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ABSTRACT

Aims. We study the onset of a solar eruption involving a filament ejection on 2007 May 20.
Methods. We observe the filament in Hα images from Hinode/SOT and in EUV with TRACE and STEREO/SECCHI/EUVI.
Hinode/XRT images are used to study the eruption in soft X-rays. From spectroscopic data taken with Hinode/EIS we obtain bulk-
flow velocities, line profiles, and plasma densities in the onset region. The magnetic field evolution was observed in SoHO/MDI
magnetograms.
Results. We observed a converging motion between two opposite polarity sunspots that form the primary magnetic polarity inversion
line (PIL), along which resides filament material before eruption. Positive-flux magnetic elements, perhaps moving magnetic features
(MMFs) flowing from the spot region, appear north of the spots, and the eruption onset occurs where these features cancel repeatedly
in a negative-polarity region north of the sunspots. An ejection of material observed in Hα and EUV marks the start of the filament
eruption (its “fast-rise”). The start of the ejection is accompanied by a sudden brightening across the PIL at the jet’s base, observed
in both broad-band images and in EIS. Small-scale transient brightenings covering a wide temperature range (Log Te = 4.8−6.3) are
also observed in the onset region prior to eruption. The preflare transient brightenings are characterized by sudden, localized density
enhancements (to above Log ne [cm−3] = 9.75, in Fexiii) that appear along the PIL during a time when pre-flare brightenings were
occurring. The measured densities in the eruption onset region outside the times of those enhancements decrease with temperature.
Persistent downflows (red-shifts) and line-broadening (Fexii) are present along the PIL.
Conclusions. The array of observations is consistent with the pre-eruption sheared-core magnetic field being gradually destabilized
by evolutionary tether-cutting flux cancelation that was driven by converging photospheric flows, and the main filament ejection being
triggered by flux cancelation between the positive flux elements and the surrounding negative field. A definitive statement however
on the eruption’s ultimate cause would require comparison with simulations, or additional detailed observations of other eruptions
occurring in similar magnetic circumstances.

Key words. Sun: filaments, prominences – Sun: coronal mass ejections (CMEs) – Sun: UV radiation – Sun: X-rays, gamma rays –
Sun: flares

1. Introduction

Understanding the driver and trigger mechanisms for solar erup-
tions is a prominent issue in current solar physics research. It is
widely accepted that solar eruptions are of magnetic origin; their
manifestations include solar flares, filament eruptions and coro-
nal mass ejections (CMEs). These phenomena play an important
role in understanding, and ultimately predicting, space weather.

Regions that erupt are locations with enhanced magnetic
fields, often an active region. In the low solar atmosphere the
magnetic field pressure dominates the plasma pressure and grav-
itational forces, and so fundamentally the question is one of
balance between between the magnetic elements involved, with
(at least in simple bipole cases) downward-directed magnetic

� The video that accompanies Fig. 3 is only available in electronic
form at http://www.aanda.org
�� Current address: JAXA/Institute of Space and Astronautical
Science, Hinode Group, Yoshinodai 3-1-1, chuo-ku, Sagamihara,
Kanagawa, 252-5210, Japan.

tension restraining the magnetic pressure trying to expand the
field outward. For a given region, these forces can remain in bal-
ance for days or even weeks, as for example demonstrated some-
times by the presence of long-lived filaments residing on a po-
larity inversion line (PIL) of the region. Eventually however, the
balance breaks down, and an eruption, often but not necessarily
involving a filament, occurs along the PIL (e.g., Zirin 1988).

Several ideas have been advanced for the eruption on-
set mechanism. For the eruption to occur, the magnetic bal-
ance must be disrupted in favor of the upward-directed pres-
sure force. Discussions of ideas for eruption onset mechanisms
are presented in detail in several works and reviews, in-
cluding van Driel-Gesztelyi et al. (2002); Klimchuk (2001);
Linker et al. (2003); Forbes et al. (2006); Moore & Sterling
(2006); van Driel-Gesztelyi (2009). Recently the consensus is
that a “storage and release of energy” process occurs, where pos-
sible methods to release the energy are numerous.

We briefly recall a few of the proposed ideas here. “Tether
cutting” is where magnetic tension restraining the sheared core
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field of a bipolar magnetic arcade is released by internal re-
connection above the polarity inversion line of the arcade (e.g.,
Moore et al. 2001). “External tether cutting”, or “breakout” re-
connection, is similar to tether cutting in that it is a tension-
release mechanism via reconnection, but here it occurs between
the arcade envelope of the erupting field and an overarching,
restraining, reversed field (Antiochos 1998; Antiochos et al.
1999). “Flux cancelation” (Martin et al. 1985), is when flux
disappearance at the PIL leads to eruption; as formulated by
van Ballegooijen & Martens (1989), this cancelation is due to
reconnection, similar to the tether cutting idea, except in this
case the emphasis is on the cancelation continuing over an ex-
tended period prior to eruption. “Current increase”, for example
via emergence of strongly-twisted flux ropes from below the sur-
face (Leka et al. 1996), could also result in eruption (e.g., Amari
et al. 2004). Another source for the onset of fast eruption is an
“ideal MHD instability”, for example driven by continued shear-
ing of photospheric fields, where the fast eruption begins with-
out pre-existing current sheets and reconnection (e.g., Kliem &
Török 2006; Fan & Gibson 2007). Even in this case however, in
most if not all events internal tether-cutting reconnection begins
soon after the start of the fast eruption of the sheared core field
and produces most of the event’s particle acceleration and flare
heating. There are rare “stealth” eruptions that produce a CME
but have flare signatures that are very weak or absent, indicat-
ing weak or absent particle acceleration and plasma heating by
reconnection (e.g. Hudson et al. 1998; Robbrecht et al. 2009).

Although the above mechanisms are often listed separately,
even using numerical models it can in practice be difficult to dis-
entangle which mechanism is actually responsible for fast erup-
tion. Specifically, essentially all of the above-mentioned mech-
anisms lead to fast eruption only after the system is slowly
evolved so that it no longer satisfies a stability criterion, and
consequently erupts via an ideal MHD instability. For example,
Aulanier et al. (2010) model the flux cancelation scenario, which
leads to the eventual formation of a helical flux tube. But they
conclude that photospheric flux cancelation alone is unlikely to
produce eruption of the flux rope. Rather, the system actually
erupts only after the system evolves to where a “torus instabil-
ity” (Kliem & Török 2006; Isenberg & Forbes 2007) ensues.
Thus in this case flux cancelation caused the system to evolve
until the ideal MHD instability mechanism could take place.

Observationally, disentangling some of mechanisms can be
an even greater challenge, as discussed in some detail by Moore
& Sterling (2006). They conclude that two, or even all three
mechanisms from among tether cutting, breakout, and ideal
MHD instability, can be working in close succession or in tan-
dem in leading to eruption onset, so that observationally it is
often hard to distinguish exactly which mechanism is ultimately
responsible for eruption onset. Moreover, Zhang et al. (2008)
show that the relationship between flux emergence and eruptions
is complex, and they conclude that the appearance of flux emer-
gence alone is not unique for the initiation of CME eruption.
That is, flux emergence, and perhaps cancelation, could be oc-
curring frequently, but only leading to eruption when some other
conditions are fulfilled.

Ultimately, we aim to know what conditions and processes
are required for eruption in terms of the proposed or yet-to-
be proposed mechanisms. This may differ from event to event.
By studying individual case events, we hope to formulate a better
understanding of the eruption process.

With the above background and cautions in mind, we pro-
ceed noting that Chifor et al. (2007) showed that preflare ac-
tivity in the form of discrete, localized X-ray brightenings are
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Fig. 1. Temporal X-ray evolution during the 2007 May 20 event mea-
sured by GOES in the 1−8 Å channel. Indicated on the figure are the
times during which Hinode/EIS obtained the fast-cadence and the con-
text raster observations.

precursors to filament eruptions, based on their observations of
eight filament eruptions. They concluded that those events are
evidence for a tether-cutting mechanism triggering the eruptions.
Other studies have highlighted the importance of magnetic flux
emergence or cancelation in triggering eruptions (e.g. Rust 1976;
Heyvaerts et al. 1977; Sterling et al. 2007a).

Recent, advanced observations taken with the Hinode solar
observatory can further our knowledge of the physical mecha-
nisms responsible for solar eruptions (e.g., Sterling et al. 2007b;
Su et al. 2007; Tan et al. 2009). In this paper we present a multi-
wavelength analysis of a filament eruption observed with Hinode
on 2007 May 20. Including complementary data from SoHO,
TRACE, and STEREO, we study the physical mechanisms lead-
ing up to, and triggering the eruption.

As we will show, this event includes dynamic filament ac-
tivity in the form of a surge jetting out along a main PIL of
the region. The ejection occurs between positive and negative
sunspot groups that had been converging for an extended pe-
riod before eruption, and the foot of the surge was at a location
were magnetic flux cancelation occurs, suggesting that the can-
celation played an important role in the filament ejection and
subsequent flaring onset. For our event, the preflare “activation”
activity (activity starting prior to significant soft X-ray flare in-
crease) includes the early-phase surge movement, and thus our
findings are consistent with the cancelation resulting in this ac-
tivation and triggering of the main eruption.

2. Overview of the instrumentation and data

The event was located in NOAA solar active region 10956 and
produced a small flare of GOES class B6.7 starting at 04:52 UT
and peaking at 05:56 UT on 2007 May 20 (Fig. 1). A white-light
CME was first detected with SoHO/LASCO/C2 at 06:48 UT1,
having a linear speed of ∼275 km s−1. The same region produced
an eruption on 2007 May 19 (see Sect. 8), although the topic of
this paper is only the eruption of May 20.

The filament material that erupted was observed in images
taken with Hinode/SOT (Solar Optical Telescope; Tsuneta et al.
2008) in Hα. This data set consisted of images obtained ev-
ery 1 min between 04:00−05:46 UT with a spatial resolution
of 0.16′′/pixel. SOT used its narrow-band filter to observe in Hα,
and so filtergraph magnetic data were not available for this study.

1 http://lasco-www.nrl.navy.mil/cmelist.html
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Table 1. Line list included in the “CAM_ARTB_RHESSI” observational sequence for EIS.

Ion Wavelength (Å) Log Tmax
∗ (K) Note

Fe viii 185.21 5.6 5.8, after Young et al. (2007a,b)
Fe xxiv 192.03 7.1
Ca xvii 192.82 6.7 EIS core line
Fe xii 195.12 6.1 EIS core line
Fe xiii 202.0, 203.8 6.2 density pair (109–1011 cm−3)
He ii 256.32 4.8 EIS core line
Si x 258.37, 261.0 6.1 density pair (107–1010 cm−3)
Fe xvi 262.98 6.4
Fe xxiii 263.76 7.1
Fe xiv 264.79, 274.2 6.2 density pair (108.5–1011 cm−3)
Mg vii 278.39, 280.75 5.8 density pair (109–1011 cm−3)
Fe xv 284.16 6.3

Notes. (∗) Temperature of the fractional ion population peak from Mazzotta et al. (1998).

Instead, we used data from MDI (Michelson Doppler Imager;
Scherrer et al. 1995) aboard SoHO to measure the magnetic field
over a period of several days.

A partial filament eruption was also observed in im-
ages from TRACE (Transition Region and Coronal Explorer;
Handy et al. 1999) and from the SECCHI/EUVI (Sun Earth
Connection Coronal and Heliospheric Investigation/Extreme
UltraViolet Imager) instrument onboard the STEREO (Solar
TErrestrial RElations Observatory; Wüelser et al. 2004) space-
craft (A and B). TRACE observations were obtained in the
171 Å filter (which has a peak response of ∼1 MK), while
SECCHI/EUVI observed in the 171 Å, 195 Å (∼1.5 MK) and
304 Å (∼60 000 K) filters. TRACE images have a cadence
of 1 min and a pixel size of 0.5′′. STEREO observed the full
disk with a cadence of 2.5 min for the 171 Å images and 10 min
for the 195 and 304 Å images. The EUVI spatial resolution
was 1.59′′/pixel. We observed the region in EUV with STEREO
and TRACE from several hours prior to eruption, covering the
preflare activity and entire event.

We analyzed images taken by Hinode/XRT (X-ray
Telescope; Golub et al. 2007) through its “Ti_poly” filter, which
is sensitive to plasmas mainly in the 2−5 MK range. We studied
XRT images obtained between 04:00 UT and 08:00 UT, with a
cadence of 30 s for most of the period and a pixel size of 1′′.

Starting at 00:59 UT on May 20, Hinode/EIS (EUV
Imaging Spectrometer; Culhane et al. 2007) ran the
“CAM_ARTB_RHESSI” observing sequence consisting of
a series of fast-cadence rasters until 05:30 UT followed by a
context raster starting at 06:40 UT (Fig. 1). Data were not taken
during the following periods when the satellite was in spacecraft
night: 01:11−01:41 UT, 02:52−03:18 UT, 04:29−04:39 UT,
05:27−06:40 UT. EIS covers two wavelength bands: 170−211 Å
and 246−292 Å, referred to as the short wavelength and the long
wavelength bands, respectively. The “CAM_ARTB_RHESSI”
sequence has been first reported by Chifor et al. (2008). This
sequence was designed to investigate the small-scale, transient
energy release in active regions. It includes a range of some
of the strongest transition region and coronal lines observed
with EIS covering a wide temperature range. The line list for
this sequence is given in Table 1, with the temperatures of the
fractional ion population peaks from Mazzotta et al. (1998). The
hot Fexxiv flare line at 192.03 Å is also covered. We note that
according to Young et al. (2007a,b), Feviii seems to be formed
at Log Te = 5.8 rather than the temperature of log T (MK) = 5.6
as predicted by Mazzotta et al. (1998). Included in the sequence

are line pairs (Mgvii λ278.39/λ280.75, Six λ258.37/λ261.04,
Fexiii λ203.82/λ202.04, and Fexiv λ264.79/λ274.20), which
have density diagnostics capability (Young et al. 2007a,b). The
fast cadence rasters (∼3.5 min each) have a field of view (FOV)
of 40′′ × 120′′, while the context raster (lasting ∼20 min) has a
wide FOV of 240′′ × 240′′. Both the context and the fast rasters
use the 2′′ EIS slit.

We calibrated the EIS line intensities in units of
erg cm−2 s−1 sr−1 Å−1 at each pixel in the data set, by us-
ing the standard processing code eis_prep available in the
SolarSoftWare (SSW) suite of software routines. We then fitted
the spectrum obtained at each raster pixel with a Gaussian func-
tion using the SSW eis_auto_fit routine. To extract Doppler-shift
information, one needs to correct for the EIS slit tilt, which is not
perfectly vertical on the CCD. We obtained the slit tilt using the
eis_wave_corr routine and then subtracted it from the fitted line
center positions. Additionally, there is an orbital variation of the
spectral line position due to the thermal changes across the in-
strument. This effect is usually determined by fitting a spline to
the variation of the lines within the raster. In practice, the dura-
tion of the raster needs to be at least 10 min for this method to
be applied. We note, however, that in the case of our fast rasters,
with a cadence of ∼3.5 min, the effect of the orbital variation
should be small.

Both XRT and EIS images contain some pointing jitter due to
small spacecraft motions, as well as orbital thermal changes that
slightly modify the geometry of the instrument with respect to
the spacecraft. The jitter is conspicuous particularly in the case
of relatively small FOV images such as the fast-cadence EIS ob-
servations used in this analysis. To correct for both the jitter and
orbital distortions in XRT images, one can use the SSW xrt_jitter
routine, which makes the correction based on sun sensor signal
information and an orbital variation model (Shimizu et al. 2007).
We attempted to correct the jitter observed in the EIS movies,
by interpolating the XRT offsets (east-west and north-south) to
the times of the EIS observations. We shifted the EIS data sets
by the resulting offsets, however this correction did not seem to
remove the EIS jitter entirely. It is possible that there are further
unknown small spacecraft motions, as well as orbital thermal
changes related specifically to EIS, which the XRT correction
does not account for. We note that the offsets are small, with the
accuracy of this correction estimated at better than 5′′.

To interpret the multi-wavelength observations, it is impor-
tant to co-align the various data sets carefully. There is an instru-
mental offset between the images taken in the two EIS CCDs
(Young et al. 2007b). To take this effect into account, we shifted

Page 3 of 14



A&A 521, A49 (2010)

 (a) SOT Hα: 20-May-2007 04:00:13 UT
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 (b) SOT Hα: 20-May-2007 05:14:52 UT
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Fig. 2. Hinode/SOT Hα images with SoHO/MDI contours superimposed, showing the context of the observed sunspots, filament, and surrounding
region. Red and blue contours are respectively the positive and negative polarities from an MDI magnetogram taken at 04:51 UT on May 20, with
levels of 40, 300, and 750 G. Panel a) is from prior to eruption onset. The black arrow shows the brightening on part of the polarity inversion line,
and the red arrow shows an “intruding” positive polarity in a surrounding negative region. Panel b) is from near the time of eruption onset, with
the black arrow pointing to a ribbon occurring very close to the intruding positive polarity. We used the brightening and ribbon shown by black
arrows respectively in panels a) and b) for aligning different data sets; for ease in identification in the text we call the indicated brightening the
“4 UT brightening”, as we refer to it several times. North is up and east is to the left in this and all solar images in this paper.

the long wavelength EIS CCDs data sets by 2′′ in the solar
x-direction and 17′′ in the solar y-direction. A brightening be-
fore the eruption appeared at about 03:57 UT on part of the mag-
netic PIL across a wide temperature range (Log Te = 4.8−6.3),
being observed in all data sets (Hα, EUV and SXR). We used
this brightening (see black arrow in Fig. 2a), to assist in co-
alignment when overlaying the various data sets; below we refer
to this brightening as the “4 UT brightening”. Additionally, we
used a ribbon-like feature that was observed in the SOT Hα im-
ages (black arrow in Fig. 2b) and TRACE images. To adjust the
co-alignment between the MDI and SOT images we used the
sunspots observed in the Hα images. The co-alignment between
the EIS and TRACE data sets was also checked by matching the
bright features observed in the wider context images taken by
EIS (Six) and the TRACE 171 Å images. We estimated the un-
certainty of our final co-alignments to be at most 5′′−10′′.

3. Ejection of filament material and near-concurrent
small flare observed with Hinode/SOT Hα

Figure 2 gives an overview of the erupting region, showing SOT
Hα images of the observed region with an MDI magnetogram
superimposed. In the portion of the region shown here, there is a
large positive patch, containing at least two spots on its western
side, and this is surrounded by a negative region. Thus there is
a PIL that surrounds the positive polarity region, but this inver-
sion line is most prominent in the west (between the sunspots),
and in the northwest and to the southeast, and much of the ac-
tivity we see occurs mainly along these three portions of the in-
version line; we identify these locations as the northwest, west,
and southeast PILs in Fig. 3b for future reference. (The above-
defined 4 UT brightening occurs along the northwest PIL.) The
filament had an S shape, which was observed in absorption in
Hα sitting along the PIL.

A strong brightening (black arrow in Fig. 2a) appeared north
and slightly east of the sunspots, on the northwest PIL, in the

first SOT image taken at 04:00 UT (Fig. 2a). An “intruding”
positive polarity was observed in the negative-polarity region,
also near the northwest PIL. Between 5:00 and 5:30 UT, an ejec-
tion is observed in the SOT images, with some filament material
appearing to slide out towards the south (equivalent to the “fast-
rise” phase of the eruption). Flare ribbons were observed in the
Hα images between 05:12−05:44 UT, close to the intruding pos-
itive polarity (Fig. 2b). Even earlier there are hints of ribbons
in the northwest, and also in the southeast, specifically between
about 04:30 and 05:00 UT. From about 05:20 UT other ribbons
appear south of the spots along the west PIL, and ribbons be-
come prominent along the southeast PIL at this time. Thus, sev-
eral locations along the PIL erupt. It is not simple to say which
ribbons started first, but it is from the northwest PIL that the vi-
olent filament eruption emanates, and it is the ribbons that occur
along the west PIL that correspond to the brightest flare in soft
X-rays (SXRs) at the time of peak GOES intensity (cf. Sect. 6).
It appears that the filament did not erupt completely, but rather
the eruption was partial, because much of the filament could still
be seen on the disk after this event.

4. EUV TRACE and STEREO observations
of the eruption

We obtained quality data of the eruption in EUV from both
TRACE and STEREO. As the information derived from the two
spacecraft is similar, we present the results for one of them,
TRACE, in most detail. Figure 3 shows four TRACE 171 Å im-
ages from prior to and during the eruption, overlaid with mag-
netograms from MDI. These frames are from the corresponding
video 1, which shows the entire eruption sequence.

Figures 3a and 3b are prior to the onset of the main erup-
tion. They show that large-scale loops in the region expand
over this period, with two of the loops pointed out by arrows
in panels a and b. Examining low-cadence EUV images from
STEREO shows that this loop expansion started near 23 UT on
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 (c) TRACE 171: 20-May-2007 05:11:49 UT
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 (d) TRACE 171: 20-May-2007 06:30:06 UT

50 100 150 200
X (arcsecs)

-50

0

50

100

Y
 (

ar
cs

ec
s)

SE-PIL

W-PIL

NW-PIL

Fig. 3. Frames from video 1, showing TRACE 171 Å images of the erupting filament region with SoHO/MDI contours superimposed. Red and
yellow (switched from blue in this figure for clarity) contours are respectively the positive and negative polarities from an MDI magnetogram
taken at 03:15 UT in a) and b), 04:51 UT in c), and 06:23 UT in d), all on 2007 May 20, with contour intensity levels the same as in Fig. 2.
Indicated by arrows in a) are two loops, which expand outward by the time of b) during the period prior to the main filament eruption. In c) the
white arrows are locations where repeated brightenings occur at the base of the jet-like erupting prominence, with the eastern arrow near the site of
the the EUV counterpart of 4 UT brightening of Fig. 2 on part of the polarity inversion line (visible from ∼03:57 UT in the video) and the western
arrow near the site of the EUV-brightening counterpart of the ribbon pointed out in Fig. 2 (visible from approximately 04:01 UT). Yellow arrows
in c) show the erupting filament. In d), white and yellow arrows respectively point out two sets of post-flare arcades, with the arcade of the white
arrows traversing the west side of the active region’s polarity inversion line, and the arcade of the yellow arrows traversing the southeast portion
of the polarity inversion line. The rectangular box in a) shows the field of view (FOV) of the EIS instrument. Labels in b) show the southeast,
west, and northwest portions of the polarity inversion line, the full extent of which surrounds the large positive region. The video is available in
the electronic edition of the article.

2007 May 19, and these loops open up during the eruption. The
speed of these expanding loops is ∼1−2 km s−1; Uchida et al.
(1992) found X-ray active region loops to expand at “a few to
a few tens” km s−1, and considering possible projection effects
our measured velocities of these EUV loops fit in the lower end
of that range. Figure 3c shows the eruption in progress, with the
prominence erupting in the form of a jet-like surge hugging the
west PIL as it flows to the south. It is clear from the video that
the surge originates in the northern part of the region, around
and including the location of the white arrows in Fig. 3c. One of
these arrows is where an intruding positive polarity is cancel-
ing with negative flux over the course of the eruption (with the
positive flux decreasing in area between MDI magnetograms of

Figs. 3c and 3d), while the other location is at a boundary be-
tween a clump of positive and nearby negative flux.

Frequently, active region filaments are observed to rise
slowly for ∼10−30 min before their CME-producing fast rise
(Kahler et al. 1988; Sterling & Moore 2005; Chifor et al. 2006),
which can be part of the activation process as discussed in
Sect. 1. Since we observed the filament on disk, it was difficult to
track any such slow rise that may have occurred here. We have,
however, identified that pre-flare motions of the filament started
from, at the latest, 04:42 UT in TRACE images, with the fast
eruption starting near 05:11 UT, and so the duration of the slow
motions is consistent with the durations of filament slow rise
phases, and we will refer to the early motions here as slow rise
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 (b) EUVI 171: 20-May-2007 05:39:00 UT
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Fig. 4. STEREO-A/SECCHI/EUVI 171 Å images of the erupting filament region, with a) from prior to the eruption and b) from during the eruption.
Yellow arrows in b) show the jet-like erupting filament, and white arrows show regions where coronal intensity “dimming” has occurred since
the time of a), as coronal material was expelled during the eruption. Red and blue contours are MDI magnetograms, as in Fig. 3, from 04:51 UT
in both panels. Alignment with the MDI magnetogram is more crude with these STEREO images than with the images from TRACE, Hinode, or
SOHO, because of the angular separation between STEREO and the Sun-Earth line. The rectangular box in a) shows the EIS FOV.

phase motions. (There may be an earlier phase to the eruption
also, one which results in the loop expansion discussed above
and in Fig. 1; this is a topic for future consideration.)

Based on video 1, we can present a chronology of the pre-
eruption and eruption phase:

– Large-scale EUV loops expand at ∼1−2 km s−1, from
∼23:00 UT on May 19.

– From the start of the video at 03:22:16 UT (presumably
continuing from earlier times), there are repeated transient
EUV brightenings in the region’s north.

– From ∼03:57 UT the EUV counterpart of the SOT 4 UT
brightening in Fig. 2 appeared on the northwest PIL, at the
location of the eastern white arrow in Fig. 3c, and there are
transient brightening episodes at about the same location at
both earlier and later times.

– Between 04:46:24 UT and 04:52:56 UT, there is brighten-
ing near the site of the intruding polarity, about 15′′ west of
where the 4 UT brightening occurred.

– From ∼04:45 UT, surge-like motions become apparent, with
intensity brightenings and flows apparent running southward
along the main PIL. The base of the ejecting surge is rooted
in the region’s north near the intruding polarity.

– From ∼04:55 UT, onset of detectable SXR emission in the
GOES data (Fig. 1).

– From ∼05:07 UT, there is another brightening at the same
location as the 04:46:24 UT brightenings.

– Between ∼05:07 UT and 05:12 UT, the jet becomes promi-
nently visible, outflowing from that brightening location
(the jet’s base); the yellow arrows in Fig. 3c point to this
outflowing jet/surge. This five-minute period appears to be
the onset of the main phase of the eruption of the jet, that is,
the onset of the eruption’s “fast phase”, and this time corre-
sponds to within a few minutes to the time of a positive gra-
dient in the GOES light profile in Fig. 1. (Sterling & Moore
2005, present in their Fig. 3 another example of a similar re-
lationship between the rise speed of a filament and various
intensity profiles.) During this eruption, the filament jet is

rooted very near the ribbon pointed out in Fig. 2b, as can be
seen in the video from ∼05:09:43 UT.

Figure 3d is from late in the eruption sequence, after the jet has
been ejected. White and yellow arrows in the figure respectively
show two different sets of post-flare loops. Both sets of loops sit
over respective PILs, with the northwest and west set of loops
over the PILs in the west, along which the jet was ejected. The
eruption of the prominence resulted directly in the formation of
those loops in the west, and apparently the loops in the southeast
resulted from destabilization and eruption of the field along the
southeast PIL.

The eruption has effects on the corona further afield, as ev-
idenced by strong intensity dimmings that are well seen in the
STEREO/SECCHI/EUVI images. Figure 4 shows an example,
with large areas in the south dimmed after the filament eruption
is well underway. The eruption removes magnetic loops to the
south, resulting in the density-evacuated regions and the conse-
quent dimmings. Inspection of EUVI 284 Å images indicate that
activity in the region that dimmed began by at least 04:20 UT,
but with the strongest dimmings beginning between 05:00 UT
and 05:20 UT. Thus, an eruption whose initial flare nucleus was
in a rather confined region of a few tens of arcsec, involved a
large-scale eruption covering at least 200′′. Moreover, inspec-
tion of the full-frame EUVI images show that weaker dimmings
grow to cover an even larger extent than shown here. This sort of
large-scale eruption with a more localized flaring region has now
been detailed for several cases (e.g., Gopalswamy & Thompson
2000; Wang et al. 2002; Sterling & Moore 2004; Attrill et al.
2008; Moore & Sterling 2007).

5. Evolution of the magnetic field in SoHO/MDI
magnetograms

In a movie constructed from the magnetograms of the active re-
gion and surrounding area, it appears as if the two main positive
and negative areas of the active region, including the sunspots
between which the filament was located, were approaching each
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Fig. 5. Active region in which the 20 May 2007 flare occurred. The
irregular contour outlines the area over which the fluxes of the region
were computed in Fig. 6. Inner rectangular box shows region over which
fluxes from MMF-like elements were considered.

other from at least 18 May, two days before the eruption. To in-
vestigate this, we analyzed the magnetic flux from MDI 96-min
cadence magnetograms of the region for evidence of magnetic
cancelation occurring during this period.

There are a number of intrinsic complications to measuring
magnetic flux over several-day periods from instruments such as
MDI. For our analysis we have essentially followed the method
described in some detail by Green et al. (2003) of selecting out
visually a contour that contains almost all of the obvious flux of
the active region, for the entire period of relevance to our studies.
Figure 5 shows the primary contour we settled on for this analy-
sis; we considered several others, but the general evolution of the
flux measurements were not strongly dependent on this selection
as long as the main flux elements were enclosed. An advantage
of isolating the region in this fashion is that it avoids much of
the noise in the non-active region Sun, which in some circum-
stances can add up to a disruptive fraction of the total flux; this
noise is both from background fields not belonging to the active
region itself, and from uncertainties in the magnetograms them-
selves (discussed below). We applied standard considerations to
the analysis, such as accounting for the (cos θ)−1 reduction in
the line-of-sight component of the flux for fields away from disk
center, where we work under the assumption that all fields are
normal to the solar surface. Similarly, we also account for the
apparent change in surface area of the region due to foreshorten-
ing when it is away from disk center.

Uncertainty in the flux densities in each pixel are 20 G for
un-summed MDI magnetograms (Scherrer et al. 1995). Some
of the magnetograms are sums of five shorter-duration magne-
tograms, in which case the uncertainty is 9 G (Green et al. 2003).
For our data set, MDI alternated between modes of summed and
non-summed magnetograms, and so there are a mixture of uncer-
tainties in the resulting values. By using the contour of Fig. 5,
we reduce the contribution of this noise by avoiding inclusion
of quiet-Sun fields, many of which are near the noise limit. We
used the same contour for the entire period of our analysis; using
a new contour at each time step would reduce the uncertainty
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Fig. 6. Fluxes as functions of time computed from the area inside the
irregular contour of Fig. 5, where the solid (dashed) curve is the posi-
tive (unsigned negative) flux. The stared solid-line curve is the total un-
signed flux multiplied by 0.5, giving an estimate for the total unsigned
flux for the region.

in our results somewhat, but we did view a movie of the flux
contained within the selected contour and visually verified that
regions of substantial flux do not enter or exit that contour.

We also checked the data for pixels indicating a substantial
degree of saturation, or “corrupted pixels”, in the Green et al.
terminology, by searching for pixels that show both weak con-
tinuum intensity (indicative of sunspots) and apparent low mag-
netic field strength, again following Green et al. From MDI syn-
optic data from when AR 10956 crossed central meridian on
2007 May 19, we found nine pixels (out of over 4000) that were
corrupted, with all of them being positive flux. These would re-
sult in an underestimate of our derived positive fluxes of a few
percent at most. As these values were only a “snapshot”, derived
from only one time, the number of partially-saturated pixels at
other times may have varied somewhat, but in any case we do
not expect this to have a substantial effect on our total derived
flux intensities.

Green et al. (2003) discuss a calibration factor for MDI
data they used of 1.45 for weak and moderately strong fields,
and of 1.9 for stronger fields, based on results from Berger &
Lites (2003). Since late 2007 however, all of the MDI magne-
tograms have been recalibrated (increased by a factor of about
two; Hoeksema 2007, private communication, and the MDI web-
page) over the older values available at the time of those earlier
studies. Therefore we did not apply any multiplicative factor to
our magnetograms, which are all of the recalibrated variety.

Figure 6 shows our resulting integrated magnetic flux values
as functions of time. For much of the period the fluxes are not in
balance, with negative flux dominating the positive flux. This im-
balance decreases with time, and the two fluxes become roughly
equal from around May 21. Intuitively one might expect the two
fluxes to be in balance, if the enclosed flux is all part of the same
closed flux system. It turns out, however, that flux imbalance is
very common. Green et al. (2003) explored this phenomenon in
detail, and determined that such an apparent flux imbalance can
result from geometrical effects of measuring line-of-sight fields
on the spherical solar surface. For east-west-oriented active re-
gions, they found that the following polarity dominates when
regions are in the east and the leading polarity dominates when
regions are in the west, with the two polarities matching only
around the time of central-meridian passage; this is consistent
with those regions being composed of a system of basically east-
west-oriented loops. Of most interest to our study here regarding
these long-term flux evolutions is that prior to late on May 19,
both the negative and positive fluxes are decreasing with time,
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and hence the total unsigned flux is decreasing over this pe-
riod (the above-mentioned loop-geometry effect would lead to
the apparent decrease in flux of one particular polarity, and a
concurrent increase in flux of the other polarity). This supports
our suspicion that there is flux cancelation occurring between
the positive and negative regions of the active region, at least to
within a few hours of the time of the eruption on May 20.

In comparing our result in Fig. 6 with the Green et al. consid-
erations, our approximate flux equality near May 21 is reason-
ably consistent with their suggestion of near equality of fluxes at
the time of central meridian passage, which occurred on May 19.
Prior to this near-equality however, our findings appear to be
in conflict with the arguments of Green et al. Figure 5 shows
our following polarity is positive, and so according to Green
et al., it would be expected that the positive polarity would dom-
inate prior to the fluxes reaching equality on May 21, but from
Fig. 6, the opposite is the case. It is possible that our results
differ from the Green et al. expectations because our selected
contour does not well-enough isolate the flux of the independent
active region. We have tried using a different contour, smaller
than that of Fig. 5 and which seems to isolate better the main
positive and negative regions of the active region. Nonetheless,
the polarity-dominance ordering with time remains the same as
in Fig. 5. We have verified that our code does reproduce the
polarity-dominance orderings found by Green et al. (2003) for
the four specific regions that they examined, and so the question
of why the polarity-dominance ordering for our region differs
from the Green et al. findings remains unresolved. Possibilities
include that our region is too complex to interpret in a simple
bipolar approximation, as if viewing a simple east-west-oriented
loop at various longitudes. Another possibility is that our posi-
tive flux is underestimated enough due to saturation to account
for the discrepancy. Despite these questions, we can state that
our observations are consistent with a decrease in total unsigned
flux of the active region with time (at least until around 12 UT
on May 19), and this in turn is consistent with continuous mag-
netic cancelation occurring between the approaching flux polar-
ities. This apparent flux decrease occurs over several days prior
to the May 20 eruption along the main PIL of the region. This
is consistent with the cancelation disrupting the stability of the
region, preparing it to be triggered to eruption.

We can estimate the amount of flux canceled as the two flux
polarities approach each other. From Fig. 6, over the 24 h from
12 UT May 18 until 12 UT May 19, the total flux drops by ≈1 ×
1021 Mx (recalling that the total active region flux is 0.5*(pos-
itive flux + |negative flux|), assuming that both ends of all the
active region’s loops are enclosed within the integrated region).
As the total flux in the region of the contour is ∼1 × 1022 Mx,
about ∼10% of the flux cancels over that 24 h period. At later
times (after about 12 UT on May 19), the negative and positive
fluxes do not show clear trends, but by then the active region
is clearly more complex than a simple east-west dipole, making
it difficult to infer how the flux is actually changing with time
(increasing, decreasing, or remaining level).

From 01:39 UT on May 20 we observed a new positive flux
at coordinates (140, 80) in the MDI overlays shown in Fig. 2.
We also observed negative flux canceling to the east of this new
flux element, at approximate coordinates (130, 75) in Fig. 2,
on the northwest PIL. At least some of the positive flux in this
region appears to belong to a series of moving magnetic features
(MMFs, Harvey & Harvey 1973), flowing from the positive spot
in the south into the northern negative-polarity magnetic patch
with velocity ∼0.5−1.0 km s−1. The location where this flux
cancels in the northern negative-polarity patch corresponds to

the 4 UT brightening of Fig. 2 at 03:57 UT on May 20. The
coarseness of the MDI time cadence however makes it difficult
to differentiate between true MMF elements and possible new
emerging flux elements, therefore we will refer to them as “pos-
itive flux elements” in the following, for purposes of identifica-
tion. We also expect that our “intruding polarity” in the north-
west PIL region is one of these positive flux elements. Figure 7
shows an apparent cancelation of flux just prior to the time of the
rapid filament eruption. The filament ejection started near where
these positive flux elements cancel with negative field, near the
flare ribbon location.

We have studied the behavior of the flux in the neighbor-
hood of where the positive flux element cancelation takes place.
Specifically, we have monitored the positive flux inside of the
small box in Fig. 5. Several positive flux elements enter into this
box, presumably flowing in from the south, and disappear be-
fore reaching another boundary of the box. We do not attempt
to make a comprehensive study of the fluxes in this box, since
over this small area inside of the active region there is much
movement of substantial flux into and out of this area’s bound-
ary over time. We can, however, track the evolution of some of
the positive flux elements by monitoring the positive flux only.
We find that after positive flux enters the box, the measured pos-
itive flux in the box undergoes sharp drops in magnitude at times
corresponding to when the magnetograms show positive flux to
disappear, such as near 10 UT on May 19, and near 0 UT on
May 20; the former of these results in a positive-flux drop of
∼1 × 1020 Mx, and the second of these is ∼2 × 1020 Mx. Due to
the proximity to the onset of the filament ejection, we suggest
that cancelation of these positive flux elements triggered the
eruption, following the more-gradual cancelation of the larger-
scale active region fields, discussed above, which brought the
system to the brink of instability.

Several workers have found MMFs to play a role in erup-
tions. For example, Brooks et al. (2007) found MMF cance-
lation near the base of surges, and Zhang & Wang (2002) ar-
gue that continuous emergence of MMFs triggered a series of
X-class flares in a region they studied. Deng et al. (2002) found
MMFs cancelation involving ∼1019 Mx each to result in activa-
tion of, and ejection of material “blobs” onto, a filament they
investigated; that filament, however, did not erupt. In our case,
eruption likely occurred only because the system was already
destabilized enough by the larger-scale field cancelation to re-
sult in easy disruption by our series of positive flux elements,
which are likely to be MMFs or similar features.

6. Soft X-ray Hinode/XRT observations
of the eruption

Pre-eruption brightenings (including one corresponding to the
4 UT brightening of Fig. 2) were also observed in the core re-
gion seen in Hinode/XRT images. Transient brightenings along
the northwest PIL (and perhaps the west PIL) are underway from
at least 4 UT on 2008 May 20, which is the earliest time we ex-
amined in SXRs. Moreover, the arcade along the southeast PIL
shows activity (expansion) from at least as early as 04:16 UT;
this could be a response to cancelation of positive flux elements
occurring in the region north of the sunspots, perhaps earlier
episodes of such cancelation than we have considered in Sect. 4.

A sigmoid (e.g., Rust & Kumar 1996; Sterling & Hudson
1997; Moore et al. 2001) was observed to form connecting the
negative flux region northwest of the filament with the region
south-east and east of the sunspots (Fig. 8). The sigmoid was
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Fig. 7. MDI magnetogram sequence (closeups of Fig. 5) showing (a) and b)) a positive-flux magnetic feature, which we refer to as a “positive flux
element”, but which could be a moving magnetic feature (MMF), appearing to flow from a positive sunspot into toward the a patch of negative flux
in the north. In c) the positive-flux feature has largely disappeared, apparently having canceled with the patch of negative flux. The cancelation site
is near the location where the filament eruption is rooted, suggesting that the flux cancelation played an important role in the onset of the eruption.
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Fig. 8. Hinode/XRT Ti_poly images of the erupting region a) near the time of onset of the rapid filament eruption, and b) near the time of the peak
in GOES SXR intensity. Overlaid on the image is an MDI magnetogram taken at 04:51 UT on May 20. Red and blue contours are respectively the
positive and negative polarities, with contour levels the same as in Figs. 2 and 4. The rectangular box in a) shows the EIS FOV.

clearly visible starting at 04:58 UT, and thus it forms late in
the “slow-rise” phase of the filaments ejection, and continues
its evolution at the start of the fast-rise phase; this is similar
to sigmoids observed forming and rapidly evolving during the
slow-rise phase in studies of Sterling et al. (2007a,b). Early dur-
ing the eruption (Fig. 8a), the flaring loops corresponding to the
two arcades seen in the EUV images are illuminated, that is, one
along the west PIL, and one in the east along the southeast PIL;
the sigmoid forms when brightenings in the south link the two
arcades, likely along the fainter portions of the PIL. Later, near
the time of the peak of the eruption in GOES SXRs (Fig. 1),
the loops along the western PIL dominates the SXR intensity in
the XRT image (Fig. 8b).

7. Hinode/EIS observations of the eruption onset
region

The fast-cadence EIS data sets obtained between
00:59−05:15 UT covered an area of the active region
that included the eruption onset region and northern mag-
netic cancelation site. Figures 3a, 4a, and 8a show the
EIS FOV of the fast-cadence data sets overlaid onto TRACE,

STEREO/SECCHI/EUVI, and XRT images, respectively, along
with the MDI magnetogram contours in each figure. A bright-
ening corresponding to that indicated by the black arrow in
Fig. 2a was visible in the EIS raster data sets obtained between
03:57−04:01 UT, in coronal lines as well as transition region
lines, in the range of temperatures Log Te = 4.8−6.3. We did not
observe small-scale transient brightenings at flare temperatures
(e.g. in the EIS Fexxiii line).

Figure 9 shows EIS images taken in the Feviii and
Fexii line emissions as well as corresponding Doppler-shift
and line FWHM measured from the Fexii observations. When
measuring the relative Doppler velocities, we assumed that the
Fexii reference wavelength is equal to the average center of
lines fitted within each raster. A more accurate reference wave-
length would be obtained by averaging the fitted Fexii line cen-
ters in a quieter region of each raster; this was possible in the
case of the context raster of wider FOV, but the fast rasters were
too small to identify such a region.

Several prominent preflare brightenings that appear at
the base of the ejected filament observed by TRACE and
SECCHI/EUVI were also clearly observed by EIS. Other
transient brightenings were observed in the EIS data sets
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Fig. 9. EIS Feviii and Fexii intensity maps, FexiiDoppler-shifts and line FWHM. Several brightenings are apparent in the intensity maps around
the filament’s base location, particularly in Feviii (cf. Fig. 3). Arrows on the Feviii images indicate a feature that likely corresponds the the
erupting filament seen in the TRACE images (see text). Persistent line broadening and relative red shifts occurred in the observed region. In these
panels, and in the panels of Fig. 11, the X and Y coordinates give the relative distances in arcseconds inside the EIS raster FOV, rather than relative
to Sun center as in other figures.

beginning at 03:45 UT and 05:07 UT (particularly in Feviii).
Figure 10 shows the Fexii intensity, Doppler shifts and line
FWHM obtained from the fast raster data sets obtained from
03:57 UT (prior to the filament slow-rise) with MDI contours
superimposed. Some of the prominent intensity enhancement in
the EIS data sets (e.g., the 05:07 UT Feviii image in Fig. 9)
are located along the PIL in the west (also compare with Fig. 9,
top row).

We observed persistent relative red-shifts and line broaden-
ing (Fexii) along the west PIL and in the vicinity of the pos-
itive flux element intruding polarity location (northwest PIL).
Transient brightenings, including one corresponding to the 4 UT
brightening of Fig. 2, appear co-located with a strong red-shift
component and an indication of a blue-shifted component along
with strong nonthermal line broadening (Fig. 10).

A counterpart of the sudden brightenings observed in the
broadband (TRACE and STEREO) EUV images that marked
the onset of the filament eruption’s fast-rise (Sect. 4, and white

arrows in Fig. 3c) was also observed by EIS, in at least the
Feviii line. In the 05:07 UT scan it appears as a linear fea-
ture with a bright base (arrows in 05:07 Feviii scan of Fig. 9),
and this linear feature roughly coincides with the filament being
ejected in the TRACE movie (video 1) at about the location of the
EIS FOV (cf. Fig. 3a). As is evident in that video, the filament
has a brightening on the NW-PIL at 05:07 UT in TRACE, and
that coincides with the EIS 05:07 UT raster feature to within the
accuracy of our alignment. At 05:11 UT in the video 1 TRACE
movie, a different strand of the filament is most prominent, lo-
cated about 10′′ west of the 05:07 UT TRACE brightening. This
05:11 UT TRACE filament strand may also be visible at the west-
ern edge of the EIS FOV (arrows in in 05:11 Feviii scan of
Fig. 9), but this is part speculation because most of the putative
feature is not inside the EIS FOV. Thus we suspect that we are
observing in the EIS data a part of the filament at the time of
eruption in at least the the Feviii raster at 05:07, and perhaps
at 05:11 UT also.
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Fig. 10. Fexii intensity, Doppler-shifts and line FWHM obtained from
the raster data sets beginning at 03:57 UT prior to the filament slow-
rise. MDI contours of the magnetogram taken at 04:51 UT are super-
imposed: white represents the positive polarity, while black represents
the negative polarity. Contours are 25, 70, 300 and 850 G. Red-shifted
flows and line broadening were observed along the west PIL and in the
vicinity of the intruding positive polarity region (northwest PIL).

We obtained electron density values for the onset region of
the eruption using density sensitive line pairs observed with the
“CAM_ARTB_RHESSI” EIS sequence and theoretical line in-
tensity ratios calculated with CHIANTI v.5.2 (Dere et al. 1997;
Landi et al. 2006). The Fexiii λ203 line is blended with a
Fexii line, which we removed by fitting a double Gaussian.
The Fexiv λ274 and the Mgvii λ278 lines are each blended
with a Sivii line. To remove this blend, we used another, rela-
tively strong, Sivii λ275 line. Young et al. (2007a,b) give details
on using these density diagnostic lines. Because there is an er-
ror in one of the Fexiii atomic data files in CHIANTI v.5.2, we
used a corrected file for the present analysis, which will be made
available in the next CHIANTI database release. Young et al.
(2009) provide a thorough overview of data analysis issues for
the best density diagnostics of Fexiii.

Figure 11 shows an Fexiii 202 Å intensity image and den-
sity map derived from the Fexiii 203/202 diagnostics. The boxes
indicated in Fig. 11 represent the regions of interest where we
measured density changes: 1 = west PIL; 2 = northwest PIL re-
gion, where the 4 UT brightening noted in Fig. 2 occurred; and
3 = the intruding positive polarity region (i.e., the positive flux
element cancelation region).

Figure 12 shows the evolution with time of the average den-
sity in these regions measured from the Mgvii (Log Te = 5.8),
Fexiii (Log Te = 6.2) and Fexiv (Log Te = 6.3) diagnostics,
and Table 2 summarizes the results. For some of the lines and
locations, there is a sharp peak in the density near 04:00 UT,
each of duration of a few minutes; the basic values shown in the
table, Cols. 2, 4, and 6, are the densities averaged over time and
over the area of the boxes outside the time of these strong den-
sity spikes, while the “Spike” values, Cols. 3, 5, and 7, give the
measured density values averaged over the boxes, but only at the
times of the occurrence of those density spikes.

In each of the three regions, the measured non-spike den-
sity values decrease with temperature; thus the coolest mate-
rial (in the considered temperature range) is most dense in the
three regions. Uncertainties listed in the table indicate the range
of scatter in the non-spike density values over 01:00 UT to
05:30 UT on 2007 May 20.

The density spikes occur first in the Box 1 region, i.e. the
western PIL, at ∼03:45 UT. About 12 min later (in the raster

Fig. 11. Fexiii 202 intensity image and density map derived from the
Fexiii 203/202 diagnostics. The boxes indicated in the density image at
03:57 UT represent: 1 = the west PIL; 2 = northwest PIL region (corre-
sponding to the location of the 4 UT brightening of Fig. 2); 3 = intrud-
ing positive polarity region (positive flux element cancelation region).
For each of these regions we measured the density changes shown in
Fig. 12.

starting at 03:57 UT), a spike in density occurs in Box 2,
the northwest PIL region. We see the spike in both the Fexiii
and the Fexiv diagnostics in both regions. Although the filament
erupted along the western PIL region (near or through Box 1),
the density spike is ∼1 h prior to the obvious filament eruption.
Box 2 corresponds to the location of 4 UT brightening of Fig. 2
however, and, as discussed in Sect. 4, from ∼03:57 UT, that lo-
cation brightened in EUV, and this is possibly a cause or conse-
quence of the triggering of the eruption. Therefore, currently all
we can say is that the trigger process seems to have been con-
nected with a transient increase in density in the eruption region
for this event. Whether this connection is significant will be de-
termined by whether similar pre-eruption density enhancements
are observed in future studies of other events.

8. Discussion

We observed a partial filament eruption occurring in an active
region and accompanied with a GOES class B6.7 small flare
and a CME. A converging motion between opposite-polarity
sunspots resulted in cancelation of field for some days around
the primary magnetic neutral line (west PIL), along which fila-
ment material was located before eruption. The source location
of the eruption was a negative-polarity magnetic region located
north of the interacting sunspots. The eruption occurred near a
new positive flux element (which we also refer to as an intrud-
ing positive polarity in the the negative field region, and which
may be an MMF) that may have triggered the slow-rise motion
of the filament, and the filament’s subsequent CME-producing
(“fast-rise”) ejection.

We found persistent red-shifted bulk-flows (in the Fe xii
emission), and nonthermal line-broadening along the PIL.
Small-scale transient brightenings were observed in the filament
core prior to eruption at both transition region and coronal tem-
peratures. These brightenings were located near the base of the
ejected filament, and along the west PIL. We found abrupt, lo-
calized density enhancements measured at coronal temperatures
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Fig. 12. Evolution of the density measured from the Mgvii (left column), the Fexiii (middle column) and the Fexiv (right column) diagnostics in
the main polarity inversion line region (top), in the north-east part of the polarity inversion line (corresponding to the 4 UT brightening of Fig. 2)
region (middle), and in the emerging flux region (bottom). These regions are indicated in the density image at 03:57 UT in Fig. 11 (1 = main
polarity inversion line, 2 = north-east inversion line, 3 = emerging flux region). A strong spike in density occurs near 4 UT in regions 1 and 2 in
the Fexiii and Fexiv channels.

Table 2. Log averaged densities (cm−3) over box locations within eruption region.

Location Mg vii Mg vii Spike Fe xiii Fe xiii Spike Fe xiv Fe xiv Spike
Box 1 9.9 ± 0.3 No∗ 9.65 ± 0.10 9.78 9.31 ± 0.06 9.43
Box 2 9.7 ± 0.5 No 9.37 ± 0.05 9.63 9.13 ± 0.07 9.42
Box 3 9.8 ± 0.6 No? 9.68 ± 0.08 No 9.25 ± 0.10 No

Notes. Columns 2, 4, and 6 are densities averaged over boxes of Fig. 11, and over time outside of enhanced density (“spike”) times. Columns 3, 5,
and 7 are densities averaged over boxes of Fig. 11 during times of enhanced-density spikes.
(∗) “No” means no spike apparent within the scatter of the data.

(Log Te = 6.2−6.3), along the PIL during the pre-eruption pe-
riod. The averaged density outside the time of these enhance-
ments measured in the onset region decreased with temperature.

The surge-like filament motion began prior to the main flare
onset. Martin (1989) describes three types of activations initi-
ated near flare times, often within one hour of the onset of the
main flare loops: (1) preflare activation and eruption; (2) surge-
like activation; and (3) activation via impact from ejected mass
or shock wave produced by a neighboring flare. For our case un-
der study here, Martin’s second type of activation is certainly
occurring. (It is also possible that this may be an aspect of the
first type of Martin activation also.) As the base of the surging
filament was where the flux cancelation occurred, our observa-
tions are consistent with the cancelation being important for both
the filament activation and the subsequent main eruption. This is

consistent with other findings that flux cancelation can cause fil-
ament activation in at least some cases (e.g., Deng et al. 2002).

An SXR sigmoid was observed to form connecting the neg-
ative flux region northwest of the filament with the region south-
east of the sunspots, during the late period of the filament’s
slow-rise phase and at the start of the fast ejection (“fast-rise
phase”). That fast-rise phase of the eruption was marked by a
surge/jet ejection of material observed in EUV and Hα, and its
start was accompanied by a sharp increase in the SXR intensity.
The SXR images also show dynamic changes in the region and
surrounding corona from at least an hour prior to the eruption.
This could be due to earlier episodes of positive flux elements
canceling with surrounding field, or it could indicate that even
more complex processes than we consider here are at work (e.g.,
a close synergy between the cancelation of the sunspots along
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the west PIL, and the positive positive flux elements canceling
with the negative field in the north).

Our observations provide strong evidence that the source of
the filament ejection was where the localized positive flux el-
ements were apparently interacting with surrounding negative
field. Brightenings in the region in EUV at the time of the fil-
ament’s fast eruption are consistent with the positive flux ele-
ments reconnecting with surrounding field, leading to the erup-
tion. After the eruption starts in this location, the filament rapidly
ejects along the region’s west PIL, and flare loops develop along
this west PIL. Nearby fields take part in the eruption, becoming
destabilized along the west and southeast PILs. Regions further
to the south, well outside of the active region where the filament
eruption took place, are also involved in the eruption, likely due
to the removal of remote field lines. This results in strong inten-
sity dimmings to the south of the region that are well seen in
EUVI images.

It has been found before that brightenings of transition re-
gion lines appear to be correlated to new magnetic flux emer-
gence (Young & Mason 1997). Young et al. (2009) studied a
small active region brightening observed in both transition re-
gion and coronal lines (Log Te = 5.5−6.3). From the Mgvii di-
agnostics they found a density of 4 × 1010 cm−3. This value has
the same order of magnitude as the density measured in the on-
set region of the eruption analyzed here, where positive flux ele-
ments similar to MMFs have entered into a sea of negative field
at the base of the erupting filament; so here the triggering agent
would be the positive flux elements in a surrounding opposite-
polarity region, which may have been MMFs rather than emerg-
ing flux.

Several eruption models involve emerging flux (e.g., Forbes
& Isenberg 1991; Chen & Shibata 2000; Lin et al. 2001). Sterling
et al. (2007a) found evidence for emerging flux triggering a so-
lar filament’s slow-rise. From their observations, Chifor et al.
(2006) suggested that localized reconnection, which may have
been triggered by emerging flux, may lead to the destabilization
of an entire active region filament. Our analyzed event appears
consistent with the positive flux elements playing a role simi-
lar to the modeled emerging flux, whereby it interacts with sur-
rounding field and triggers the filament’s slow, pre-flare motions,
and eventually leads to the CME-producing fast ejection of fila-
ment material. Although our work here does not examine details
of processes involved in causing the eruption, reconnection of
field lines is strongly suggested by the presence and subsequent
disappearance of the intruding positive flux element in the sur-
rounding opposite-polarity region.

We can now return to the discussion of Sect. 1 of more
general models for releasing energy stored in magnetic fields,
in terms of the event discussed here. As mentioned in Sect. 1, of-
ten it can be difficult to determine which mechanism among sev-
eral candidates is ultimately most responsible for fast-eruption
onset. In the event studied here, we have presented evidence for
tether-cutting flux cancelation being a trigger. Again however it
is difficult to say that this mechanism alone is the cause. The
converging spot fields could be responsible for the general ex-
pansion of the region, e.g., as evidenced by Fig. 3, and this ex-
pansion could be driving the system toward an ideal MHD in-
stability independent of the apparent MMF-like cancelations.
Nonetheless, the apparent cancelation of the MMF-like positive
flux elements occurred very near the location where the fila-
ment jet originated, consistent with this flux cancellation being
the trigger of the ensuing ejective eruption of the entire sheared-
core arcade. Based only on the observations presented here, we
cannot say whether such an eruption could have occurred with

the convergence and cancelation of the spot flux alone or with
the MMF-like flux cancelation alone. One way to determine the
predominant triggering mechanism might be via numerical sim-
ulations mimicking the magnetic setup and pre-eruption flows
that we observe.

Another potential method to gain insight into the likely main
cause of this eruption is to observe and carefully analyze other
eruptions occurring in a similar magnetic environment. An obvi-
ous eruption to consider is one that occurred in the same active
region, but on the previous day, on 2007 May 19 starting near
12:00 UT. That event was analyzed by Li et al. (2008), Liewer
et al. (2009) and Bone et al. (2009), while Veronig et al. (2008)
focused on a coronal wave generated from that eruption. Alas
however, those workers show that the May 19 event mainly oc-
curred on a different PIL from the May 20 event of this paper,
with the primary filament of the May 19 event located in the
PIL west of that of the May 20 event (see in particular Bone
et al. 2009). In Fig. 8, that May 19 PIL is between the red field
at the extreme right edge of the panels, and the blue field just
inside that edge. The full PIL can be seen in the images of
Fig. 4 (at about (x, y) = (200, 30)). Thus a simple comparison
between the two eruptions is not possible. Liewer et al. (2009)
do state that heating events occurring during the onset phase of
the May 19 eruption are “probably caused by flux cancelation
occurrences”, but a full detailed study would be required to say
whether those events are really similar to what we see in the
May 20 event.

Chifor et al. (2007) have shown that X-ray precursor bright-
enings to solar filament eruptions are situated close or near to
the PIL, being associated with emerging and/or canceling mag-
netic flux. These observations were evidence for a tether-cutting
mechanism initially manifested as localized magnetic reconnec-
tion being a trigger for the observed solar eruption. In the present
paper, we observed the precursor activity across a wider tem-
perature range, including Hα, EUV and SXR high-spatial res-
olution and cadence images as well as spectroscopic data from
Hinode, STEREO and TRACE, and we measured the evolution of
the magnetic field from SoHO/MDI images. The array of obser-
vations is consistent with the conclusions by Chifor et al. (2007)
that precursor brightenings to filament eruptions are evidence of
tether-cutting reconnection. Furthermore, from the present anal-
ysis, we were able to discuss the roles of large-scale magnetic
flux cancelation (among the sunspots), and smaller scale can-
celation (the positive flux element intruding polarity features):
the pre-eruption sheared-core magnetic neighborhood was grad-
ually destabilized by evolutionary tether-cutting flux cancelation
that was driven by converging photospheric flows over several
days. The persistent widespread flux cancelation along the main
neutral line (west PIL) prior to eruption progressively “marched
to the edge” the sheared-core active-region magnetic arcade.
Then, localized magnetic flux cancelation(s) at the ejection site
north of the main sunspots by the positive flux elements “kicked
the sheared-core over the edge”, triggering the ejection of fila-
ment material and CME.
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