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Abstract Well-developed filament channels may be present in the solar atmosphere even
when there is no trace of filament material inside them. Such magnetic systems with filament
channels without filaments can result in coronal mass ejections that might appear to have no
corresponding solar surface source regions. In this case study, we analyze CMEs on 9 August
2001 and 3 March 2011 and trace their origins to magnetic systems with filament channels
containing no obvious filament material on the days around the eruptions.

Keywords Coronal mass ejections, low coronal signatures - Coronal mass ejections,
initiation and propagation - Magnetic fields, corona - Prominences, formation and
evolution - Filaments, filament mass

1. Introduction

Coronal mass ejections (CMEs) are typically associated with flares or filament eruptions.
Some studies suggest that the majority of CMEs can be traced back to filament eruptions
(Subramanian and Dere, 2001). There are, however, cases of CME when no flare or filament
eruption has been observed. For example, Robbrecht, Patsourakos, and Vourlidas (2009) re-
ported a STEREO observation of a CME without a clear signature of a solar source region in
the photosphere, chromosphere, or low corona. A recent statistical study by Ma et al. (2010)
finds that about one third of CMEs observed in 2009 exhibit no signature of the eruption
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in the low corona. We suggest that some of these CMEs “from nowhere” may originate in
magnetic systems encompassing filament channels without conspicuous filaments.

A filament channel is a necessary “feature” of the chromospheric-coronal filament sys-
tem (for review, see Gaizauskas, 1998). Filament channels overlay magnetic polarity rever-
sal boundaries (also called polarity inversion lines or “neutral lines”). However, a filament
channel is not a line, but a volume of space around and encompassing a filament (when it
is present) or its future location. Not every polarity reversal boundary has a corresponding
filament channel above and around it: a vital precondition for the formation of a filament
channel is a magnetic field in it having a strong horizontal component aligned with the po-
larity reversal boundary (Gaizauskas, Mackay, and Harvey, 2001). In Ho,, filament channels
can be distinguished by “voids” of coronal mass and an anti-parallel pattern of fibrils on
opposite sides of a polarity reversal boundary (Foukal, 1971; Martin, 1998; Martin, Lin, and
Engvold, 2008; Martin and Panasenco, 2010; Panasenco, 2010). As summarized by Martin
(1998) no fibrils cross the polarity reversal line in a fully developed filament channel. Be-
cause fibrils are field-aligned this implies that the same is probably true for magnetic field
lines associated with fibrils, i.e., no magnetic field lines from active region or network mag-
netic fields cross this polarity reversal boundary at the chromospheric level (Smith, 1968;
Martin, 1990). In other words, magnetic systems associated with filament channels do not
have low-lying long-lived loops across the channel except in their flaring or post-flaring
state (Martin, 1990). However, long-lived loops always exist high above the channel and
high above filament mass in a channel (Martin, 1990).

Filament channels are readily identifiable in He 11 304 A images during the active phase
of solar cycles as dark narrow “corridors”, but they are not clearly visible during the mini-
mum of solar cycles or in circumstances when there is very little magnetic flux surrounding
the polarity reversal boundary. Similarly, dark filament channels can be identified in 195 A
images (e.g., Vasquez, Frazin, and Kamalabadi, 2009). Apparent coronal voids often coin-
cide with filament channels. Not every polarity reversal boundary has a filament channel,
and not every filament channel has a filament (Gaizauskas, 1998). Panasenco and Pevtsov
(2010) have analyzed the evolution of a stable and apparently empty filament channel during
a period of low solar activity, and found that it had some of the ingredients necessary for
filament formation:

i) A magnetic neutral line.
ii) An arcade field overlying the neutral line (Martin, 1990).
iii) A coronal cavity below the arcade.

Panasenco and Pevtsov (2010) did observe an episode, when relatively hot chromo-
spheric material (as observed in He 11 304 A) was injected into the filament channel from
outside (see, Figure 1 in Panasenco and Pevtsov, 2010). However, the emission from this
material rapidly disappeared as the plasma cooled down. Based on the analysis of mag-
netic fields, Panasenco and Pevtsov (2010) concluded that the prime reason for filaments
not forming in that channel was a deficiency in the mechanism that supplies mass for fila-
ments. Several studies have indicated that the existence of filaments is closely related to the
magnetic flux cancellation rate within the filament channel (e.g., Martin, Livi, and Wang,
1985; Martin, 1990; Litvinenko, 1999; Litvinenko and Martin, 1999; Wood and Martens,
2003). In a more recent study, Mackay, Gaizauskas, and Yeates (2008) confirmed that the
convergence of magnetic flux leading to either flux cancellation or reconnection is required
for filament formation.

Partially empty or completely empty filament channels can be observed not only in the
quiet Sun, but also in active regions (Zirker et al., 1997; Martin, 1998). Filament channels
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CME:s from Filament Channels Without Filaments 187

Figure 1 SOHO/EIT 304 A images on (a) 01 August 2001 at 19:19 UT, (b) 11 August 2001 at 07:19 UT,
(c) 14 August 2001 at 07:19 UT. The prominence at the east limb (a) corresponds to the filament channel
observed as a dark void in 304 A and indicated by the arrows at (b) and (c).

without filament mass in Ha in active regions are less common than among the more dis-
persed and lower density magnetic fields on the quiet Sun. In this paper, we present two
case studies of CME originating from a magnetic system on the quiet Sun; each encom-
passes a filament channel largely devoid of filament mass during two to four days prior to
the eruption of the filament. Informally the term “empty” has been occasionally used to refer
to filament channels without the presence of a conspicuous filament material as observed in
Ho and/or He 11 304 A. We cannot rule out that there could be some material present with a
low-enough column density that is undetectable by observations. For example, Heinzel et al.
(2008) have found a column density in Ho: filaments in a range of 1 -5 x 107> gcm™2. The
results of their investigation suggest that if the column density is below 1 x 107> gecm™2,
no filament will be seen in How observations.

2. Magnetic Systems Encompassing Empty Filament Channels
2.1. Case 1: Eruption from Empty Filament Channel on 9 August 2001

Our first case of a magnetic system with an empty filament channel was observed through-
out its entire disk passage during 1 —14 August 2001. Ho. observations show no indication
of continuous filament material in the observed channel during the entire period of observa-
tions. He 11 304 A data also show no filament except on 1 and 2 August when a relatively
hot material visible in 304 A was periodically injected into the filament channel from one of
its ends. Images taken during these two days show a prominence forming along the filament
channel (see Figure 1a). However, this prominence/filament does not persist. Its material
cools down rapidly and vanishes. This filament plasma behavior is similar to one described
in Panasenco and Pevtsov (2010) and can be evidence of a filament channel with periodic
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flow of mass along the filament channel without a clear Ho or 304 A filament in it. As the
region rotates onto the disk, the filament channel becomes visible as a dark void in EUV
lines (Figure 1b, c). There are also small fragments of filament mass visible in Ho that
can be identified in a few places along the filament channel. Similar mass fragments were
described in Pevtsov and Neidig (2005). They might correspond to filament pillars (barbs)
extending down to the chromosphere. In Hot images, higher density exists in the barbs and
lower parts of filaments whereas in He 11 304 A images, the upper parts of the filament are
brighter or not seen in Ho (Lin, 2004).

Figure 2a, b shows an Ho image of the solar disk and a corresponding MDI magnetogram
on 6 August 2001. The white box marks the approximate location of the filament channel
without a filament, and the corresponding area of the magnetic polarity reversal boundary in
the photosphere. The channel has an approximate length of 50 solar degrees. It runs nearly
along the solar meridian and extends from the northern to the southern hemisphere across
the equator. The extrapolation of the photospheric magnetic field using a Potential Field
Source Surface (PFSS) model shows the coronal arcade above the filament channel (Fig-
ure 2¢). Here and in the following discussion we use the PFSS model to represent a possible
magnetic connectivity in the corona. Proper modeling of the magnetic environment in the
filament channel would require a more sophisticated model, and is outside the scope of this
paper. From analyzing the data we conclude that this channel developed during four previous
solar rotations. We estimate that at least five decaying regions from both hemispheres con-
tributed to its formation. An example of such long-lived development of a filament channel
has been described by Gaizauskas, Mackay, and Harvey (2001).

Figure 3 shows the evolution of the area marked on Figure 2a during its disk passage (to
save space, data for 7 August are not shown). The first three images in Figure 3a—c (5, 6 and
8 August) show the filament channel before its eruption. The small fragments of the filament
plasma are still visible in Hot on 5 and 6 August but completely disappear two days before
the eruption on 9 August 2001. One can speculate that such a complete disappearance might
be due to a slow rise of the magnetic system of the filament channel and the surrounding
coronal loop system before its eruption accompanied by an expansion of the filament volume
and a corresponding decrease in the filament density; alternatively the disappearance might
be due to the quenching of the mechanism supplying filament material to the channel. As
described in Pevtsov and Neidig (2005), the fragments of dark material tracing the filament
channel as observed in Ho. represent the filament barbs and their disappearance may be due
to gradual detachment from the chromosphere during slow rise phase of the filament system
before its eruption. Figure 3d shows the filament channel on 9 August, approximately seven
hours after the beginning of the eruption. Figure 3e—g show partial reformation of some
filament fragments after the eruption.

The filament channel just before the associated CME eruption is shown in Figure 4 (top).
The void of the filament cavity observed against the disk in 195 A is indicated by white ar-
rows. Flare-like ribbons at the ends of the loops are rendered more visible by wavelet image
processing (Figure 4, bottom). The direction of the skew of the flare loops is left-handed,
which when combined with known one-to-one chiral relationships (Martin, 1998) implies
dextral chirality for this filament channel. In Figure 5 the post-eruption trans-equatorial ar-
cade is observed in the EIT 284 A image.

A partial halo coronal mass ejection was observed in the LASCO C2 coronagraph on 9
August 2001 by 10:54 UT above NW limb (Figure 6). At first glance, coronal activity on the
disk did not show any dramatic evolution suggesting the occurrence of a CME. Upon close
examination, however, the changes in the corona around the long trans-equatorial filament
channel provide evidence for this channel to be the key site around which the CME occurs.
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CME:s from Filament Channels Without Filaments 189

Figure 2 (a) The filament
channel of the prominence in
Figure 1, here marked by a white
box. It was recorded in Hat at
BBSO, 06 August 2001 at

16:54 UT; (b) MDI magnetogram
and (c) PFSS extrapolation of the
magnetic arcade above the
filament channel on 06 August
2001 at 16:03 UT. While the
PFSS model is an approximation
of the coronal field lines, it
confirms the continued existence
of the channel where it appears to
be empty; an overlying coronal
arcade which is one of the
necessary conditions for the
existence of a filament channel
(Martin, 1990).

@ Springer



A.A. Pevtsov et al.

190

-a1oyds
Iejos Sunejol o) jsurese W YIrm paurour a1ow sreadde [ouueyd juswe[ly 9y} A0UIS JpIM apew a1am (5) — (p) seSew ez 2InSL] Ul UMOYS X0q YA dY) 0) Spuodsariod (0)— (&)
sagewr Jo az1s YL, (OSId) 100 IsnSny ¢ — ¢ porrad awm 2y} ur 9Je] pue A[Je9 0H UI U9s 218 [duueyd Y 9pIsul ewse[d juswe[y ay3 Jo sjuowFely [fews A1dwo oq 03 pareadde
I1 9[IYM [QUUEYD SIY) PI[ppens uoISar a0Ios asoym isnSny ¢ uo uondnio gD 9y IoJe pue 2I0Joq [UULYD Judwe[y ay) Suofe s[uqy jo ureped ouoydsowory) ¢ danSiy

pringer

A



- . E d . S . v e . » - -.0\0. .
A * X ﬂ il \“ - b‘ .
e - A J ~9 rw.\. a Lv‘ .\ B
.
: 3 - . -
- . .
L 5 o _a N 3 - \ ;
- . ﬂ ” - . «
p L ) . » ﬁ.~ . L 0
—l - n‘.. ' e b a.\.
4 - l/.- * »~ . o r .
’ - F - \ . e
b A
e SRR
AL e
7 hq.»wﬁm..; S a
. [ A5 S LT
rd \ - . i
: e...@....s v 2 X
w -y o N .
J.A - ‘.‘ - \.o. > .;..ﬁll lc’
M ' 7 nr.- _s.ut. hr..u.. i ¥
v I ’V > af e N v
d . sy g i
Y s T "
SR é i
sl ‘p,‘ ..1.4..!ﬂ. ..... AR .-Vl 2~ A
; A LT B NSR7
b ¥ e . .-Nw..fi q.. G A .J
L .‘ .n_»._w.. —.fbﬂ.ﬂ”l. A
\_aﬁ./mfﬂ 2V 8
.o 1 e - ll'.n A *n"" = 4
R 2 ) 1
i B\ S M.. 5
2 P A e 2 2
s !flu .‘.f.nﬂ; RIS =

09 A

00op



192 A.A. Pevtsov et al.

Figure 5 SOHO/EIT 284 A images taken prior to a CME (a: 9 August 2001, 7:06 UT) and early in the
eruption (b: 9 August 2001, 12:06 UT). New, post-eruption, trans-equatorial, bright, unresolved structure is
clearly visible near west of an isolated coronal hole that is elongated and has a north—south orientation and
crosses the equator near central meridian.

Figure 6 Although originating
from near disk center, this partial
halo CME is seen entirely at the
west limb. This is evidence that
the CME was strongly non-radial
away from the elongated coronal
hole nearly along the central
meridian in Figure 5.
(SOHO/LASCO C2 09 August
2001 at 12:30 UT.)

The timing of events in this first case, observed on the solar disk in EIT 195 A data,
provides observational evidence for a CME originating from above and around the trans-
equatorial filament channel situated near the disk center on 9 August. No filament material
was observed in this channel in Ho, or He 11 304 A spectral lines. Therefore, we refer to it
as an “empty” filament channel at the time of the associated CME and during the preceding
day. A wide post-eruption trans-equatorial set of “loops” crossing the filament channel was
observed in EIT 284 A (Figure 5b) and soft X-ray (Yohkoh) images, which indicates the
presence of high temperature coronal plasma formed at the sides of the filament channel
during the CME formation. Hoo images show no brightenings along the filament channel that
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CME:s from Filament Channels Without Filaments 193

Figure 7 Magnetic field lines from the PFSS model on 08 August 2001 18:04 UT (a) “on disk” and (b) “off
limb” projections. White lines correspond to closed field lines of the arcade overlying the filament channel;
the green lines are open field lines originating in an isolated coronal hole east of the filament channel. Under
these circumstances, any CME originating from the coronal arcade is expected to be non-radial to the west
away from the magnetic field of the coronal hole as indicated in Figure 6.

could indicate a reconnection process if a “flux rope” structure was formed at the beginning
of the eruption. On the other hand, we do see two compact brightenings near the northern
and southern ends of the filament channel in the early stages of the eruption (no figure is
shown). These brightenings suggest that a horizontal structure with at least one continuous
field line connecting the two ends of the filament channel has already been present at the
very early stages of the eruption. Additionally, EIT 304 A and 195 A images show weak
brightenings on opposite sides of the filament channel near its middle part, as well as thin
bright loops reminiscent of post-flare loops. This evolution observed during the early stages
of the eruption around this filament channel shows several aspects typical for the classical
two-ribbon flare scenario, albeit with much weaker intensity.

The potential field extrapolation (Figures 2c and 7) reveals the presence of a magnetic
arcade above the filament channel. The magnetic polarity of the footpoints on the eastern
side of the arcade is positive, the same as that of the coronal hole situated to the east of the
filament channel. In the LASCO C2 coronagraph, the CME front can be clearly identified
in images taken at 10:54 UT. Using difference images, we manually traced the CME’s front
in five consecutive images. The change in height of the CME front (Fcyg) with time (f)
was fitted by second degree polynomial to arrive at an initial speed of 257 kms~! and an
acceleration of & 0.024 km s 2 relative to its first appearance at 10:54 UT: Foye = (257 &+
20) - ¢ 4+ (0.012 & 0.002) - £. By the time the CME left the LASCO C2 field of view, the
CME front was moving with a speed of about 450480 km s~ in the image plane.

Although the CME had originated around the filament channel near the disk center, the
CME was observed propagating mostly from the west limb of the Sun. We suggest, based on
use of the PFSS modeling (Figure 7), that the CME had non-radial motion that is consistent
with deflection toward the west by the open magnetic field of an isolated coronal hole.
Deflection of CMEs by coronal hole boundaries has been reported by several researchers
(e.g., Gopalswamy et al., 2003, 2009; Cremades and Bothmer, 2004; Panasenco et al., 2011).
Figure 7 shows that the approximate configuration of the coronal hole, situated farther away
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from the filament channel, would allow deflection of the CME to take place high in the
corona.

Between 12 August (about 10:40 UT) and 13 August (= 11:00 UT), in situ measurements
from ACE and WIND spacecraft registered a passage of an interplanetary CME (ICME).
Taking the first indication of the ICME disturbance in ACE data as the ICME front yields
an average ICME velocity of about 580 kms~!, which seems to be in general agreement
with estimates based on LASCO observations. The ICME had a complicated structure with
multiple reversals in the direction of all three components of its magnetic field. Due to this
complexity, we did not attempt fitting any axi-symmetric model of magnetic cloud to ACE
data.

Geomagnetic measurements of the A ,-index show an onset of a major geomagnetic
storm at approximately 22:40 UT on 12 August (A ,-index = 56 at storm’s maximum at
4:30:43 UT on 13 August). Using the calculated time difference (* 3.5 days) between the
estimated CME eruption and the beginning of geomagnetic storm yields an average speed
of the CME of about 500 kms~!, which, again, is in agreement with CME speed measured
from LASCO C2 images. This general agreement between CME speeds measured near the
Sun, at the location of ACE, and at 1 AU supports our conjecture for a causal relation be-
tween this CME and the ensuing geomagnetic storm.

Observations from the LASCO C3 coronagraph show two CMEs on 9 August 2001
(one from the west limb studied here, and the other leaving the east limb at approximately
22:18 UT). The measured speed of the CME associated with the empty filament channel
suggests that the interplanetary CME observed by ACE and WIND is caused by the CME
from the west limb. However, the size of the ICME at the locations of ACE and WIND is
significantly larger than one that can be inferred from a relatively short-duration geomag-
netic storm. Also, the timing between, the ICME onset at the location of ACE and WIND
and the onset of the geomagnetic storm, suggests that this ICME had largely missed the
Earth. Thus, the geomagnetic storm observed on 13 August can be associated with one of
the “threads” of the ICME observed at ACE and WIND. The complex magnetic topology of
the ICME could be explained as the result of interactions between CME flux rope structure
originating from the magnetic field over the filament channel and the magnetic field of the
coronal hole.

2.2. Case 2: Eruption from a Filament Channel on 3 March 2011

A CME without a clearly identifiable source region on the disk was observed on 3 March
2011 by the two STEREO and the SOHO spacecraft. The separation angle between
STEREO A and B was about 182° allowing observation of the CME from its two opposite
sides while the front view was deduced from SOHO/LASCO data (see Figure 8). Similar to
case 1, there initially was no clearly identifiable source region for this CME. By applying
a geometric triangulation method to STEREO A and B data, we have estimated the heli-
ographic coordinates of the source region as ~S35° £ 10°, W15° £ 10°. Figure 9 shows
the derived area against SDO/AIA 193 A, SDO/HMI magnetogram and Ho, BBSO images.
Additional inspection of this data around the triangulated heliographic coordinates places
the source of the CME on a filament channel without a definite filament in the southern
hemisphere. Figure 10 shows three consecutive images during the early and late stages of
eruption. White arrows in Figure 10 indicate the two-ribbon flare-like emission developing
in the corona on both sides of filament channel at the time of the overlying eruption. The fil-
ament channel is clearly identifiable in Ho images (Figure 11). On Figure 11 (upper panel),
the filament channel can be seen as a slightly darker curved “path” that begins south-west
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CME:s from Filament Channels Without Filaments 195

Figure 8 Left and right panels: the CME observed by the COR2 instrument onboard STEREO-B and
STEREO-A, respectively, on 03 March 2011 at 09:09 UT. The simultaneous observations of a CME on
both STEREO A and B in these orientations can only be due to an event with its origin near the middle of the
solar disk. Middle panel: Half-halo CME observed by SOHO/LASCO C2 03 March 2011 at 09:12 UT.

(below and to the right) of bright active region plage, and “arches” below the active region
to the east. On Figure 11 (lower panel), the location of the filament channel is marked by
dark fragments of filament material. The background of the channel appears to be slightly
darker on average than the surrounding areas (Figure 11, top) due to the relative absence of
plagettes or bright areas in the channel. In images of higher spatial resolution than these,
one would typically be able to see some of the fibrils in the channel. Especially near the fila-
ment segments and along the boundary between the opposite polarities, fibrils align with the
polarity reversal boundary or have a component aligned with the polarity reversal boundary.

As the characteristics of observed changes are gradual and minor in the chromosphere
and corona, we suggest there is gradual loss of equilibrium prior to the onset of this CME.
As one possibility, the new flux emergence in the vicinity of the filament channel may lead
to the destabilization of filaments contained within them (e.g., Bruzek, 1952). The Bruzek
relationship of specific erupting quiescent filaments to the birth of new active regions has
been verified in subsequent studies (Feynman and Martin, 1995; Wang and Sheeley, 1999;
Feynman and Ruzmaikin, 2004; Jing et al., 2004; Balasubramaniam et al., 2011). The erup-
tion on 3 March 2011 happened at the time when a new strong active region began to emerge
northwest from the filament channel. Figure 12 shows PFSS magnetic field line extrapola-
tions in the vicinity of the filament channel before and after the new active region’s emer-
gence.

Our application of the model allows us to deduce whether the new flux could or does
interact with the coronal fields that straddle the filament channel. It is clear from Figure 12,
as new magnetic flux emerges, some of its field lines connect to preexisting flux of an-
other active region. In turn, this leads to establishing new magnetic connections between the
mature active region and one of polarities of magnetic arcade overlying filament channel.
Thus, new large flux emergence could result in a change to the overall magnetic configu-
ration around the filament channel and a weakening or decrease of the overlying coronal
arcade field by transferring connectivity to the newly emerged adjacent magnetic flux. Sim-
ilar changes in magnetic connectivity have been recently observed by Balasubramaniam et
al. (2011) prior to a filament eruption. We should emphasize, however, that we use field lines
extrapolated from the PFSS model only as a graphical representation of possible change in
the topology. To properly model this development, a more sophisticated model would be
needed that takes into account possible non-potentiality of the magnetic field around fila-
ment channel. It is worth noticing, however, a recent paper by Liu, Zhang, and Su (2011)
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Figure 9 The source region of the CME in Figure 8 is identified with the filament channel and polarity
boundary within the white boxes. From top to bottom (all on 2 March 2011): (a) SDO/AIA 193 A at 18:00 UT,
(b) BBSO Hot at 17:56 UT, and (c) SDO/HMI at 17:53 UT.
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Figure 10 Brightenings reminiscent of a weak two-ribbon flare were observed after the slow CME eruption
by SDO/AIA 193 A: (a) 14:00 UT, 2 March 2011, (b) 21:15 UT, 2 March 2011, and (c) 09:15 UT, 3 March
2011. Unlike post-flare loops, these coronal structures on each side of the channel (shown by the white arrows)
do not appear to straddle the empty filament channel although they develop together with a small transient
coronal hole southward from channel.
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Figure 11 Chromospheric pattern of plagettes and fibrils along the filament channel (a) before and (b) after
the flare-like brightenings and CME that both straddle this filament channel. Small fragments of the filament
plasma are seen here inside this relatively empty channel observed in Ho. (BBSO). Panel (a) shows data from
2 March 2011 at 17:56 UT, and (b) is for 3 March 2011 at 17:56 UT.

who compared the configuration of coronal magnetic fields from PFSS and non-linear force-
free (NLFFF) models. They found that NLFFF and PFSS extrapolations agree reasonably
well at the heights > 2000 km above the photosphere. Wang and Sheeley (1999) used the
PFSS model to investigate the effects of a newly emerging flux on coronal arcades overlying
filaments. They concluded that emergence of a new magnetic flux in the vicinity of filaments
will weaken the coronal arcade above filaments and may lead to their eruption. The situa-
tion shown on Figure 12 appears to be in agreement with conclusions of Wang and Sheeley
(1999).

Unlike the eruption of 9 August 2001 (our case 1), this CME did not produce an ICME at
the ACE spacecraft location. No geomagnetic storm associated with this CME was observed
either. Given the observed trajectory, we suggest that the CME passed the Earth orbit below
the ecliptic plane.
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CME:s from Filament Channels Without Filaments 199

Figure 12 SDO/HMI magnetograms and corresponding magnetic field lines from the PFSS model before
(panel (a), 2 March 2011) and during the emergence of the new active region (panels (b) 3 March 2011,
(c) 4 March 2011, and (d) 5 March 2011. Time in all panels corresponds to 06:10 UT). While the PFSS
model is not expected to exactly represent conditions of solar magnetic fields, it provides evidence that at
least the depicted amount of change most likely occurred in association with the emerging active region and
that these changes would be consistent with altering the magnetic configuration sufficiently to result in the
flare in Figure 10 and the associated CME in Figure 8.

3. Discussion

Two examples described in this article indicate that CMEs can erupt from relatively empty
filament channels, and that such CMEs can produce both geoeffective and non-geoeffective
CME:s. In the absence of a clearly identifiable source region on the disk, successful detec-
tion of the origin of such “stealth” CMEs requires a wide and complex examination of the
filament channels as candidate sources, together with the monitoring of new flux emergence
in the vicinity of filament channels.

CMEs from magnetic systems encompassing filament channels without conspicuous fila-
ments, similar to the ones described in this article, may explain CMEs that appear as having
no obvious source regions on the solar disk. Close examination of EIT 304 A images taken
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around the time of the event reported in Robbrecht, Patsourakos, and Vourlidas (2009) shows
a compact brightening similar to footpoint brightenings characteristic of the phase of max-
imum acceleration of erupting filaments (Wang, Muglach, and Kliem, 2009). Also, after
the CME, we see the formation of two elongated fragments of the chromospheric filament
material inside the channel. These fragments are indicative of the location of the chromo-
spheric filament channel, which apparently did not contain dense material prior to the CME.
In our opinion, these post-eruption features suggest that the CME described in Robbrecht,
Patsourakos, and Vourlidas (2009) could also have originated from a magnetic system with a
filament channel without a conspicuous filament. For additional examples of CMEs without
obvious solar surface source regions, we refer the reader to the events described in Bhatnagar
(1996), McAllister et al. (1996), and Shakhovskaya, Abramenko, and Yurchyshyn (2002).
Another more recent example is the CME eruption on 23 May 2010 at about 16:00 UT ob-
served by Solar Dynamics Observatory (SDO). Preliminary analysis of data suggests that
this CME may have also originated from a filament channel without an obvious filament.
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