 195 Å pass-
band. Thanks to the seamlessly observations provided
by the EUVI, COR1, and COR2, the prominence and
the warm channel can be traced continuously, which
demonstrated that both the prominence and the channel
(coronal-cavity MFR) evolved into the CME core.
Combined with our previous studies that illustrate the

correspondence between the hot-channel MFR and the
bright core (Song et al. 2017b, 2019b), it is likely that we
are walking toward a unified explanation for the three-
part structure of CMEs, which claims that both promi-
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nences and MFRs can correspond to the bright core of
CMEs in the early stage of eruptions. More efforts are
needed to study the formations of the bright front and
dark cavity of CMEs.
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Figure 1. Positions of the Earth (SDO and SOHO) and STEREO in the ecliptic plane on 2010 October 7
(https://stereo.gsfc.nasa.gov/). STEREO-A is ∼83◦ west of the Earth.
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Figure 2. Edge-on observations from the Earth perspective. (a) AIA 304 Å presents the prominence prior to eruption. (b)
The enhanced AIA 193 Å displays the coronal cavity with the prominence outline in Panel (a) over plotted. (c) The associated
three-part CME recorded by LASCO C2. The front is delineated with blue dots, and the dark cavity and bright core are pointed
with the leftward and upward arrows, respectively. (d) The PEA imaged by the AIA 193 Å passband. Panels (a) and (b) are
accompanied by an animation that displays the eruption process of the prominence and coronal cavity from 03:19 UT to 10:39
UT with each frame being a composite image of AIA 193 and 304 Å. The real-time duration of the animation is 3 s.
(An animation of this figure is available.)
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Figure 3. Face-on observations from the STEREO-A perspective. (a) EUVI 304 Å shows the prominence during eruption. (b)
Base-difference image of EUVI 304 Å shows the new position of the erupting prominence. (c) Base-difference image of COR1
displays the three-part CME. (d) The CME in the COR2 image. (e) Base-difference image of EUVI 195 Å shows the erupting
MFR as the warm channel that is delineated with red dots. The prominence location in (a) is over-plotted with red line. (f)
EUVI 195 Å image presents the PEAs. The left part in each frame of the animation (accompanying Panels (a)–(e)) displays the
MFR eruption taking away the prominence together from 07:00 UT to 15:00 UT with a composite observations of EUVI (304
and 195 Å), COR1, and COR2, and the right part in each frame (accompanying Panel (e)) presents the moving process of the
warm channel from 06:25 UT to 12:25 UT through base-difference images of EUVI 195 Å. The duration of the animation is 4 s.
(An animation of this figure is available.)
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Figure 4. Dual-viewpoint images from the Earth and STEREO-A (observing from right) views. (a) The observation through the
AIA (304 and 193 Å) and EUVI (304 and 195 Å), showing the prominence and coronal-cavity MFR. (b) The observation through
the C2, C3, COR1, and COR2, showing the three-part CME. The left part in each frame of the animation (accompanying Panel
(a)) displays the eruption process in the inner corona from 7:00 UT to 11:00 UT, and the right part in each frame (accompanying
Panel (b)) displays the CME in the outer corona from 7:00 UT to 15:00 UT. The duration of the animation is 4 s. Both figures
and animations are created with the JHelioviewer software (Müller et al. 2017).
(An animation of this figure is available.)

Figure 5. A schematic drawing of the unified explanation for three-part structure of CMEs. Panel (a) represents the observations
from edge-on perspective, and Panel (b) for face-on. The coronal cavity or the warm-channel MFR (green) corresponds to the
CME core, just like the hot-channel MFR. See text for details.


