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ABSTRACT

We present an observation of a filament eruption caused by recurrent chromospheric plasma injections (surges/jets)
on 2006 July 6. The filament eruption was associated with an M2.5 two-ribbon flare and a coronal mass ejection
(CME). There was a light bridge in the umbra of the main sunspot of NOAA 10898; one end of the filament was
terminated at the region close to the light bridge, and recurrent surges were observed to be ejected from the light
bridge. The surges occurred intermittently for about 8 hr before the filament eruption, and finally a clear jet was
found at the light bridge to trigger the filament eruption. We analyzed the evolutions of the relative darkness of the
filament and the loaded mass by the continuous surges quantitatively. It was found that as the occurrence of the
surges, the relative darkness of the filament body continued growing for about 3–4 hr, reached its maximum, and kept
stable for more than 2 hr until it erupted. If suppose 50% of the ejected mass by the surges could be trapped by the
filament channel, then the total loaded mass into the filament channelwill be about 0.57×1016 g with a momentum
of 0.57×1022 g cm s−1 by 08:08 UT, which is a non-negligible effect on the stability of the filament. Based on the
observations, we present a model showing the important role that recurrent chromospheric mass injection play in the
evolution and eruption of a flux rope. Our study confirms that the surge activities can efficiently supply the necessary
material for some filament formation. Furthermore, our study indicates that the continuous mass with momentum
loaded by the surge activities to the filament channel could make the filament unstable and cause it to erupt.
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1. INTRODUCTION

The Hα surges were straight or slightly curved mass ejec-
tions stretching out and away from small flare-like brightenings
at footpoints in the chromosphere into coronal heights. They
usually moved upward at 20–200 km s−1, reached heights of
up to 200,000 km, and typically lasted for 10–20 minutes (Roy
1973a; Bruzek & Durrant 1977). They can be seen as dark fea-
tures on the solar disk and usually showed a strong trend toward
recurrence. Surge activities were often associated with certain
types of magnetic activity around their bases in the photosphere,
such as satellite polarity (Gopasyuk & Ogir 1963; Rust 1968;
Roy 1973a), evolving magnetic features (Roy 1973a), moving
magnetic bipolers (Canfield et al. 1996), and light bridge in
the umbra of sunspot (Roy 1973b; Asai et al. 2001). Shibata
et al. (1992) and Yokoyama & Shibata (1995, 1996) show in
their two-dimensional MHD numerical simulations that mag-
netic reconnection between emerging magnetic fluxes and pre-
existing fields actually produce adjacent hot (X-ray) and cold
(Hα) plasma ejections simultaneously. The relationship between
chromosphere surges and similar ejection phenomena at other
wavelengths, such as UV, EUV, and X-ray jets, have also been
studied by a number of authors (Schmahl 1981; Schmieder
et al. 1984, 1993; Svestka et al. 1990; Shibata et al. 1992;
Chae et al. 1999; Canfield et al. 1996; Shimojo et al. 1996;
Zhang et al. 2000; Asai et al. 2001; Liu & Kurokawa 2004;
Jiang et al. 2007a, 2007b; Chen et al. 2008).

A few studies have shown that there is a close correlation be-
tween filament formation and surge activity. For the first time,
Zirin (1976) studied the relationship between surge activity and
filament formation. He reported a short-lived filament produced
by a surge ejection, that is, part of a large surge material was
trapped in the solar atmosphere, forming an obvious dark fil-
ament. The filament lasted for about 30 minutes, then rose up
and returned to the source of the surge. Unfortunately, little

attention was paid to this special phenomenon and the associated
physical process, mainly due to the quick disappearance of this
filament and the fact that there have been no convincing samples
reported since then. Recently, Liu et al. (2005a) also found that
some filaments can be quickly formed in the corona by trapping
the cold material supplied by surges originating from the chro-
mosphere. They also found a newly formed filament that existed
on the solar surface for not less than 20 hr without erupting.

Still a few studies show that there is a relationship between
large-scale CMEs and small-scale surges/jets, in contrast to
energetic flares and eruptive filaments. In a statistical study of
25 CME events with definite associations, Munro et al. (1979)
pointed out that there were five CMEs without an accompanying
eruptive filament but with Hα surges or sprays. Liu et al. (2005b)
reported a close temporal and spatial relationship between
a well-observed emerging flux region (EFR) surge and its
associated jet-like CMEs. However, no filament was involved
in the surge–CME event in this study. Liu (2008) studied
10 large surges and classified them into three types: jet-like,
diffuse, and close loop. He found that the jet-like surges were
always associated with jet-like CMEs; the diffuse surges were
associated with wide-angle CMEs; and the closed-loop surges
were not associated with CMEs. Wang et al. (2001) showed
that an interactive loop can be activated by a surge to trigger
flare and CME. In their study, the surge quickly turned into a
set of disturbances and they suggested that such disturbance
may represent mass transfer and cause the transport of field
lines. Recently, Jiang et al. (2008) reported a rare observation
of direct magnetic interaction between a trans-equatorial jet and
interconnecting loops in the southern hemisphere. Thereafter,
two CMEs were observed within 2 hr in association with the
event.

On 2006 July, a filament eruption in NOAA 10898 (S08W42)
was observed by some ground-based and space telescopes. The
eruption was accompanied by a flare of X-ray class M2.5 and an
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SW-directed halo type CME. We noticed that before the eruption
of the filament there were recurrent surges near one footpoint
of the filament. We also found a close correlation between the
occurrence of the surges and the evolution and eruption of the
filament.

2. OBSERVATION AND DATA REDUCTION

We used data from various ground-based and space solar
telescopes. They include the following.

1. More than 10 hr of Hα filtergrams obtained by the Hα tele-
scope on the the Solar Magnetism and Activity Telescope
(SMAT; Zhang et al. 2007; Su & Zhang 2007) at the Huairou
Solar Observing Station (HSOS). The SMAT is comprised
of two telescopes. One is for the measurement of full-disk
video vector magnetic field observations at 5324.19 Å. An-
other is for the full-disk Hα images at Hα line center. The
CCD of the Hα telescope is 2K×2K with 1′′ pixel−1.

2. Line-of-sight magnetograms were observed by the Michel-
son Doppler Imager (MDI) on board the Solar and
Heliospheric Observatory (SOHO). For the data used in
the current study, the cadence is 90 minutes and the spatial
resolution is about 2′′ pixel (Scherrer et al. 1995).

3. White-light (5000 Å, broad band) and EUV (FeIX/X 171 Å)
observations were obtained by the Transition Region and
Corona Explorer (TRACE; Handy et al. 1999; Schrijver
et al. 1999). The pixel size is about 0.′′5.

For all full-disk images, the alignments are very easy. We find
the center and radius of each image by limb fitting and make
rotational adjustment by visual inspection. For the co-alignment
of TRACE and other images, we use TRACE white-light images
and MDI white-light images at the same time by fitting the
sunspots.

3. RESULTS

Figure 1 contains a sequence of images of this event: a
TRACE white-light image (Figure 1(a)), a TRACE 171 Å image
(Figure 1(b)), an MDI magnetogram (Figure 1(c)), and an Hα
center image (Figure 1(d)). The black curve in Figure 1(a) is the
jet profile according to the jet in Figure 1(b). The white curve
in Figure 1(c) is the filament profile according to the filament in
Figure 1(d). A light bridge was found in the umbra of the main
sunspot in the active region NOAA 10898. The jet was ejected
from the light bridge, and one end of the filament was found to
be terminated at the region close to the light bridge.

From the Hα images, the surges that were observed to be
ejected from the light bridge occurred intermittently at least
8 hr before the filament eruption. After the filament eruption
an EFR with opposite polarity appeared at the top terminal of
the light bridge. The occurrences of the surges were marked
by two rows of thick lines at the top of Figure 4. There were
many small surges ejected from the light bridge (indicated by the
second row of thick lines in Figure 4). In addition, there were
still two relatively large surges ejected from the north corner
of the light bridge (indicated by the first row of thick lines in
Figure 4).

Figure 2 demonstrates the time sequence of Hα center and
TRACE 171 Å images showing the main evolution and eruption
of the filament. From upper panels of the Hα images, it was
found that the filament body continued growing during the pre-
vious 3–4 hr. The filament began to bifurcate from 07:30 UT.
At 08:04 UT, the filament was apparently composed of several

threads that seemed linked together. During 8:11–08:12 UT, a
bright jet appeared at the north corner of the light bridge (indi-
cated by an arrow at 08:12 UT). During 08:15–8:20 UT, a surge
(indicated by an arrow at 08:18 UT) was ejected from the light
bridge into the filament channel; meanwhile, the bottom-left
part of the filament weakened and disappeared in the Hα images
and two initial brightening points appeared. Then, the filament
erupted gradually and the flare appeared. From the bottom panel
of the TRACE 171 Å images, it was found that a bright jet ap-
peared at the N corner of the light bridge at 08:10 UT (indicated
by an arrow at 08:10 UT); in the following 8 minutes, a good
sequence of material was ejected from the same place into the
filament channel. As a consequence, the filament became very
active, then lost its equilibrium and erupted. It should be men-
tioned that although the initial brightening points in Hα images
took place beneath the filament, the initial disturbance of the
filament came from the surges near one of its footpoints, which
was very clear in the high resolution TRACE171 Å images.

The evolution of the relative darkness of the filament would
provide an important clue regarding the evolution of the filament
mass. We calculated the relative darkness of the filament
as follows: first, we choose four quiet regions, which were
located at the top, bottom, left, and right sides of the filament,
respectively, to get the mean darkness of the quiet region(Dquiet)
by averaging the darkness of the four regions; second, we
chose a region (corresponding to the box at 06:22 UT in
Figure 2) covering the main region of the filament to calculate
the relative darkness of the filament; we then defined a threshold
(Dthreshold = Dquiet−16) and the pixel in the region with a
darkness darker than the threshold was regarded as the filament
mass (Di is the darkness of such pixel); finally, the relative
darkness of the filament could be calculated by the equation∑

(Di−Dthreshold/Dthreshold). As an example, we presented a set
of images that was compiled for the calculation of the relative
darkness of the filament at 06:22 UT (Figure 3). The initial
image from which we chose to calculate the relative darkness of
the filament is shown in Figure 3(a). By averaging the darkness
of the four quiet regions from the Hα image at 06:22 UT in
Figure 2, we obtained the mean value of the darkness of the quiet
region Dquiet as 411.0685 and the threshold Dthreshold as 395.069
for the image in Figure 3(a). Thus, the pixels whose values are
less than 395.069 were treated as the filament mass. Thereafter,
some pixels with a value less than 395.069, excluding the
filament mass were excluded first as shown in Figure 3(c). The
pixels in the region of the sunspot were replaced with Dquiet (in
Figure 3(b)) for the same reason. The filament area that was
determined are the white regions in Figure 3(d). According
to the above equation, the relative darkness of the filament
at 06:22 UT was 124.874. Using the Hα center filtergrams
obtained by SMAT/HSOS, we calculated the relative darkness
of the filament and show the result in Figure 4 by two solid
curves and some diamonds. For the curve from 00:45 to 04:00
UT, the relative darkness of the filament continued growing
for about 3–4 hr as the occurrence of the intermittent surges
and the slope of the linearly fitted line is 0.94. From 04:00
to 05:43 UT, the calculated relative darkness of some images
were shown as individual diamonds and the analysis of the
evolution of the relative darkness was omitted, because the Hα
observation stopped for about 1 hr (from 04:10 to 05:10 UT)
due to bad seeing and the images before 04:10 and after 05:10
were also not quite good. For the curve from 05:43 to 08:30
UT, the relative darkness of the filament reached its maximum
and stayed relatively stable for more than 2 hr until its eruption.
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Figure 1. Sequence of images of this event. (a) TRACE white-light image of NOAA 10898. (b) TRACE 171 Å image. (c) MDI magnetogram. (d) Hα center image. The
black curve in (a) corresponds to the jet in (b). The white curve in (c) corresponds to the filament profile in (d). The field of view of each frame is about 225′′ × 210′′.

Figure 2. Time sequence of Hα and TRACE 171 Å images showing the evolution and eruption of the filament. The field of view is about 300′′ × 296′′.
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(d)

(c)
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Figure 3. Sequence of images showing how we get the area of the filament to
calculate the relative darkness of the filament.

The corresponding linearly fitted line showed a slight trend of
decrease with a slope −0.37.

To further examine the relationship between the intermit-
tent surges and the filament, we also estimated the amount of
the mass ejected by the surge and show the result in Figure 4
as a dashed curve with cycles. We used some observed val-
ues: velocity v = 106 cm s−1, area at the base of the surge
A = 1017 cm2, the durations of surges Δt, and typical chromo-
spheric density ρ ≈ 10−11 g cm−3. The amount of mass ejected
by the surges was

∑
ρAvΔt. If suppose 50% of the ejected mass

could be trapped by the filament channel, the amount of loaded
mass by the surges to the filament channel will be 0.5×∑

ρAvΔt.
From Figure 4, it was found that the profiles and trends of the
amount of loaded mass by surges and of relative darkness of
the filament were consistent during 00:45–04:00 UT. Usually,
the typical filament mass was about 1016 g. For this event, by
06:30 UT about 0.5×1016 g mass with a momentum of
0.5×1022 g cm s−1 has been loaded into the filament channel,
which is a non-negligible effect on the stablility of the filament.
Then as the mass was injected by the following surges, the fil-
ament began to bifurcate after 07:35 UT and finally erupted at
08:12 UT. By 08:08 UT, the total loaded mass into the filament
channel was about 0.57×1016 g with a momentum of 0.57×
1022 g cm s−1.

4. CONCLUSION AND DISCUSSION

We have presented a complementary observation of a surge–
filament triggering a flare–CME process on 2006 July 6. This
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Figure 4. Two rows of thick lines at the top of this figure indicate the recurrent
surges. The two solid curves are the relative darkness of the filament during
00:45–04:00 UT and 05:43–08:30 UT. The two dotted lines are the linearly
fitted lines for the two parts, with slopes of 0.94 and −0.37, respectively. The
individual diamonds are some poor data because of bad seeing during 04:00–
05:43 UT. The dashed curve with cycles is the amount of mass loaded by the
intermittent surges. The vertical solid line is the beginning of the flare.

event manifests itself as recurrent surges and filament eruption
resulting in an M2.5 two-ribbon flare and a SW-directed CME
with a speed of 600 km s−1. More than 10 hr of Hα center
observations showed that the surges ejected intermittently from
the light bridge in the umbra of the sunspot NOAA 10898 for at
least 8 hr before the eruption of the filament. We quantitatively
analyzed the evolutions of the relative darkness of the filament
and the loaded mass by the continuous surges. It was found
that as the occurrence of the intermittent surges, the relative
darkness of the filament body continued growing for about
3–4 hr, reached its maximum, and was stable for more than
2 hr until it erupted. If suppose 50% of the mass ejected by
the surges could be trapped by the filament channel, then the
total loaded mass into the filament channel will be about 0.57×
1016 g with a momentum of 0.57×1022 g cm s−1 by 08:08 UT,
which is a non-negligible effect on the stablility of the filament.
From the 171 Å images, it was found that the filament eruption
was triggered by a clear jet at 08:10 UT.

Usually, the surges are mass ejected along straight or slightly
curved open magnetic field lines, while the filament is situated
in a cavity. Why would the surges inject material to the filament
channel? Liu et al. (2005a) have pointed out that the open
coronal lines along which a surge ejected can exist in the filament
channel as axial fields. Following them and based on the above
observation characteristics, we present a sequence of models
to show the important role of recurrent chromospheric mass
injection in the evolution and eruption of a filament. Figures 5(a)
and (b) show that when a newly emerging feature appeared near
a filament channel, the reconnection could occur between the
newly emerging magnetic feature and the nearby coronal line
which is located in the filament channel as axial fields. Under
this condition, the mass ejection by surges can been trapped by
the nearby filament channel. Figure 5(c) shows a surge injection
and the consequent eruption of the filament.

The above morphological and quantitative analyses indi-
cate that there is a close relationship between the filament
development and the chromospheric ejections. The many re-
current surges before the filament eruption must input more and
more mass into the filament channel, which should result in
the mass increase of the filament and then bifurcation of the
filament. Our study confirms that the surge activities can effi-
ciently supply the necessary material for some filament forma-
tion (Liu et al. 2005a). Furthermore, in this study, the continuous
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(a) (b) (c)

Figure 5. Sequence of models showing the relationship between the surges and the filament: (a) the emerging flux rope (EFR) appeared near the axial field of the
filament channel. (b) Reconnection occurred between EFR and the axial field line. Then the surge could be trapped along the axial field into the filament channel. (c)
Surge injection and the consequent filament eruption.

mass with momentum loaded by the surge activities to the fila-
ment channel could make the filament unstable and erupt. The
jet played a trigger for the filament to lose its original equilib-
rium and erupt at the end.

In order to further confirm the association between the
recurrent surges and the evolution and eruption of the filament,
we have investigated the temporal evolution of Hα center
observation from Kanzelhohe Solar Observatory (KSO) in
Austria and found the same result.
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