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ABSTRACT

Aims. To study preflare X-ray brightenings as diagnostics of the destabilisation of flare-associated erupting filaments/prominences.
Methods. We combine new observations from theTransition Region and Coronal Explorer (TRACE)and theReuven Ramaty High Energy
Solar Spectroscopic Imager (RHESSI), as well as revisit events reported in the literature to date, in order to scrutinise the preflare activity
during eight flare-associated filament eruptions.
Results. The preflare activity occurs in the form of discrete, localised X-ray brightenings observed between 2 and 50 minutes before the
impulsive phase of the flare and filament acceleration. These transient preflare brightenings are situated on or near (within 10′′ of) the polarity
inversion line (PIL), coincident with emerging and/or canceling magnetic flux. The filaments begin to rise from the location of the preflare
brightenings. In five out of eight events, the preflare brightenings were observed beneath the filament channel, close to the filament footpoint first
observed to rise. Both thermal and nonthermal hard X-ray emissions during the preflare enhancement were detected withRHESSI, suggesting
that both plasma heating and electron acceleration occurred at this time. The main energy release during the impulsive phase of the flare is
observed close to (within 50′′ of) the preflare brightenings. The fast-rise phase of the filament eruption starts at the same time as the onset of
the main flare or up to 5 minutes later.
Conclusions. The preflare brightenings are precursors to the flare and filament eruption. These precursors represent distinct, localised instances
of energy release, rather than a gradual energy release prior to the main flare. The X-ray precursors represent clearly observable signatures in
the early stages of the eruption. Together with the timing of the filament fast-rise at or after the main flare onset, the X-ray precursors provide
evidence for a tether-cutting mechanism initially manifested as localised magnetic reconnection being a common trigger for both flare emission
and filament eruption.

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

1. Introduction

Preflare activity such as transient brightenings before the main
impulsive phase of a flare has long been considered a poten-
tial clue to an understanding of the physical conditions in the
solar atmosphere that lead to an eruption. Bumba & Křiviský
(1959), who introduced the term ‘preflares’, were the first to
address this topic. Reviews of early studies for such flare pre-
cursors can be found in Martin et al. (1980) and Van Hoven &
Hurford (1984).

Transient brightenings at the onset of solar flares have been
identified across the electromagnetic spectrum: in radio (Kai
et al. 1983; Fárník et al. 2002), Hα (e.g. Contarino et al.
2003), UV and EUV (e.g. O emission - Cheng et al. 1985;
1600 Å continuum emission - Warren & Warshall 2001). An
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early comprehensive review of the multiwavelength preflare ac-
tivity was given by Schmahl et al. (1989). From X-ray observa-
tions taken with the Hard X-ray imaging spectrometer (HXIS)
on board theSolar Maximum Mission(SMM), Harrison (1985)
and Tappin (1991) found soft X-ray (SXR) emission preceding
the majority of flares, but spatial information to relate this pre-
flare activity to the site of the main energy release was missing
for most analysed events. UsingYohkoh/Soft X-ray Telescope
(SXT) images, Fárník et al. (1998) addressed the spatial rela-
tions between the preflare activity and flares, finding the flaring
loops brightening tens of minutes before the impulsive flare
phase in 25% of their events. Several authors have shown ev-
idence of hard X-ray (HXR) nonthermal emission prior to the
flare impulsive phase (e.g. Fárník et al. 2002; Holman et al.
2003; Asai et al. 2006; Chifor et al. 2006; Sui et al. 2006) and
spectral line broadening (e.g. Cheng 1990).
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It is widely accepted that solar eruptive events are of mag-
netic origin and have three manifestations: flare, filament erup-
tion, and coronal mass ejection (CME), with all three in close
association (e.g. Shibata 1999; Priest & Forbes 2002; Svestka
2001). The pre-eruption conditions are important not only for
the initiation of flares, but also for all accompanying erup-
tive phenomena. Understanding the pre-eruption conditions
could shed new light on one of the most important puzzle of
space weather which is understanding why flares, filaments,
and CMEs erupt.

Early evidence of discrete SXR precursors approximately
15-30 minutes before the linearly extrapolated time of the as-
sociated CME onset was given by Harrison (1985, 1986). The
precursor activity was found in close spatial relationship to the
area of the CME origin. Dere et al. (1997a) were the first to re-
port on-disk observations of a CME onset using images taken
by the Extreme-ultraviolet Imaging Telescope (EIT) aboard the
Solar and Heliospheric Observatory(SoHO). From this analy-
sis, it was inferred that the CME is triggered in a small volume
associated with an initial small EUV brightening at one end of
the erupting filament.

It is generally believed that filaments consist of cool gas (of
chromospheric temperature) supported in the corona by large-
scale curved and twisted magnetic flux tubes (e.g. Priest et al.
1989). Filaments become useful in tracking the evolution of the
large-scale field system by following their eruption. Detailed
analyses of the geometry and evolution of flare-associated fila-
ment eruptions can provide a tool for investigating the eruption
destabilisation and relationships between the associated phe-
nomena. The ‘fast-rise’ of filament acceleration and the impul-
sive flare phase are often preceded by a filament ‘slow-rise’
with little or no acceleration at< 10 km s−1 (e.g. Moore &
Sterling 2006; Chifor et al. 2006; Isobe & Tripathi 2006;
Isobe et al. 2007). Several studies have found preflare activity
such as small X-ray and EUV brightenings at the onset of the
filament’s slow-rise (e.g. Sterling & Moore 2005; Chifor et al.
2006).

To date there are several ideas for the initiation of so-
lar eruptions; see e.g. Moore & Sterling (2006) for a recent
review. These include internal tether-cutting (see e.g. Moore
& Roumeliotis 1992), external tether-cutting or ‘breakout’
(Antiochos 1998; Antiochos et al. 1999), or the flux cancela-
tion model originally proposed by van Ballegooijen & Martens
(1989) and further investigated by Linker et al. (2003). Other
models of filament eruptions include the kink instability of the
filament/ flux rope (Fan 2005; Rust & LaBonte 2005; Török
& Kliem 2005). These models can be distinguished from each
other mainly during the eruption initiation; they all tend to look
the same during the eruption impulsive phase. Conclusive spa-
tial and temporal relations between of the preflare activity and
the magnetic topology of the erupting system could provide
critical observational evidence for the triggers predicted by the
different models. Section 2 outlines the models which we have
examined in this study and the essential observable differences.

Although the preflare activity has been studied extensively
in the past, most of the analyses remained inconclusive, mainly
due to a lack of high-resolution data, both spatial and temporal
(see Moore & Sterling 2006, for a recent review). At present,

the best spatial and temporal resolution data are provided by the
Transition Region and Coronal Explorer(TRACE) in EUV and
the Reuven Ramaty High Energy Solar Spectroscopic Imager
(RHESSI) in X-rays.

Recently, Chifor et al. (2006) made use ofTRACEand
RHESSIdata to analyse the early phases of a filament erup-
tion observed at the solar limb. The eruption was seen in the
EUV 171 Å filters of bothSoHO/EIT andTRACE, with com-
plementary X-ray data fromRHESSIand microwave images
from the Nobeyama Radioheliograph (NoRH). The filament
activation was first observed beneath one anchored footpoint
where a localised preflare X-ray brightening was reported to
be temporally and spatially correlated with the onset of the
filament slow-rise. It was concluded that localised reconnec-
tion events took place at one end of the filament, eventually
destabilising the entire system, which entered a fast-rise phase.
However, while this event provided ideal multiwavelength ob-
servations for the initiation and evolution of the eruption, there
was no information about the photospheric magnetic field con-
figuration since the filament was situated near the limb. Chifor
et al. (2006) showed that both plasma heating and electron ac-
celeration occurred at one footpoint of the erupting filament,
simultaneous with the slow-rise onset. Based on both the lo-
cation (beneaththe filament) and timing of the preflare X-ray
source, as well as the filament slow-rise and fast-rise phases
being consistent with the tether-cutting runaway reconnection
scenario, they suggested that internal tether-cutting was a pos-
sible eruption trigger. However, it is difficult to validate this re-
sult without a better understanding of the magnetic field topol-
ogy.

In this paper, we investigate the presence of preflare bright-
enings and their potential for providing information about the
the physical mechanisms triggering the eruption. Models for
the eruption mechanisms are described in Section 2. We anal-
yse two on-disk filament eruptions which have the advantage
that the geometry and evolution of the magnetic fields can be
determined from magnetograms. X-ray spectral and imaging
data fromRHESSIare combined with images fromTRACE
195 Å, while the photospheric magnetic field is observed in
magnetograms taken by the Michelson Doppler Imager (MDI)
instrument onSoHO (the different instruments are described
in Section 3). Additionally, we sample six active region fila-
ment eruptions which have been reported in the literature but
have not been investigated in the context of the X-ray preflare
emission (the analysis of all 8 events is given in Section 4). We
focus on the preflare activity of these events and summarise
our results in Section 5. The spatial and temporal relation-
ships between the preflare brightenings and the motion of the
erupting filament (and the magnetic field topology, for on-disk
events) provide valuable clues about the eruption mechanisms.
In Section 6 we discuss the implications of these signatures for
eruption models.

2. Eruption models

In our analysis we considered three basic eruption models
which have been recently discussed by Moore & Sterling
(2006): internal tether-cutting, external tether-cutting, and an
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Fig. 1. Schematic representation of the 3
trigger mechanisms after Moore & Sterling
(2006). A canonical quadrupolar magnetic
field configuration was chosen for each of
the three cases: internal tether-cutting (left
panels), external tether-cutting (middle pan-
els), and ideal MHD instability (right pan-
els). In each scenario, the magnetic field
is shown prior to eruption (top), just after
eruption onset (middle) and when the erup-
tion is well under-way (bottom). The sites of
the precursor and main phase emissions (ob-
served respectively as preflare brightenings
and flare brightenings during the impulsive
phase of the eruption) are indicated.

ideal MHD (e.g. kink) instability. Each of the three proposed
triggers can be described for the case when the erupting fila-
ment sustained by a sheared core field is in the central lobe of
a quadrupolar magnetic field configuration. Moore & Sterling
(2006) sketch the eruption initiation in each of the three cases in
a sequence of cartoons which is reproduced in Fig. 1. It is noted
that the internal tether-cutting reconnection and ideal MHD in-
stability can also occur in the case when the sheared field is the
core of an isolated bipole, but external tether-cutting (breakout)
reconnection can strictly occur only in quadrupolar configura-
tions.

If reconnection takes place, it is expected to begin either
below the erupting filament, producing brightenings in the
sheared core field, or at the magnetic null point above the erupt-
ing central lobe, producing remote brightenings. The terminol-
ogy used by Moore & Sterling (2006) is ‘slow-runaway re-
connection’ for reconnection during the slow-rise phase and
‘explosive reconnection’ for reconnection during the fast-rise
phase of the eruption.

We compare our observed early eruption activity with the
signatures predicted by these models as suggested by Fig. 1. In
particular, internal-tether cutting requires brightenings low in
the core field, i.e. close to the PIL, during the slow-rise phase
onset. External tether-cutting predicts brightenings before the
onset of the filament eruption, far from the core field. An ideal
MHD trigger would show by an erupting filament entering the
fast-rise phase immediately, with no precursor or brightening
anywhere in the eruptive region prior to the main phase.

3. Observations

We have scanned the online collection ofTRACEmovies1 and
selected two on-disk filament eruptions with sufficient cover-
age of the early eruption phases from bothTRACEandRHESSI
(events 1 and 2 listed in Table 1). The sampling criteria for
these events may be summarised as follows:

1. The event is an active region filament eruption accompa-
nied by a flare.

2. The event is on-disk (longitude within the range±65◦).
3. There isTRACEcoverage throughout the filament eruption.

1 At http://trace.lmsal.com/POD/TRACEpod.html.

4. There isRHESSIcoverage for the preflare phases of the
accompanying flare, starting at least 5 minutes before the
impulsive phase onset.

A further six events (indexed 3 to 8 of Table 1) were se-
lected from observations of filament eruptions reported in the
literature. The criteria for selecting these additional events were
as above, except for the second (limb events were also in-
cluded) and fourth (there isRHESSIcoverage only after launch
in February 2002) criteria.

The TRACEinstrument (Handy et al. 1999) consists of a
30 cm aperture Cassegrain telescope observing the solar corona
in three coronal EUV wavelengths (Fe/x, 171 Å; Fe/ ,
195 Å; Fe, 284 Å), as well as in H Lyman-α (1216 Å), C

(1550 Å), UV continuum (1600 Å), and white light (5000 Å).
Its unprecedented high-spatial resolution (of approximately 1′′)
and cadence (as low as 20 s) render this instrument suitable for
observing eruptive events in detail. Fe and Fe lines domi-
nate the emission in the 171 ÅTRACEfilter while Fe usually
dominates the emission in the 195 Å filter, making these pass-
bands sensitive to temperatures of 1-2 MK. However, Phillips
et al. (2005) have shown that the 171 Å filter also has a high-
temperature response (∼10-20 MK) due to the continuum and
Fe contributions. During solar flares it has also been found
that theTRACE195 Å channel can contain some Fe emis-
sion (e.g. Phillips et al. 2005; Tripathi et al. 2006b) so that
high-temperature features (∼10-20 MK) present inRHESSIX-
ray images are also detectable in theTRACEEUV channels.

We processed the rawTRACEdata by means of standard
SolarSoftroutines, subtracting the image pedestal and dark cur-
rent as well as correcting for radiation spikes. Much of our
analysis involved the co-alignment of images fromTRACE
with images fromRHESSIand MDI. This is not a straightfor-
ward task because theTRACEabsolute pointing is uncertain
at up to the 40′′ level. All analysedTRACEimages, therefore,
required a pointing correction, cross-checked at different times
during the events. Full-disk EUV images taken bySoHO/EIT
(Delaboudinière et al. 1995) proved useful for feature co-
alignment in a similar wavelength band, using the methods de-
scribed in Gallagher et al. (2002). Alternatively, when EIT im-
ages were missing, we co-aligned simultaneousTRACE1600
images withSoHO/MDI images, and then used the resulting
shift values to correct simultaneousTRACEEUV images. In
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Fig. 2. GOES0.5-4 Å (thin curve) and 1-
8 Å (thick curve) light-curves during the
2005 Sept. 13 event (event 1 of Table 1).
RHESSIcount rates in the energy ranges of
3-12 keV, 12-25 keV, and 25-50 keV were
averaged overRHESSIdetectors 1,3,4,5,6,8,
and 9. The periods during whichRHESSI
entered the SAA (18:51 - 19:09 UT) and
then night-time (19:21 - 19:52 UT) are
marked by light grey areas, and theTRACE
SAA period (19:07 - 19:22 UT) is marked
by the dark grey area. Prior to night-
time, RHESSIobserved with no attenua-
tors in front of its detectors. WhenRHESSI
emerged from night-time (∼19:53 UT), both
its thin and thick attenuators were inserted
(‘A3’ state). The y axis has a logarithmic
scale. Indicated on the plot are the times
of the two preflare brightening peaks in the
GOES 0.5-4 Å at 18:29 and 19:05 UT.
Several times at whichRHESSI images
shown in Fig. 4 were obtained (19:10,
19:16, 20:03 UT) are also marked.

Fig. 3. Left panel: Hα observation of the filament some 3 hours prior to eruption on 2005 Sept. 13 (event 1 of Table 1). The image was taken
at BBSO. The filament is seen in absorption as a dark S-shaped feature. The eastern and western arms of the S-shape are marked on the figure.
Only the eastern arm was observed to erupt. The first SXR preflare brightenings (6-12 keV, red contours) were observed byRHESSIclose to
the centre of the S-shape between∼18:25 UT and 18:51 UT.Middle panel:The S-shaped filament seen as an absorption feature inTRACE
195 Å. Only the eastern (erupting) arm is visible in EUV images. SimultaneousRHESSIpreflare brightening contours are also overlaid. This
image forms part of video1.Right panel:MDI magnetogram taken prior to eruption at 18:33 UT with simultaneousRHESSIpreflare contours.
The PIL has a complex shape marked by the orange dashed curve. There are two major components of the observed PIL: one loop around the
island of negative flux in the centre of the active region, and one eastern arm tracked by the eastern filament arm.

event 1 of Table 1, we complementedTRACEobservations with
blue wing Hα (-0.6Å) images of the filament eruption obtained
at the Big Bear Solar Observatory (BBSO), with 1′′ pixel size
and 1 minute cadence.

We made use of X-ray light-curves from theGeostationary
Operational Environmental Satellites(GOES). These monitor
the spatially-integrated solar emission in two broadband SXR
filters (0.5-4 and 1-8 Å). Spatial information about the X-
ray preflare brightenings and flare evolution was provided by
RHESSI(after its launch in February 2002).RHESSIconsists
of rotation modulation collimators situated in front of a spec-
trometer with nine high-resolution germanium detectors (Lin et
al. 2002). Providing a spatial resolution as low as∼2′′ and X-
ray spectral resolution of∼ 1 keV,RHESSIis sensitive to solar

high-energy emission from 3 keV to 17 MeV. We obtained X-
ray images using the CLEAN (Hurford et al. 2002) algorithm
available in the standardRHESSIsoftware, using data from de-
tectors 1-9 with natural weighting and ‘local average’ enabled.

For the sampled on-disk events, we obtained line-of-
sight photospheric magnetic field observations taken with the
SoHO/MDI instrument (Scherrer et al. 1995). MDI measures
the line-of-sight, i.e. the longitudinal component of the mag-
netic field with a resolution of 2′′ from the Zeeman splitting of
the Ni (6768 Å) line.
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Fig. 4. Evolution of the filament eruption on 2005 Sept. 13 (event 1 of Table 1).Top row (19:10-19:20 UT): MDI maps with simultaneous
RHESSI6-12 keV (red) and 12-25 keV (blue) contours. All three MDI maps form part of video2. The preflare X-ray brightenings have the
apparent form of a loop-top source with two footpoints traveling rapidly from west to east (right to left) along the component of the PIL
bounding the south side of the negative polarity island, as indicated by the yellow arrow. There is noTRACEdata available between 19:07-
19:22 UT because the instrument crosses the SAA.Bottom row(19:30-20:03 UT): Rising from the preflare X-ray brightening initial location,
the left half of the filament erupts asymmetrically (white arrows indicate its motion). The location of the initially anchored footpoint (FP)
of the filament observed to rise from 19:24 UT is indicated with the yellow arrow in the top image (taken at 19:29 UT). Post eruption EUV
brightenings propagate along and separate away from the PIL, marking the footpoint regions which track the projection of the erupted filament
in the direction indicated by the yellow arrows.RHESSI6-12 keV (red) and 30-40 keV (blue) X-ray emission during the main energy release
phase (flare impulsive phase) is overlayed on the image taken at∼20:03 UT (right panel). AllTRACEmaps form part of video1.

4. Data analysis and results

In the next two subsections we present the two events anal-
ysed here in detail (events 1 and 2 of Table 1), followed by
descriptions of the 6 revisited filament eruptions (events 3 to 8
of Table 1).

4.1. 2005 September 13 (Event 1: on-disk)

The filament eruption on 2005 September 13 occurred at
the heliographic location 15S 15E and was associated with
a GOES X1.5 class flare peaking at 19:27 UT (Fig. 2).
Subsequently, a CME was detected by theSoHO/Large
Angle and Spectrometric Coronograph (LASCO)/C2 around
20:00 UT with a speed of 1866 km s−1 according to the LASCO
CME catalogue2. A stationary on-disk filament was observed at
15:51 UT in Hα as a dark S-shape (Fig. 3, top panel), approxi-
mately 3 hours prior to its eruption at∼19:24 UT. Other studies
of this filament eruption have been carried out independently
by Nagashima et al. (2007) and Wang et al. (2007).

We observed the activation of the filament mainly in
TRACEimages taken in the 195 Å passband (Fig. 3, middle
panel). Only the eastern arm of the filament appeared dark in

2 http://cdaw.gsfc.nasa.gov

EUV images. Since no EIT data were available at the time
of the eruption, we obtained theTRACEpointing correction
values by co-aligning images taken byTRACE at 1600 Å
with simultaneous MDI magnetograms.RHESSIpreflare im-
ages were obtained in the 6-12 keV band between∼18:25 UT
and 18:51 UT, when the spacecraft entered the South Atlantic
Anomaly (SAA). These images show preflare brightenings sit-
uated close to the centre of the S-shaped filament at the location
x = -50′′ and y= -320′′ (Fig. 3, middle panel), where x and
y are the coordinates measured from the centre of the visible
solar disk with an estimated uncertainty of±3′′. MDI magne-
togram with overlaidRHESSIcontours revealed these preflare
brightenings on the PIL surrounding an island of negative po-
larity in the middle of the active region (Fig. 3, right panel).
This loop component of the PIL has its eastern end connected
to the PIL traced by the eastern arm of the filament.

The beginning of the activity is marked by two weak,
distinct, enhancements in the SXRGOES light-curves (be-
tween∼18:25 UT and 19:20 UT) which peak at 18:29 UT and
19:05 UT, at the B7 and C3 levels, respectively (Fig. 2). The
destabilisation of the system became apparent at the time of
the X-ray preflare emission peak (19:05 UT), when the en-
tire region strongly brightened in theTRACEEUV images.
TRACEwas in the SAA for approximately 15 minutes (19:07-
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19:22 UT) but the event could still be monitored with the
RHESSIX-ray images and the BBSO Hα images. We over-
layed 6-12 keV and 12-25 keV contours on co-temporal MDI
magnetograms in Fig. 4, top row.

We analysed the X-ray spectrum of the preflare brighten-
ing observed withRHESSIby means of imaging spectroscopy
with the Object Spectral Executive (OSPEX), which uses ver-
sion 5.2 of the CHIANTI (Dere et al. 1997b; Landi et al.
2006) atomic code. The thermal plasma emission was mod-
eled with an isothermal component (describing the free-free
and free-bound continuum) and one Gaussian function to fit the
6.7 keV Fe line feature (method described in detail by Phillips
et al. 2006). The observed high-energy emission (&10 keV)
was modeled as a nonthermal component with a power-law dis-
tribution I(E)∝E−γ, whereγ represents the power-law index of
the photon flux spectrum. The power-law distribution breaks
to I(E)∝E−1.5 at energies<10.5 keV. An example of aRHESSI
spectrum at 19:11 UT fitted to the sum of these three compo-
nents is given in Fig. 5. The fitting suggests that, at energies
above∼10 keV, the nonthermal contribution dominated over
the thermal component.

The X-ray brightenings observed in the 6-12 keV and 12-
25 keVRHESSIimages traveled rapidly (with a velocity of ap-
proximately 156 km s−1) from west to east (right to left) along
the PIL component bounding the southern side of the negative
polarity island, in the same direction as the erupting filament
arm (Fig. 4). To the best of our knowledge, this is the first obser-
vation of such evolution in the pre-eruption X-ray activity. The
X-ray preflare brightenings had the apparent form of a loop-top
source (seen in both 6-12 keV and 12-25 keV images) and two
footpoints (observed in the 6-12 keV energy band). However,
this was difficult to determine with certainty due to projection
effects. It is possible that this motion is tracking the propaga-
tion of magnetic reconnection along the PIL, in agreement with
the 3D propagation of magnetic reconnection during asymmet-
ric filament eruptions discussed by Grigis & Benz (2005).

We note that possibly because the filament was on-disk, we
were not able to observe a slow-rise of the filament prior to its
fast-rise commencing at∼19:24 UT. At this time, the filament
(observed in BBSO Hα andTRACEEUV images) was seen to
rise at a speed>100 km s−1, well above the slow-rise speed
of <10 km s−1 generally reported at the beginning of filament
eruptions. The eastern half of the filament erupted asymmetri-
cally from west to east (right to left) as shown in theTRACE
images of Fig. 4, right column. The site of the initially an-
chored footpoint (FP) that was first observed to rise is indicated
in Fig. 4, right column, top panel, at the approximate location x
= -120′′ and y= -350′′. The rising footpoint at∼19:24 UT ap-
peared co-spatial with the X-ray preflare brightenings observed
with RHESSIat 19:21 UT, just before the instrument entered
night-time.

Only the eastern arm of the S-shaped filament was observed
to erupt. During its eruption, EUV brightenings propagated in
the direction of motion along the PIL under the eastern fil-
ament arm, separating at the same time away from the PIL.
This simultaneous propagation along and away from the PIL
of post-eruption brightenings in EUV during asymmetric fil-
ament eruptions has been studied by Tripathi et al. (2006a)

Fig. 5. RHESSIspectrum (dashed curve, with error bars) of the pre-
flare brightenings accumulated for 80 s around 19:11 UT on 2005
Sept. 13 (event 1 of Table 1). The thermal continuum was modeled
with one isothermal component (dotted curve) using CHIANTI v.5.2.
One Gaussian function was added to fit the Fe line feature observed
by RHESSI∼6.7 keV (dashed-dot curve). The high-energy tail of the
spectrum was fitted with a power-law component E−5.1 (dashed dot-
dot-dot) breaking to E−1.5 at energies below 10.5 keV. The sum of all
three spectral components (best-fit model) is represented by the con-
tinuous curve. The fitting range was 5-25 keV.

Fig. 6.3D schematic diagram of an asymmetric filament eruption such
as the erupting filament on 2005 Sept. 13 (event 1 of Table 1). The di-
rection of EUV brightening propagation along and separation away
from the PIL is marked by arrows. This figure was adapted from
Tripathi et al. (2006a).

(Fig. 6). The site of the main energy release was observed close
to (within ∼20′′ of) the initial preflare location (Fig. 4, bottom
panel).

To determine the topology of the magnetic field in the
erupting region, we investigated a sequence of MDI images be-
fore, during, and after the event. We detect a small parasitic
positive polarity emerging in the strong negative-flux region,
at a location close to the site of the SXR preflare brightenings
(Fig. 7). A faint parasitic polarity could be noticed as early as
19 hours (at 00:03 UT) prior to the filament eruption. The small
patch of positive polarity was still faint at 19:22 UT, attaining
a maximum in the next available image at 19:26 UT (close to
the flare peak), and then decayed until it disappeared at about
20:40 UT. The observed emerging flux may provide a potential
cause for the eruption (Subramanian & Dere 2001).
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Fig. 7. MDI magnetogram taken before close to the peak of the 2005
Sept. 13 flare (event 1 of Table 1). The small patch of positive
magnetic flux which becomes prominent close to the flare peak at
19:26 UT. This magnetogram forms part of video2.

4.2. 2005 July 30 (Event 2: on-disk)

The event of 2005 July 30 (11N 51E) consisted of a dou-
ble filament eruption accompanied by a double-flare peak-
ing at 05:19 UT (GOESclass C9.4) and 06:34 UT (GOES
class X1.3), respectively (Fig. 8). We focused on the fila-
ment eruption associated with the first flare, which commenced
at 05:03 UT, and its associated preflare activity. Prior to its
eruption, an S-shaped filament was observed in absorption in
TRACEEUV 171 Å images (Fig. 9).TRACEobserved the on-
set and evolution of the filament eruption for approximately 6
hours between 03:00-09:00 UT. The pointing offset was ob-
tained by means of co-alignment withSoHO/EIT 171 Å im-
ages.

We observed the northern part of the filament being acti-
vated as early as 03:01 UT, with transient EUV brightenings
accompanied by slow motion that resulted in a net upward dis-
placement. The EUV brightenings have corresponding small
enhancements in theGOESand RHESSIX-ray light-curves.
In particular, we noticed two small X-ray bursts in the higher-
energy (0.5-4 Å)GOESlight-curves at 04:54 and 05:00 UT
(Fig.8), just before the filament eruption at 05:03 UT.RHESSI
light-curves show an energy burst in the 3-12 keV light-curves
at 05:02 UT, and an impulsive spike in the 12-25 keV light-
curves occurring at 05:04 UT. We were not able to detect any
nonthermal HXR emission prior to the flare impulsive flare on-
set at 05:03 UT. At 05:01 UT, the preflare brightenings in EUV
appeared to travel between the two end footpoints of the S-
shaped filament. We obtainedRHESSISXR images (6-12 keV)
after 05:01 UT. These preflare X-ray contours were found spa-
tially coincident with the EUV brightenings which appeared
first at the footpoint of the northern filament part (x= -850′′

and y = 120′′) at 05:02 UT, and then at the footpoint of the
southern filament part (x= -750′′ and y= 120′′) at 05:03 UT,
as shown in Fig. 9 (top row, left and middle panels). The evolu-
tion the photospheric magnetic field for this event suggests that

the location of the preflare X-ray brightenings corresponded to
regions of canceling magnetic field possibly driven by emerg-
ing flux (Fig. 10). At approximately 05:03 UT the southern part
of the filament erupted rapidly, starting from the location of the
X-ray preflare brightening close to its initially anchored foot-
point marked in Fig. 9 (top row, middle panel). The direction of
the filament eruption is marked with an arrow in Fig. 9 (middle
row, right panel). The erupting material displayed a writhing
evolution before sliding back down. We note that we did not ob-
serve a slow-rise prior to the impulsive eruption of this part of
the filament. However, this structure was closely linked to the
northern part of the filament for which a slow-rise was visible
from the beginning of theTRACEobservations approximately
2 hours prior to the eruption fast-rise phase. These observations
are suggestive of an internal tether-cutting mechanism driving
the eruption of the southern filament.

Around 05:55 UT this eruption reached the middle of the
filament channel. Simultaneously, the northern part of the fila-
ment entered its fast-rise phase, starting from its anchored foot-
point in the middle of the S-shape. The northern filament erup-
tion was accompanied by the second (more intense) flare.

During the southern filament eruption between 05:03-
05:55 UT, we observed the propagation of post-eruption EUV
brightenings as expected from the extension of ‘standard’ 2D
flare models to 3D (e.g. Tripathi et al. 2006a). However, the
RHESSIHXR sources remained at the same locations. The site
of the HXR (12-25 keV) emission is shown in Fig. 9, coinci-
dent with the position of the preflare brightenings (at the ap-
proximate coordinates x= -750′′ and y= 120′′).

We note that while the HXR emission was observed as rel-
atively short bursts, mainly during the flare impulsive phase
of the flare, the EUV emission was present throughout the
entire event, tracking the complete evolution of the eruption
past its impulsive phase. Therefore, studying the evolution of
an eruptive event requires multiwavelength observations which
combine context EUV images throughout the entire event with
high-cadence X-ray observations.

4.3. 2005 July 27 (Event 3: limb)

A spectacular filament eruption occurred over the eastern so-
lar limb (09N 89E) on 2005 July 27 (Fig. A.1). This event has
been described in detail by Chifor et al. (2006), usingTRACE
171 Å images andRHESSIX-ray images complemented by
microwave observations fromNoRH. The prominence erupted
such that its southern connected end started to slow-rise no-
ticeably in correlation with the appearance a discrete, localised
X-ray preflare brightenings, peaking at∼03:54 UT. The pre-
flare brightening source was situated close to (∼20′′ south of
the visible barb) and below the erupting footpoint. (Fig. A.1,
middle panel). FromRHESSIspectral analysis of the X-ray
preflare enhancement, Chifor et al. (2006) found evidence of
thermal X-ray emission at∼15 MK, and nonthermal bremm-
strahlung emission at energies above 10 keV, suggesting lo-
calised low magnetic reconnection beneath the filament. These
observations were suggestive of the eruption being triggered by
internal-tether cutting reconnection. The site of the later main
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Fig. 8. Left panel: GOES0.5-4 Å (thin curve) and 1-8 Å (thick curve) light-curve profiles during the 2005 July 30 filament eruption (event
2 of Table 1). The preflare brightenings at 04:54 and 05:00 UT in the higher energy channel (0.5-4 Å) are indicated.RHESSIcount rates in
the energy ranges of 3-12 keV and 12-25 keV, averaged over detectors 1,3,4,5,6,8, and 9 are also plotted. The y axis has a logarithmic scale.
The RHESSIspacecraft emerged from a period of night-time and SAA (marked by the grey areas) at 04:46 UT. The double arrow between
04:50-05:20 UT marks the time interval over which theRHESSIlight-curves are plotted separately in the right panel, in order to distinguish the
transient preflare X-ray bursts around the time of the impuslive flare onset at∼05:03 UT.Right panel: RHESSIcount rates in the energy ranges
of 3-12 keV and 12-25 keV, averaged over detectors 1,3,4,5,6,8, and 9. The y axis has a logarithmic scale. The preflare activity in the form of
relatively SXR bursts is conspicuous between approximately 04:54 UT and 05:04 UT. We note, in particular the enhancement in the 3-12 keV
light-curves at 05:02 UT, and the impulsive spike in the 12-25 keV light-curves at 05:04 UT.

energy release can be observed during the fast-rise phase of the
filament eruption approximately 50′′ north of the preflare loca-
tion (Fig. A.1, bottom panel).

4.4. 2004 November 10 (Event 4: on-disk)

The event on 2004 November 10 (08N 49W) has been re-
ported previously by Williams et al. (2005), who observed
a highly-localised preflare brightening inTRACE1600 Å im-
ages at 01:52 UT,∼7 minutes prior to the flare onset (Fig. A.2).
This brightening was co-spatial with the emergence of a small
magnetic bipole near the PIL. Additionally, we find a pre-
flare X-ray enhancement inGOESlight-curves, with peaks at
01:47 UT and 01:57 UT. We also observed corresponding en-
hancements in X-rayRHESSIlight-curves. We imaged the pre-
flare enhancement around∼01:58 UT in theRHESSI6-12 keV
wavelength band, and found the source situated near the PIL
(within 10′′), close to the approximate location from which the
filament was first observed to rise (Fig. A.2, top right and bot-
tom left panels).

We observed a fast-rise phase of the filament already on its
way by 02:03 UT, after the onset of the impulsive flare phase.
There are noTRACEimages in the 1600 Å available before
02:03 UT to distinguish the onset time of a potential initial
slow-rise of the filament. The site of the main flare emission

(Fig. A.2, bottom right panel) is observed along the PIL, within
30′′ of the preflare emission.

Williams et al. (2005) found that an exponential function
fitted the height-time profile of the erupting filament, suggest-
ing an MHD kink instability trigger. Williams et al. (2005)
argue that the filament prior to the eruption was highly twisted,
which would also point to the MHD kink instability as an erup-
tion driver. However, they also pointed out that the brightenings
in theTRACE1600 Å channel and bipole emergence were sug-
gestive of initial magnetic reconnection beneath the filament.
This initial reconnection then triggered reconnection above the
filament as suggested by a quadrupolar topology and the bright-
ening of UV ribbons, a scenario consistent with the internal
tether-cutting model. Furthermore, the location and timing of
the X-ray preflare brightening observed in our analysis (close
to the PIL, before the slow-rise of the filament) support the
view of internal tether-reconnection as an initial trigger.

4.5. 2002 May 27 (Event 5: limb)

The event on 2002 May 27 at the western solar limb (10N 87W)
was associated with aGOESM2.0 class flare (Fig. 13). This
event has been reported as ‘failed’ by Ji et al. (2003) and, more
recently, by Alexander et al. (2006). Indeed, the motion of the
filament seen inTRACEimages was observed to stop∼80 Mm
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Fig. 9. TRACE171 Å images showing the 2005 July 30 filament eruption (event 2 of Table 1).RHESSI6-12 keV and 12-25 keV contours are
overplotted in red and blue, respectively. The northern (NF) and southern (SF) parts of the S-shaped filament are marked (top row, first image).
The erupting footpoint (FP) of the southern filament, anchored prior to its fast-rise at 05:03 UT, is indicated on the image taken around this
time (first row, middle panel). The direction of the southern filament eruption and EUV propagation is indicated by the yellow arrow on the
TRACEimage at 05:08:51 UT (middle row, left panel). All panels form part of video3.

above the photosphere (Ji et al. 2003) and there was no de-
tectable CME in the LASCO/C2 data. However, we observed a
cavity eruption in Mark-IV (MK4) images taken by the Mauna
Loa Solar Observatory (MLSO).

Both studies report a HXR (12-25 keV) coronal source
above the filament (Fig. 13), starting around 18:01 UT, at the
beginning of the filament’s slow-rise. The slow-rise motion was
observed between 18:01-18:02 UT, followed by a fast expan-
sion with a distinctive untwisting motion.

In our analysis of this event, we observed the preflare emis-
sion detected withRHESSIin the 12-25 keV energy band,
prior to the impulsive phase onset, between 17:52-18:00 UT.
RHESSI images of the preflare X-ray brightening between
17:54-17:57 UT revealed the presence of a 12-25 keV source
on the opposite (eastern) hemisphere of the Sun (at x= -850′′

and y= 250′′). This second source must contribute to the pre-
flare emission detected byGOES. Therefore, in this case, we
are not able to establish a correlation between the preflare X-
ray brightening seen in the spatially integrated X-ray light-
curves and the filament eruption.

We confirm the first HXR source observed above the erupt-
ing footpoint of the filament at the beginning of the filament

slow-rise (Fig. 13), as well as a second coronal HXR source
which has been identified by Alexander et al. (2006) under the
apex of the filament during the fast-rise phase. Alexander et
al. (2006) have argued that this second source implies ongo-
ing magnetic reconnection in a current sheet formed via a kink
instability. These findings support the MHD simulations by
Gibson & Fan (2006a,b) and observables predicted by Tripathi
et al. (2007). As with the eruption on 2004 November 10 (event
4 of Table 1), we agree with the possibility that the filament
may have been driven by a kink instability during its eruption
after the slow-rise onset. However, the first HXR source sug-
gests tether-cutting reconnection (external in this case) as the
initial release mechanism.

4.6. 2002 April 16 (Event 6: limb)

The filament eruption on 2002 April 16 occurred on the western
solar limb (27N 80W), in association with aGOESM2.5 flare
peaking at 13:18 UT, and a CME detected by LASCO/C2 at ap-
proximately 13:50 UT. The event has been previously analysed
by Sui et al. (2004) and Goff et al. (2005). TheGOESand
RHESSIlight-curves for this event show a conspicuous pre-
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Fig. 10. MDI magnetograms taken prior to (left panel), just before (middle panel) and after (right panel) the filament eruption on 2005 July
30 (event 2 of Table 1).RHESSI6-12 keV contours taken at 05:02:00 UT (red) and 05:03:08 UT (yellow) are overlayed. These SXR preflare
brightenings coincide with regions of evolving magnetic features (encircled in the images prior to and after the eruption) which suggest magnetic
flux cancelation possibly driven by emergence of new flux.

flare enhancement which peaked at approximately 12:58 UT
(Fig. 14). The preflare X-ray brightening also manifested it-
self as an EUV enhancement inTRACE195 Å images, when
the end of a loop arcade system started to brighten (around
12:55 UT). We imaged the preflare 12-25 keV X-ray source
at 12:58 UT, and confirm the presence of a nonthermal coronal
source previously reported by Goff et al. (2005). The preflare
source is observed above the filament, suggesting an external-
tether cutting eruption mechanism. Sui et al. (2004) imaged
the event only after 13:03 UT, approximately 2 minutes after
the impulsive phase onset, thus omitting the preflare phase.

Sui et al. (2004) noticed a decrease in altitude of the coro-
nal source emission after the flare onset (from 13:06 UT on-
ward). Additionally, we discern a dip of∼7 Mm in the al-
titude of this coronal source (10-15 keV, Fig. 5 in Goff et
al. 2005), earlier in the height-time profile, between approx-
imately 12:58 UT and 13:01 UT. A downward motion of the
coronal source, not predicted by current flare models, has been
identified in several flares (e.g Sui et al. 2004; Veronig et al.
2005; Holman et al. 2005) previously imaged withRHESSI.
This motion was observed during the early flare phases, before
then changing to the commonly observed upward expansion of
the flare loop system.

We observed the preflare X-ray source above the filament
channel located close (within 20′′) from the main energy emis-
sion site indicated byRHESSI12-25 keV contours taken during
the flare impulsive phase at 13:12 UT (Fig. 14, bottom panel).

4.7. 2000 November 24 (Event 7: on-disk)

The filament eruption on 2000 November 24 (21N 15W) has
been studied by Moon et al. (2004), who reported several
transient brightenings in Hα and, more noticeably inTRACE
1600 Å images before the X1.8 flare peaking at 21:59 UT. The
UV preflare brightenings (Fig. A.5, bottom left panel) occurred
near one footpoint of the erupting filament and were also asso-
ciated with canceling magnetic features (CMFs) observed in
the MDI magnetograms (Fig. A.5, top right panel). The UV

preflare activity was reported close to the PIL (we estimate
within 5′′ distance). Moon et al. (2004) suggest that flux vari-
ations of these CMFs are an indication of the flux cancelation
having been driven by the emergence of the new flux. It was
noted that the filament slow-rise onset at 21:31 UT coincided
with the preflare UV brightenings and CMFs. We found that
a small X-ray enhancement which peaked at 21:34 UT in the
GOESX-ray light-curves is coincident with this preflare activ-
ity. We also note that the Hα brightenings reported by Moon et
al. (2004) provide evidence for nonthermal preflare emission.
We observed the preflare UV brightenings were located within
40′′ from the main energy emission site, which is marked in the
EIT 195 Å image taken at∼21:47 UT in Fig. A.5, bottom right
panel. These observations are suggestive of an internal tether-
cutting eruption mechanism for which the emerging flux may
be a trigger.

4.8. 1998 July 11 (Event 8: limb)

The erupting filament on 1998 July 11 (Fig. A.6) occurred close
to the western solar limb (32S 68W) and was accompanied by
a C1.7 class flare. The filament eruption looks ‘symmetric’ ac-
cording to the definition of (Tripathi et al. 2006a), rising up
from the centre, with one initially anchored footpoint in the
middle of the filament channel. This event has been analysed in
detail by Sterling & Moore (2005), who reported brightenings
in TRACE195 Å images beginning concurrently with the start
of the filament’s slow-rise (at 04:22 UT) beneath the rising fila-
ment. It was noted, however, that while the slow-rise was obvi-
ous from this time, an ‘agitation’ (activation) was present ear-
lier, when their observations started at 04:10 UT. We observe
the preflare brightenings under the filament’s initially anchored
footpoint as indicated in Fig. A.6 (bottom panel).

We observe a preflare X-ray brightening in theGOES0.5-
4 Å channel peaking at 04:23 UT.RHESSIdata are not avail-
able at the time of this event, but the SXR brightenings were
observed by Sterling & Moore (2005) inYohkoh/SXT im-
ages at the same time and location as the EUV brightenings.
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Nonthermal HXR emission fromYohkoh/HXT was first de-
tected at 04:32 UT, after the start of the impulsive phase and
fast-rise phase of the filament. The preflare as well as the later
main flare emission were observed within a small region of ap-
proximately 20′′ marked in Fig. A.6, bottom panel.

Sterling & Moore (2005) showed rotated Kitt Peak mag-
netograms taken from 1998 July 9 with overlayedTRACEand
SXT images. Upon inspecting these images, we found the loca-
tion of the preflare brightenings close to the PIL (within 10′′).
Newly emerged flux near the location of the initial brighten-
ings was also reported by Sterling & Moore (2005) about 2
days prior to the event.

Sterling & Moore (2005) concluded that their observations
were consistent with an internal tether-cutting model, in which
the emerging flux was a catalyst of the eruption onset. We note
that although there was no available coronographic data for this
event, we can say that this filament eruption was most probably
associated with a CME, based on the formation of EUV post-
eruption arcades, as studied by e.g. Tripathi et al. (2004).

5. Summary of results

We have studied the spatial and temporal relationships between
X-ray preflare brightenings and filament eruptions. The results
derived from the analysis of the 8 sampled events are sum-
marised below:

1. In at least seven out of eight events we found the small
preflare X-ray bursts spatially and temporally correlated to
the filament eruption. Therefore, we refer to these preflare
brightenings asprecursorsto the flare and filament erup-
tion. In a double event (on 2005 July 30, event 2 of Table
1), the first filament eruption and flare appeared as a pre-
cursor to the second, and more impulsive eruption.

2. The precursors were observed between 2 and 50 minutes
before the start of the filament fast-rise and flare impul-
sive phase. They appear to be discrete, spatially localised
instances of energy release, rather than a gradual enhance-
ment leading to the main energy release.

3. In five events (2,3,4,7, and 8 of Table 1), the X-ray precur-
sors were first observed beneath the filament, close to the
initially anchored footpoint. In two events (1 and 6 of Table
1) the precursors appeared as HXR coronal sources situated
above the filament. In one event (5 of Table 1) we could not
establish a correlation between the X-ray precursor and the
filament eruption.

4. The filaments begin to rise from the location of the precur-
sor. When the filament begins to rise from one observed
(initially anchored) footpoint (all events except for event
6), the precursor is located close to this footpoint. In one
event (event 1) the HXR precursor traveled with a veloc-
ity of 156 km s−1 along a PIL, in the same direction as the
filament eruption, but on a neighbouring PIL.

5. Magnetic field observations (for events 1,2,4,7, and 8) re-
vealed that the precursors were located on or near the PIL
(within 10′′). Coinciding with the initial location of the pre-
cursors, we observed emerging (events 1,4 and 8) and can-

celing (events 2 and 7) magnetic flux. However, the cancel-
ing flux may have been driven by emerging flux.

6. Along with thermal sources that produced SXR and EUV
emission, nonthermal HXR precursor emission was de-
tected in five (1,3,4,5,6 of Table 1) out of the six events
observed withRHESSI.

7. In each of the 8 events, the fast-rise phase of the filament
eruption started either at the same time as the onset of the
impulsive rise of the main flare or up to 5 minutes later.

6. Discussion and conclusions

Observed in multiwavelength, high-temporal and spatial reso-
lution data, the precursor activity can provide insights into the
possible trigger of the filament eruption and associated flare.
The X-ray precursors were observed in the form of weak but
discrete events (not merely a gradual pre-enhancement to the
main flare), similar to precursors of flare-associated CMEs ob-
served by (e.g. Harrison 1986). Early observations of SXR
emission prior to the onset of HXR emission during the im-
pulsive flare phases (Harrison 1986; Zhang et al. 2001) have
suggested that such flare precursors may accompany the launch
of the associated CME. These appear similar to the X-ray pre-
cursor brightenings associated with the filament eruptions dis-
cussed in our paper.

Using the linear extrapolation method, it has been found
that the onset time of a CME coincided with a flare precursor
(a small flare) tens of minutes before the main flare (Harrison
1985; Simnett & Harrison 1985; Harrison 1986). However,
this extrapolation method is uncertain since it assumes that the
CME has a constant speed from its launch site at the solar sur-
face through the altitude of the coronograph observations. A
more reliable analysis was performed by Zhang et al. (2001),
who determined the initial evolution of the CME directly us-
ing EIT and LASCO/C1 images. This study also found that the
CME was initiated earlier than the onset of the main flare dur-
ing a ‘preflare’ phase, a small enhancement in the X-ray flux
ahead of the flare impulsive phase. A more recent benchmark
study for CME initiation proposed by Harrison & Bewsher
(2007) found consistent results with the interpretation of Zhang
et al. (2001). It is the preflare X-ray activity which was the
focus in our paper. Our analysis of eight events provides evi-
dence of the spatial and temporal correlation between the fila-
ment eruption onset and X-ray precursors.

For the first time, we have reported preflare HXR brighten-
ings traveling rapidly along a PIL, in the same direction as the
asymmetrically erupting filament, but on a separate nearby PIL
(event 1 of Table 1). This motion is observed prior to the main
flare which occurred on the same PIL, and started within 20′′ of
the first preflare X-ray brightenings some 15 minutes later. This
sequence of events is suggestive of the preflare brightenings be-
ing related to the trigger of the main energy release. The same
correlation may also be present in the case of a double flare and
filament eruption (event 2 of Table 1), when the smaller flare
appeared to trigger the subsequent main energy release.

Most detailed analyses of filament eruptions reported in the
literature focus mainly on the X-ray emission after the filament
eruption onset (e.g. Ji et al. 2003; Alexander et al. 2006), with
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little attention paid to the X-ray emission prior to the flare on-
set and filament slow-rise. In this paper, we have revisited six
such events (and two new events), pointing out the observable
signatures for the eruption trigger. The X-ray flare precursors
and the pre-eruptive filament evolution also appear as pre-CME
symptoms. By investigating the very early stages of filament
eruptions in the form of X-ray brightenings, we recognise the
potential of this pre-flare activity as a signature of CME initia-
tion.

The precursor X-ray brightenings suggest that initially lo-
calised magnetic reconnection events are a common trigger
for both flare emission and filament eruption. Like Fárník et
al. (2002), we found that the precursors are located along
the PIL and they can display nonthermal emission. Our ob-
servations of eruptions beneath the filament (five out of eight
events) appear consistent with the scenario involving reconnec-
tion between the emerging field and the sheared core magnetic
field supporting the filament (internal tether-cutting). However,
at present, we cannot exclude an external tether-cutting (or
‘breakout’) scenario, when precursor HXR brightenings were
clearly observed above the loop-top high in the corona (events
5 and 6). One filament eruption (event 4) suggested that in-
ternal tether-cutting reconnection may be followed closely by
external tether-cutting reconnection, with the magnetic tethers
being weakened first at low altitudes, and then later at greater
altitudes above the filament (Williams et al. 2005).

In all 8 analysed events, the fast-rise phase of the filament
started either at the same time as the onset of the impulsive
rise of the main flare in the GOES X-ray flux, or a few min-
utes later. This result indicates that the fast rise phase of the
eruption was not triggered only or mainly by an ideal MHD in-
stability, or by loss of magnetostatic equilibrium, acting in the
absence of significant tether-cutting reconnection. This timing
result, together with the observed initial heating and nonther-
mal emission during the X-ray precursors, indicate that tether-
cutting reconnection was occurring at or before the onset of the
fast rise of the filament. While many erupting filaments/flux-
ropes appear to kink as they erupt (e.g. Rust & LaBonte 2005;
Török & Kliem 2005), we are aware of no conclusive obser-
vational evidence that this eruption mechanism acts on its own.
Initiation by an MHD instability without any field weakening
by reconnection could be proved by observations of strong-
field filament eruptions in which the impulsive phase is ob-
served prior to any sign of X-ray or EUV brightening in the
active region. We know of no such events (Moore & Sterling
2006). However, evidence has been found of kinking filament
eruptions being released by initial tether-weakening involving
reconnection. Events 4 and 5 of Table 1 are two examples of
such eruptions. Earlier observations by Wang & Shi (1993)
also reported a filament eruption characterised by an untwist-
ing upward motion associated with a localised precursor ‘mi-
croflare’ representing the first signature for the disturbance of
the system. In conformity with the conclusions drawn from
event 4 discussed in this paper, Wang & Shi (1993) found that
canceling magnetic reconnection beneath the filament can be
responsible for the untwisting and upward motion.

The precursors were found on or near the PIL, but the
question remains open as to what creates these brightenings.

As predicted by the internal tether-cutting models (Moore &
Roumeliotis 1992), this could be due to reconnection between
the newly emerging flux at the PIL and the pre-existing flux.
Based on observations (Feynman & Martin 1995; Wang &
Sheeley 1999; Tripathi 2005) and MHD simulations (Chen
& Shibata 2000; Lin et al. 2001), it has been found earlier
that magnetic reconnection between the emerging flux and the
pre-existing flux can lead to the CME eruption. From our ob-
servations we found the new flux emerging at the same loca-
tion as that of the precursor brightenings. However, the active
regions were highly complex, and it was difficult to distinguish
between flux emergence and flux cancelation (which may have
been driven by the emerging flux). In either case, we believe
that, eventually, both flux emergence and flux cancelation have
a similar effect, that is they both can result in magnetic recon-
nection leading to loss of equilibrium.

During the multiwavelength analysis carried out in our
work, we became aware of the advantages and disadvantages
associated with observations from different instruments. The
analysis of events located on-disk was affected by projection
effects which prevented us from making conclusive observa-
tions about the precursor location and the slow-rise motion of
these filaments. However, by choosing filament eruptions lo-
cated on-disk (e.g. events 1 and 2), we gained the advantage
of tracking the geometry and evolution of the magnetic fields.
Most early studies of preflares remained inconclusive due to
lack of suitable observations. We usedTRACEobservations of
limited FOV, but which track the evolution of the erupting EUV
filaments with high-cadence and spatial resolution. The tempo-
ral evolution of X-rays during the events was obtained from
GOES. These satellites have the advantage of continuous tem-
poral coverage; they detect the integrated emission, but lack
spatial information about the precursors. Complementing these
observations,RHESSIX-ray images and spectra brought in-
sight into the spatial extent of the event precursors and their
associated emission mechanisms. There is no doubt that the
problem of finding the solar eruption trigger can only be solved
with the aid of suitable multiwavelength observations to con-
strain theoretical models. The recently launched solar mis-
sions,STEREOand Hinode, and the futureSolar Dynamics
Observatory(SDO), promise improved observations to provide
further insight into the destabilisation trigger of solar eruptions.
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Appendix A: Figures describing events 3 - 8 of
Table 1

Fig. A.1. The X-ray flare and erupting filament evolution during event
3 of Table 1.Top panel: GOESfluxes in the 1-8 Å wavelength band
with overlayedRHESSIlight-curves. The y axis has a logarithmic
scale. Between 04:04 and 04:50 UTRHESSIpassed through night-
time and SAA. The spikes observed in theRHESSIlight-curves after
05:30 UT are due to brief removals of the instrument’s thin attenua-
tor which was inserted at around 04:50 UT. We observed two preflare
emission peaks at 03:55 UT and 04:10 UT.Middle panel:The erupting
filament observed in theTRACE171 Å filter. The location of the X-ray
preflare brightening is marked byRHESSIimage contours (6-12 keV
emission plotted in red). The X-ray image was taken at 04:01 UT, at
the start of the second preflare brightening marked in theGOESplot.
The filament footpoint (FP) indicated on the figure (by the arrow) is
first observed to slow-rise∼03:58, in near synchrony with the first pre-
flare X-ray brightening.Bottom panel: TRACE171 Å image of taken
at 04:54 UT, during the flare impulsive phase.RHESSI6-12 keV (red)
and 25-50 keV (blue) image contours mark the location of the main
energy release.
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Fig. A.2. The X-ray flare, photospheric magnetic field and the erupting filament during event 4 of Table 1.Top, left panel: GOESlight-curves
in the 0.5-4 Å wavelength band with overplottedRHESSIlight-curves in the energy ranges of 3-12 keV, 12-25 keV, and 25-50 keV averaged
over RHESSIdetectors 1,3,4,5,6,8, and 9.RHESSIemerges from the SAA around 01:48 UT and observes the preflare and main flare peak
emissions with both the thin and thick attenuators in place (‘A3’ state). The y axis has a logarithmic scale. The preflare X-ray peak emission
times (01:47 UT and 01:57 UT) are indicated.Top, right panel: RHESSI6-12 keV (red) contour image taken around the time of the second
preflare peak (∼01:58 UT), overlayed on an MDI image to reveal its location near the PIL (within 10′′). Bottom, left panel:Image taken prior to
the filament eruption at∼01:58 UT in theTRACE1600 Å filter. Overlayed are the sameRHESSI6-12 keV preflare contours. The approximate
location of the rising footpoint (FP) of the filament is also indicated.Bottom, right panel: TRACE1600 Å image taken during the fast-rise phase
of the filament (∼02:05 UT).RHESSIHXR 25-50 keV (blue) contours obtained around the flare peak (02:10 UT) are overplotted to show the
site of the main energy release relative to the filament eruption.
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Fig. A.3.The X-ray flare and erupting filament evolution during event 5 of Table 1.Top panel: GOESfluxes in the 0.5-4 Å wavelength band with
overlaidRHESSIlight-curves in the energy ranges of 3-12 keV, 12-25 keV, averaged overRHESSIdetectors 1,3,4,5,6,8, and 9. Until 18:03 UT,
when the thinRHESSIattenuator is inserted, the instrument observes with no attenuators in place. The preflare peak emission time (17:56 UT)
is indicated.Middle panel:The filament was observed in theTRACE195 Å filter prior to eruption at 18:01 UT. Overlaid are simultaneous
RHESSI12-25 keV contours of the HXR coronal source identified at this time. The approximate location of the rising footpoint (FP) of the
filament is indicated by the arrow.Bottom panel: TRACE195 Å image of the erupting filament, during the fast-rise phase. OverlaidRHESSI
12-25 keV contours obtained at approximately the same time (18:07 UT) show the site of the main energy release. The contours include the
coronal source previously identified by Alexander et al. (2006) at the crossing location of the filament legs.
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Fig. A.4. The X-ray flare and erupting filament evolution during event 6 of Table 1.Top panel: GOESfluxes in the 0.5-4 Å wavelength band
with overlaidRHESSIlight-curves in the energy ranges of 3-12 keV, 12-25 keV, and 25-50 keV averaged overRHESSIdetectors 1,3,4,5,6,8,
and 9. NoRHESSIattenuators were in place during this event. The y axis has a logarithmic scale. The preflare peak emission time (12:58 UT) is
indicated.Middle panel:The filament observed in theTRACE195 Å filter close to the time of the preflare brightening.RHESSIimage contours
of the preflare brightening were taken at the time of the preflare X-ray brightening (12:58 UT) in the 12-25 keV energy band (blue contours).
Bottom panel: TRACE195 Å image of the erupting filament, during the fast-rise phase. OverlaidRHESSI12-25 keV contours obtained at
approximately the same time (13:12 UT) show the site of the main energy release.
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Fig. A.5. The X-ray flare, erupting filament and photospheric magnetic field during event 7 of Table 1.Top, left panel: GOESfluxes in the
0.5-4 Å wavelength band. The preflare peak emission time (21:34 UT) is indicated.Bottom left, panel:The erupting filament observed in the
TRACE1600 Å filter at the time of the X-ray preflare brightening peak. The UV preflare brightenings are encircled and the filament footpoint
(FP) is indicated by the arrow (noRHESSIX-ray data available for this event).Top right, panel:The site of the UV preflare brightening is
also marked on an MDI magnetogram showing the photospheric magnetic field prior to eruption.Bottom right, panel:EIT 195 Å image taken
during the main phase of the flare at 21:47:29 UT, with the main flare emission site encircled.
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Fig. A.6. The X-ray flare and erupting filament evolution during event 8 of Table 1.Top panel: GOESfluxes in the 0.5-4 Å wavelength band.
The preflare emission peak time at 04:23 UT is indicated.Middle panel:The erupting filament observed in theTRACE195 Å filter during the
slow-rise, with the EUV preflare brightening encircled (noRHESSIdata available in this case).Bottom panel:The erupting filament observed
in a TRACE195 Å image taken during the fast-rise of the filament and flare impulsive phase. The initially anchored footpoint (FP) located in
the middle of the rising filament is indicated. Also indicated is the approximate location of the main flare emission site. For comparison, the
same region marked in the middle panel is encircled.


