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ABSTRACT

Aims. To study preflare X-ray brightenings as diagnostics of the destabilisation of flare-associated erupting fifaoneinisnces.

Methods. We combine new observations from tfeansition Region and Coronal Explorer (TRAC&)d theReuven Ramaty High Energy

Solar Spectroscopic Imager (RHESSi§ 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 neat’ (efithire olarity

inversion line (PIL), coincident with emerging god 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 firs
observed to rise. Both thermal and nonthermal hard X-ray emissions during the preflare enhancement were detBti&S8itsLggesting

that both plasma heating and electron acceleration occurred at this time. The main energy release during the impulsive phase of the flare
observed close to (within 300f) 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 instance
of energy release, rather than a gradual energy release prior to the main flare. The X-ray precursors represent clearly observable signatures
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 emissior
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 early comprehensive review of the multiwavelength preflare ac-
. . . . tivity was given by Schmabhl et al. (1989). From X-ray observa-
Preflare activity such as transient brightenings before the m Bhs taken with the Hard X-ray imaging spectrometer (HXIS)
impulsive phase of a flare has long been considered a POtERY bard th&olar Maximum MissiotSMM), Harrison (1985)

tial clue to an understanding of the ph)_/sical conditjons i,n trg?]d Tappin (1991) found soft X-ray (SXR), emission preceding
solar atmosp_here that lead to an ‘erupt|on. ,Bumbar&lw_y the majority of flares, but spatial information to relate this pre-
(1959), wh.o mtrpduceq the term preﬂargs , were the first Bare activity to the site of the main energy release was missing
address this topic. Reymws (_)f early studies for such flare PEST most analysed events. UsighkoliSoft X-ray Telescope
cursors can be found in Martin et al. (1980) and Van Hoven XT) images, Farnik et al. (1998) addressed the spatial rela-
Hurford (_1984)1 , tions between the preflare activity and flares, finding the flaring
. Tre_mmentbnghtemngs atthe ons_et of solar fIar_es haye bef8_5'ps brightening tens of minutes before the impulsive flare
identified across tr,'e electromagnetic spectrum: in radio ('ﬁ?ﬁase in 25% of their events. Several authors have shown ev-
et al. 1983; Farnik et al. 2002),9H(&9. Contarino et al. idence of hard X-ray (HXR) nonthermal emission prior to the
2003), UV and EUV (e.g. @ emission - Cheng et al. 198540 impuisive phase (e.g. Farnik et al. 2002; Holman et al.

1600 A continuum emission - Warren & Warshall 2001). ABy3. Acai et al. 2006; Chifor etal. 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 matie best spatial and temporal resolution data are provided by the
netic origin and have three manifestations: flare, filament erufransition Region and Coronal ExploréFRACH in EUV and
tion, and coronal mass ejection (CME), with all three in clogbe Reuven Ramaty High Energy Solar Spectroscopic Imager
association (e.g. Shibata 1999; Priest & Forbes 2002; SvefR&IESS) in X-rays.

2001). The pre-eruption conditions are important not only for Recently, Chifor et al. (2006) made use BRACEand

the initiation of flares, but also for all accompanying erulRHESSIdata to analyse the early phases of a filament erup-
tive phenomena. Understanding the pre-eruption conditioii@n observed at the solar limb. The eruption was seen in the
could shed new light on one of the most important puzzle 8UV 171 A filters of bothSOHQEIT and TRACE with com-
space weather which is understanding why flares, filamemementary X-ray data frolRHESSIand microwave images
and CMEs erupt. from the Nobeyama Radioheliograph (NoRH). The filament

Early evidence of discrete SXR precursors approximatedgtivation was first observed beneath one anchored footpoint
15-30 minutes before the linearly extrapolated time of the ashere a localised preflare X-ray brightening was reported to
sociated CME onset was given by Harrison (1985, 1986). The temporally and spatially correlated with the onset of the
precursor activity was found in close spatial relationship to tfikament slow-rise. It was concluded that localised reconnec-
area of the CME origin. Dere et al. (1997a) were the first to réen events took place at one end of the filament, eventually
port on-disk observations of a CME onset using images takeestabilising the entire system, which entered a fast-rise phase.
by the Extreme-ultraviolet Imaging Telescope (EIT) aboard tiéowever, while this event provided ideal multiwavelength ob-
Solar and Heliospheric Observato($oHQO. From this analy- servations for the initiation and evolution of the eruption, there
sis, it was inferred that the CME is triggered in a small volumegas no information about the photospheric magnetic field con-
associated with an initial small EUV brightening at one end éifjuration since the filament was situated near the limb. Chifor
the erupting filament. et al. (2006) showed that both plasma heating and electron ac-

Itis generally believed that filaments consist of cool gas (otleration occurred at one footpoint of the erupting filament,
chromospheric temperature) supported in the corona by largenultaneous with the slow-rise onset. Based on both the lo-
scale curved and twisted magnetic flux tubes (e.g. Priest etation peneaththe filament) and timing of the preflare X-ray
1989). Filaments become useful in tracking the evolution of tlseurce, as well as the filament slow-rise and fast-rise phases
large-scale field system by following their eruption. Detailebeing consistent with the tether-cutting runaway reconnection
analyses of the geometry and evolution of flare-associated féaenario, they suggested that internal tether-cutting was a pos-
ment eruptions can provide a tool for investigating the erupti@ible eruption trigger. However, it isfiicult to validate this re-
destabilisation and relationships between the associated phét without a better understanding of the magnetic field topol-
nomena. The ‘fast-rise’ of filament acceleration and the impudgy.
sive flare phase are often preceded by a filament ‘slow-rise’ In this paper, we investigate the presence of preflare bright-
with little or no acceleration at 10 km s (e.g. Moore & enings and their potential for providing information about the
Sterling 2006; Chifor et al. 2006; Isobe & Tripathi 2006the physical mechanisms triggering the eruption. Models for
Isobe et al. 2007). Several studies have found preflare activityg eruption mechanisms are described in Section 2. We anal-
such as small X-ray and EUV brightenings at the onset of tlyse two on-disk filament eruptions which have the advantage
filament's slow-rise (e.g. Sterling & Moore 2005; Chifor et althat the geometry and evolution of the magnetic fields can be
2006). determined from magnetograms. X-ray spectral and imaging

To date there are several ideas for the initiation of sdata fromRHESSIare combined with images fromMRACE
lar eruptions; see e.g. Moore & Sterling (2006) for a rece@®5 A, while the photospheric magnetic field is observed in
review. These include internal tether-cutting (see e.g. Moameagnetograms taken by the Michelson Doppler Imager (MDI)
& Roumeliotis 1992), external tether-cutting or ‘breakoutinstrument onSoHO (the diterent instruments are described
(Antiochos 1998; Antiochos et al. 1999), or the flux cancela Section 3). Additionally, we sample six active region fila-
tion model originally proposed by van Ballegooijen & Martenment eruptions which have been reported in the literature but
(1989) and further investigated by Linker et al. (2003). Othé&iave not been investigated in the context of the X-ray preflare
models of filament eruptions include the kink instability of themission (the analysis of all 8 events is given in Section 4). We
filament flux rope (Fan 2005; Rust & LaBonte 2005; ToréKocus on the preflare activity of these events and summarise
& Kliem 2005). These models can be distinguished from eachir results in Section 5. The spatial and temporal relation-
other mainly during the eruption initiation; they all tend to loolships between the preflare brightenings and the motion of the
the same during the eruption impulsive phase. Conclusive spadpting filament (and the magnetic field topology, for on-disk
tial and temporal relations between of the preflare activity amgtents) provide valuable clues about the eruption mechanisms.
the magnetic topology of the erupting system could provide Section 6 we discuss the implications of these signatures for
critical observational evidence for the triggers predicted by tieeuption models.
different models. Section 2 outlines the models which we have
examined in this study and the essential observalflerdnces. :

Although the preflare activity has been studied extensively Eruption models
in the past, most of the analyses remained inconclusive, maiflyour analysis we considered three basic eruption models
due to a lack of high-resolution data, both spatial and tempovathich have been recently discussed by Moore & Sterling
(see Moore & Sterling 2006, for a recent review). At preser(@006): 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-
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the precursor and main phase emissions (ob-
served respectively as preflare brightenings
and flare brightenings during the impulsive
phase of the eruption) are indicated.
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ideal MHD (e.g. kink) instability. Each of the three proposedt. There isRHESSIcoverage for the preflare phases of the
triggers can be described for the case when the erupting fila- accompanying flare, starting at least 5 minutes before the
ment sustained by a sheared core field is in the central lobe of impulsive phase onset.

a quadrupolar magnetic field configuration. Moore & Sterling

(2006) sketch the eruption initiation in each of the three cases in A further six events (indexed 3 to 8 of Table 1) were se-
a sequence of cartoons which is reproduced in Fig. 1. It is notégted from observations of filament eruptions reported in the
that the internal tether-cutting reconnection and ideal MHD ifiterature. The criteria for selecting these additional events were
stability can also occur in the case when the sheared field is &ifeabove, except for the second (limb events were also in-
core of an isolated bipole, but external tether-cutting (breakogtyded) and fourth (there RHESSkoverage only after launch
reconnection can strictly occur only in quadrupolar configuré February 2002) criteria.

tions. The TRACEinstrument (Handy et al. 1999) consists of a

If reconnection takes place, it is expected to begin eithd® cm aperture Cassegrain telescope observing the solar corona
below the erupting filament, producing brightenings in thia three coronal EUV wavelengths (Begx, 171 A; Fexn/ xxiv,
sheared core field, or at the magnetic null point above the erup®5 A; Fexv, 284 A), as well as in iLyman- (1216 A), Civ
ing central lobe, producing remote brightenings. The termindl550 A), UV continuum (1600 A), and white light (5000 A).
ogy used by Moore & Sterling (2006) is ‘slow-runaway relts unprecedented high-spatial resolution (of approximate)y 1
connection’ for reconnection during the slow-rise phase aafid cadence (as low as 20 s) render this instrument suitable for
‘explosive reconnection’ for reconnection during the fast-riggbserving eruptive events in detail. f&eand Fex lines domi-
phase of the eruption. nate the emission in the 171PRACHfilter while Fexu usually

We compare our observed ear|y eruption activity with tHéominates the emission in the 195 A filter, making these pass-
signatures predicted by these models as suggested by Fig. Pands sensitive to temperatures of 1-2 MK. However, Phillips
particular, internal-tether cutting requires brightenings low @t al. (2005) have shown that the 171 A filter also has a high-
the core field, i.e. close to the PIL, during the slow-rise phatgmperature responseX0-20 MK) due to the continuum and
onset. External tether-cutting predicts brightenings before thexx contributions. During solar flares it has also been found
onset of the filament eruption, far from the core field. An ide#itat theTRACE195 A channel can contain somes&av emis-
MHD trigger would show by an erupting filament entering thgion (e.g. Phillips et al. 2005; Tripathi et al. 2006b) so that
fast-rise phase immediately, with no precursor or brightenifiggh-temperature features10-20 MK) present irRHESSIX-
anywhere in the eruptive region prior to the main phase. ~ ray images are also detectable in TRACEEUV channels.

We processed the raWVRACEdata 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 fraRACE
with images fromRHESSIand MDI. This is not a straightfor-
ward task because thERACEabsolute pointing is uncertain
g]t up to the 40 level. All analysedTRACEimages, therefore,
required a pointing correction, cross-checked fedént times
during the events. Full-disk EUV images taken BgHOQEIT
1. The event is an active region filament eruption accomg&elaboudiniere et al. 1995) proved useful for feature co-

nied by a flare. alignment in a similar wavelength band, using the methods de-
2. The event is on-disk (longitude within the rang@s). scribed in Gallagher et al. (2002). Alternatively, when EIT im-

3. There iSTRACEcoverage throughout the filament eruption2ges were missing, we co-aligned simultanedBACE1600
images withSoHQMDI images, and then used the resulting

shift values to correct simultaneoT®RACEEUV images. In

3. Observations

We have scanned the online collectionT® ACEmovies and
selected two on-disk filament eruptions withffszient cover-
age of the early eruption phases from b6BRACEandRHESSI
(events 1 and 2 listed in Table 1). The sampling criteria f
these events may be summarised as follows:

1 At httpy/trace.Imsal.cofPODyTRACEpod.html.



C. Chifor et al.: X-ray precursors to flares and filament eruptions

Table 1.Characteristics of the sampled events.

No. Date GOES Heliogr. Preflare GOES GOES Slow-rise  Fast-rise  HXR Non- Pre- ¢ DistDist.’ CME
class  location X-ray peak(s) impulsive flare peak ohset onset peak thermal flare from from velodity
At(min) onset (UT) At°(min)  At’(min)  At’(min) raté locatiorff  PIL  main flare
1 2005 Sept. 13 X15 15S15E -50, -14 19:19 +8 +5 53 v above? 0 20 1866
on-disk
2 2005 July 30 C9.4 1INB5IE -16, -3 05:03 +16 0 11 beneath 5 0 1968
on-disk

3 2005 July 27 M3.7 09N 89E -37,-22 04:32 +29 -34 0 45 v beneath 50 1787
Chifor et al. (2006) limb

4 2004 Nov. 10 X2.5 08N 49W -12,-2 01:59 +14 +4 171 v beneath 10 30 3387
Williams et al. (2005) on-disk

5 2002 May 27 M2.0 10N 87W -4 18:01 +9 0 +2 25 v above 40
Jietal. (2003) limb
Alexander et al. (2006)

6 2002 Apr. 16 M2.5 27N 80W -3 13:01 +24 -7 +3 86 v above 20 166
Sui etal. (2004) limb
Goff et al. (2005)

7 2000 Nov. 24 X1.8 21N 15W -9 21:43 +16 -12 0 NA v beneath 5 40 1005
Moon et al. (2004) on-disk

8 1998 July 11 Cl1.7 32S568W -8 04:31 +10 -9 0 NA beneath 10 20
Sterling & Moore (2005) limb

2 Note that while the onset time for the fast-rise of the filament was obvious in all events, the slow-rise only became obvious at the indicated tim@sttimgidtinguish from the filament
‘agitation’ often noticed at the start of observations.

b Time differencest in minutes with respect to th@OESflare impulsive onset.

¢ The peak count rate of the preflare X-ray brightenings in the 12-25 keV energy band as deteRt¢BBSlin counts st per detector. Except for event 4, when the thin attenuator in place
(‘A1 state), RHESSlobserved in the ‘A0’ attenuator state during the preflare brightening®HBSSlobservations were taken during events 7 and 8 (which occurred prior the launch).

d X-ray preflare brightening location with respect to the filament (above or beneath).

€ Distance (in arcseconds) between the centroid of the first observed X-ray preflare brightening and the PIL (measured for on-disk events).
f Approximate distance (in arcseconds) between the centroid of the first observed X-ray preflare brightening and the main flare site.
9 Linear speeds (knT3) of the associated CMEs from the LASCO CME catalogue.
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Fig.2. GOES0.5-4 A (thin curve) and 1-
8 A (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
COES averaged oveRHESSHUetectors 1,3,4,5,6,8,
and 9. The periods during whicRHESSI
;08 —4A C3.1  entered the SAA (18:51 - 19:09 UT) and
; B7.0 then night-time (19:21 - 19:52 UT) are
: _ marked by light grey areas, and thRACE
: 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. WheRHESSI
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 A at 18:29 and 19:05 UT.
Several times at whiccRHESSI images
shown in Fig. 4 were obtained (19:10,
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Fig. 3. Left panel: He 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 fig
Only the eastern arm was observed to erupt. The first SXR preflare brightenings (6-12 keV, red contours) were obBa#ESRSiglose to

the centre of the S-shape betweet8:25 UT and 18:51 UTMiddle panel:The S-shaped filament seen as an absorption featuFRACE

195 A. Only the eastern (erupting) arm is visible in EUV images. SimultanB&{ESSIpreflare brightening contours are also overlaid. This
image forms part of videoRight panel:MDI magnetogram taken prior to eruption at 18:33 UT with simultandd&SSipreflare 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 t
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 complementERACEobservations with high-energy emission from 3 keV to 17 MeV. We obtained X-

blue wing Hx (-0.6A) images of the filament eruption obtaineday images using the CLEAN (Hurford et al. 2002) algorithm

at the Big Bear Solar Observatory (BBSO), with fixel size available in the standa®HESSkoftware, using data from de-

and 1 minute cadence. tectors 1-9 with natural weighting and ‘local average’ enabled.
We made use of X-ray light-curves from tostationary

Operational Environmental Satellitd SOES. These monitor

the spatially-integrated solar emission in two broadband SXR

filters (0.5-4 and 1-8 A). Spatial information about the X-

ray preflare brightenings and flare evolution was provided by For the sampled on-disk events, we obtained line-of-

RHESSI(after its launch in February 200FRHESSIconsists sight photospheric magnetic field observations taken with the

of rotation modulation collimators situated in front of a specSoHQMDI instrument (Scherrer et al. 1995). MDI measures

trometer with nine high-resolution germanium detectors (Lin #ie line-of-sight, i.e. the longitudinal component of the mag-

al. 2002). Providing a spatial resolution as low~& and X- netic field with a resolution of’2from the Zeeman splitting of

ray spectral resolution of 1 keV, RHESSIs sensitive to solar the Nir (6768 A) line.
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Fig. 4. Evolution of the filament eruption on 2005 Sept. 13 (event 1 of Tablddy).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. TherERAG&Edata available between 19:07-
19:22 UT because the instrument crosses the S2gitom 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 filamen
in the direction indicated by the yellow arronRHESSI6-12 keV (red) and 30-40 keV (blue) X-ray emission during the main energy release
phase (flare impulsive phase) is overlayed on the image take20a®3 UT (right panel). AITRACEmaps form part of videol.

4. Data analysis and results EUV images. Since no EIT data were available at the time

In the next two subsections we present the two events a of the eruption, we obtained tHERACE pointing correction

ysed here in detail (events 1 and 2 of Table 1), followed Wélues by co-aligning images taken MRACE at 1600 A

e - ) . th simultaneous MDI magnetogramRHESSIpreflare im-
descriptions of the 6 revisited filament eruptions (events 3 toa es were obtained in the 6-12 keV band betwet&:25 UT

of Table 1). and 18:51 UT, when the spacecraft entered the South Atlantic
Anomaly (SAA). These images show preflare brightenings sit-
4.1. 2005 September 13 (Event 1: on-disk) 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
The fllgment eruption on 2005 September 13 ocpurred Lre the coordinates measured from the centre of the visible
the heliographic location 155 15E and was assoua_ted tg'lar disk with an estimated uncertainty£3”. MDI magne-
g %OES X1|'5 clasCstIIEare peacliklng a; 1bg '275(::_-:- (LF'g' 2)togram with overlaiRHESSIcontours revealed these preflare
Au isequzntsy, at i wgs etecteh L),/ASI‘; Q arge(zj brightenings on the PIL surrounding an island of negative po-
28_908 S_? , hpec romctle rf|0186%rino]gap d( (Z(ChB IE_IX)SUSO larity in the middle of the active region (Fig. 3, right panel).

’ with a spee 0 msaccording tothe This loop component of the PIL has its eastern end connected
CME catalogué. A stationary on-disk filament was observed a&) the PIL traced by the eastern arm of the filament
15:51 UT in Hr as a dark S-shape (Fig. 3, top panel), approxi- The beginning of the activity is marked by two weak
mately 3 hours prior to its eruption afl9:24 UT. Other studies 9 9 ty y ’

of this filament eruption have been carried out independenﬂ. tinct, 1e'r12hanc_:remeantls _i; th?l_ S hiE.::hES"?(ht'clu rYze N (_l:l)_e— d
by Nagashima et al. (2007) and Wang et al. (2007). tween~18:25 UT and 19:20 UT) which peak at 18:29 UT an

We observed the activation of the filament mainly i 9:05 UT, at the B7 and C3 levels, respectively (Fig. 2). The

TRACEimages taken in the 195 A passband (Fig. 3, midd stabilisation of the system became apparent at the time of

panel). Only the eastern arm of the filament appeared darkt_i X—rgy preflare em!ssion pegk (19:05 UT), when the en-
tire region strongly brightened in thERACEEUV images.

2 httpy/cdaw.gsfc.nasa.gov 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 10°F
RHESSIX-ray images and the BBSO Himages. We over- .
layed 6-12 keV and 12-25 keV contours on co-temporal MDI 104
magnetograms in Fig. 4, top row. i
We analysed the X-ray spectrum of the preflare brighten-
ing observed wittRHESSIby 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 emissiphQ( keV)
was modeled as a nonthermal component with a power-law dis- Energy (keV)
tribution I(E)=<E~", wherey represents the power-law index of
the photon flux spectrum. The power-law distribution breakdd. 5. RHESSIspectrum (dashed curve, with error bars) of the pre-
to I(E)xE~® at energies<10.5 keV. An example of RHESSI flare brightenings accumulated for 80 s around 19:11 UT on 2005

spectrum at 19:11 UT fitted to the sum of these three Comp%e-pt' 13 (event 1 of Table 1). The thermal continuum was modeled

nents is given in Fid. 5. The fitting suagests that. at ener Iv\n%h one isothermal component (dotted curve) using CHIANTI v.5.2.
9 9. . g sugg ! 9%Re Gaussian function was added to fit the Fe line feature observed

above~10 keV, the nonthermal contribution dominated OveJy RHESSI~6.7 keV (dashed-dot curve). The high-energy tail of the
the thermal component. spectrum was fitted with a power-law component E(dashed dot-

The X-ray brightenings observed in the 6-12 keV and 1got-dot) breaking to E-° at energies below 10.5 keV. The sum of all
25 keVRHESSImages traveled rapidly (with a velocity of ap-three spectral components (best-fit model) is represented by the con-
proximately 156 km 3') from west to east (right to left) along tinuous curve. The fitting range was 5-25 keV.
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 dfficult to determine with certainty due to projection m
effects. It is possible that this motion is tracking the propaga-
tion of magnetic reconnection along the PIL, in agreement with /‘ /\Separaﬂon
the 3D propagation of magnetic reconnection during asymmet- Propagation
ric filament eruptions .d'scussed by G“Q'S & Benz (2005.)' Fig. 6.3D schematic diagram of an asymmetric filament eruption such

We note that possibly because the filament was on-disk, Wethe erupting filament on 2005 Sept. 13 (event 1 of Table 1). The di-
were not able to observe a slow-rise of the filament pl’iOf to i|t§ction of EUV brightening propagation along and separation away
fast-rise commencing at19:24 UT. At this time, the filament from the PIL is marked by arrows. This figure was adapted from
(observed in BBSO W andTRACEEUYV images) was seen to Tripathi et al. (2006a).
rise at a speed100 km s?, well above the slow-rise speed
of <10 km s generally reported at the beginning of filament
eruptions. The eastern half of the filament erupted asymme
cally from west to east (right to left) as shown in tRRACE

13-Sept-2005 19:11 UT ]

photons s™' cm™? keV™'

Hi-ig. 6). The site of the main energy release was observed close

images of Fig. 4, right column. The site of the initially anto (within ~20” of) the initial preflare location (Fig. 4, bottom

chored footpoint (FP) that was first observed to rise is indicatganel)'

in Fig. 4, right column, top panel, at the approximate location x 10 determine the topology of the magnetic field in the
— -120" and y= -350". The rising footpoint at19:24 UT ap- erupting region, we investigated a sequence of MDI images be-

peared co-spatial with the X-ray preflare brightenings obsen/Qjé: during, and after the event. We detect a small parasitic

with RHESSIat 19:21 UT, just before the instrument entereROSitive polarity emerging in the strong negative-flux region,
night-time. at a location close to the site of the SXR preflare brightenings
Only the eastern arm of the S-shaped filament was obser{E{$: 7)- A faint parasitic polarity could be noticed as early as

to erupt. During its eruption, EUV brightenings propagated i419 hours (at QQ:OB UT).priorto th_e filgment eruption. The.srnall
the direction of motion along the PIL under the eastern sipatch of positive polarity was still faint at 19:22 UT, attaining

ament arm, separating at the same time away from the P r_naximum in the next available image at 19:26 UT (close to
’ he flare peak), and then decayed until it disappeared at about

This simultaneous propagation along and away from the Pi 4 ; .
: : ; . : . ¢20:40 UT. The observed emerging flux may provide a potential
f t- tion bright EUV d tric fil2 - .
Of post-eruption brigntenings in urnng asymmetric n se for the eruption (Subramanian & Dere 2001).

ament eruptions has been studied by Tripathi et al. (200(%25u
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MDI Bios 19:26 UT

15-Sep—2005
-~ ; -

the location of the preflare X-ray brightenings corresponded to
"I

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 th& RACEobservations approximately
00 _ 2 hours prior to the eruption fast-rise phase. These observations
-300 -200 ~100 0 100 are suggestive of an internal tether-cutting mechanism driving
% {aresec) the eruption of the southern filament.

Around 05:55 UT this eruption reached the middle of the
Fig. 7. MDI magnetogram taken before close to the peak of the 206ifament channel. Simultaneously, the northern part of the fila-
Sept. 13 flare (event 1 of Table 1). The small patch of positivpent entered its fast-rise phase, starting from its anchored foot-
magnetic flux which becomes prominent close to the flare peakg¥int in the middle of the S-shape. The northern filament erup-
19:26 UT. This magnetogram forms part of video2. tion was accompanied by the second (more intense) flare.

During the southern filament eruption between 05:03-
4.2. 2005 July 30 (Event 2: on-disk) 05:55 UT, we observed the propagation of post-eruption EUV

h f | isted of a d brightenings as expected from the extension of ‘standard’ 2D
The .event 0 200.5 July 30 (11N 51E) consisted of a do are models to 3D (e.g. Tripathi et al. 2006a). However, the
ble filament eruption accompanied by a double-flare pe

. HESSHXR sources remained at the same locations. The site
ing at 05:19 UT GOESclass C9.4) and 06:34 UTGOES of the HXR (12-25 keV) emission is shown in Fig. 9, coinci-

class X1.3'), respec'tively (Fig. 8).' We fOCUS?d on the filge ¢ with the position of the preflare brightenings (at the ap-
ment eruption associated with the first flare, which commenc H)ximate coordinates x -750” and y= 120")

at 05:03 UT, and its associated preflare activity. Prior to its We note that while the HXR emissi b d |
eruption, an S-shaped filament was observed in absorption in ¢ note that while the emission was ovserved as rel-
TRACEEUV 171 A images (Fig. 9)TRACEobserved the on- atively short bursts, malnl_y QUrmg the flare impulsive phase
set and evolution of the filament eruption for approximately the flare, the EUV emission was present throughout the

hours between 03:00-09:00 UT. The pointingiset was ob- entire event, tracking the complete evolution of the eruption
tained by means o.f co-aiignmeﬁt WISOHOEIT 171 A im- past its impulsive phase. Therefore, studying the evolution of
ages an eruptive event requires multiwavelength observations which

We observed the northern part of the filament being ac 9mbine context EUV images_ throughout the entire event with
vated as early as 03:01 UT, with transient EUV brightenin gh-cadence X-ray observations.

accompanied by slow motion that resulted in a net upward dis-

placement. The EUV brightenings have corresponding smals 2005 July 27 (Event 3: limb)

enhancements in theOESand RHESSIX-ray light-curves.

In particular, we noticed two small X-ray bursts in the higheA spectacular filament eruption occurred over the eastern so-
energy (0.5-4 A)GOESlight-curves at 04:54 and 05:00 UTlar limb (09N 89E) on 2005 July 27 (Fig. A.1). This event has
(Fig.8), just before the filament eruption at 05:03 BRHESSI been described in detail by Chifor et al. (2006), usiiRACE
light-curves show an energy burst in the 3-12 keV light-curvdg1 A images andRHESSIX-ray images complemented by

at 05:02 UT, and an impulsive spike in the 12-25 keV lightnicrowave observations frolloRH The prominence erupted
curves occurring at 05:04 UT. We were not able to detect asych that its southern connected end started to slow-rise no-
nonthermal HXR emission prior to the flare impulsive flare orticeably in correlation with the appearance a discrete, localised
set at 05:03 UT. At 05:01 UT, the preflare brightenings in EUX-ray preflare brightenings, peaking @03:54 UT. The pre-
appeared to travel between the two end footpoints of the f&re brightening source was situated close~8Q" south of
shaped filament. We obtain®@HESSISXR images (6-12 keV) the visible barb) and below the erupting footpoint. (Fig. A.1,
after 05:01 UT. These preflare X-ray contours were found spaiddle panel). FrorRHESSIspectral analysis of the X-ray
tially coincident with the EUV brightenings which appearegreflare enhancement, Chifor et al. (2006) found evidence of
first at the footpoint of the northern filament part£x-850" thermal X-ray emission at15 MK, and nonthermal bremm-
and y= 120") at 05:02 UT, and then at the footpoint of thestrahlung emission at energies above 10 keV, suggesting lo-
southern filament part (x -750” and y= 120") at 05:03 UT, calised low magnetic reconnection beneath the filament. These
as shown in Fig. 9 (top row, left and middle panels). The evolobservations were suggestive of the eruption being triggered by
tion the photospheric magnetic field for this event suggests tiaternal-tether cutting reconnection. The site of the later main

—100 [

—200

Y (arcsec)
|
o
)
[s)

—400



C. Chifor et al.: X-ray precursors to flares and filament eruptions 9

LA T AL L B D
' S E : X1.3
*fhl :c:» 1 -84
L O "
i [ COES C9.4
= \_J o5 — 4 &
11
|1
y — [\ - B3.5
:E, I
z o RHESS| € >
5 . S ———
B o - 3
z | M 12-25 kev
4 ’ lHI- ‘\
RHESSI RHESSI o ﬁ/r
Night Night | i KA
o oA Nt ]
PN T T | | -Wh Il:hl

Qd:00 04:30 05:00 05:30 06:00 06:30 0700
Start Time (30-Jul-05 04:00:00)

Fig. 8. Left panel: GOES).5-4 A (thin curve) and 1-8 A (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 A) are inRid&88Icount 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 sca
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 RIEESSlight-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 ons€6a03 UT.Right panel: RHESSiount 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 o
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 offig A.2, bottom right panel) is observed along the PIL, within
filament eruption approximately BGhorth of the preflare loca- 30” of the preflare emission.

tion (Fig. A.1, bottom panel). Williams et al. (2005) found that an exponential function
fitted the height-time profile of the erupting filament, suggest-
o ing an MHD kink instability trigger. Williams et al. (2005)
4.4. 2004 November 10 (Event 4. on-disk) argue that the filament prior to the eruption was highly twisted,

The event on 2004 November 10 (08N 49W) has been hich would also point to the MHD kink instability as an erup-
ported previous|y by Williams et al. (2005), who observeﬂon driver. However, they also pointed out that the brightenings
a highly-localised preflare brightening TRACE1600 A im- intheTRACE1600 A channel and bipole emergence were sug-
ages at 01:52 UK 7 minutes prior to the flare onset (Fig. A.2)gestive of initial magnetic reconnection beneath the filament.
This brightening was Co-spatia] with the emergence of a sm-&hlis initial reconnection then triggered reconnection above the
magnetic bipole near the PIL. Additionally, we find a prefilamentas suggested by a quadrupolar topology and the bright-
flare X-ray enhancement YﬁOES"ght_Cur\/eS, with peaks at ening of UV ribbons, a scenario consistent with the internal
01:47 UT and 01:57 UT. We also observed corresponding dather-cutting model. Furthermore, the location and timing of
hancements in X-raRHESSlight-curves. We imaged the pre-the X-ray preflare brightening observed in our analysis (close
flare enhancement arour@®1:58 UT in theRHESSK-12 ke to the PIL, before the slow-rise of the filament) support the
wavelength band, and found the source situated near the PigW of internal tether-reconnection as an initial trigger.

(within 10”), close to the approximate location from which the

filament was first observed to rise (Fig. A.2, top right and bo}l-_5_ 2002 May 27 (Event 5: limb)

tom left panels).

We observed a fast-rise phase of the filament already onTitse event on 2002 May 27 at the western solar limb (10N 87W)
way by 02:03 UT, after the onset of the impulsive flare phassas associated with @OESM2.0 class flare (Fig. 13). This
There are naTRACEimages in the 1600 A available beforesvent has been reported as ‘failed’ by Ji et al. (2003) and, more
02:03 UT to distinguish the onset time of a potential initialecently, by Alexander et al. (2006). Indeed, the motion of the
slow-rise of the filament. The site of the main flare emissidilament seen iTRACEimages was observed to stef0 Mm
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Fig. 9. TRACE171 A images showing the 2005 July 30 filament eruption (event 2 of TabRHESSI6-12 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
TRACEiImage 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 slew-rise (Fig. 13), as well as a second coronal HXR source

tectable CME in the LASC{2 data. However, we observed avhich has been identified by Alexander et al. (2006) under the

cavity eruption in Mark-1V (MK4) images taken by the Maunapex of the filament during the fast-rise phase. Alexander et

Loa Solar Observatory (MLSO). al. (2006) have argued that this second source implies ongo-
Both studies report a HXR (12-25 keV) coronal sourcédg magnetic reconnection in a current sheet formed via a kink

above the filament (Fig. 13), starting around 18:01 UT, at tfiestability. These findings support the MHD simulations by

beginning of the filament's slow-rise. The slow-rise motion wasibson & Fan (2006a,b) and observables predicted by Tripathi

observed between 18:01-18:02 UT, followed by a fast expagi-al. (2007). As with the eruption on 2004 November 10 (event

sion with a distinctive untwisting motion. 4 of Table 1), we agree with the possibility that the filament
In our analysis of this event, we observed the preflare emfgay have been driven by a kink instability during its eruption

sion detected WittRHESSIin the 12-25 keV energy band,after the slow-rise onset. However, the first HXR source sug-

prior to the impulsive phase onset, between 17:52-18:00 LBEStS tether-cutting reconnection (external in this case) as the

RHESSIlimages of the preflare X-ray brightening betweeifitial release mechanism.

17:54-17:57 UT revealed the presence of a 12-25 keV source

on the opposite (eastern) hemisphere of the Sun £at860’ : i

and y= 250"). This second source must contribute to the prél—' 6. 2002 April 16 (Event 6: limb)

flare emission detected KYOES Therefore, in this case, weThe filament eruption on 2002 April 16 occurred on the western

are not able to establish a correlation between the preflareséiar limb (27N 80W), in association withGOESM2.5 flare

ray brightening seen in the spatially integrated X-ray lighpeaking at 13:18 UT, and a CME detected by LASC®at ap-

curves and the filament eruption. proximately 13:50 UT. The event has been previously analysed
We confirm the first HXR source observed above the erufity Sui et al. (2004) and Gbet al. (2005). TheGOESand

ing footpoint of the filament at the beginning of the filamerRHESSIlight-curves for this event show a conspicuous pre-



C. Chifor et al.: X-ray precursors to flares and filament eruptions 11

MDI Bs 29—Jul=2005 23:59 UT MDI By 30—Jul=2005 04:47 UT MDI By 30—Jul—=2005 22:23 UT

250

50

¥ L - = i l. = s 10 a
-950 -900 -850 -800 -750 -700-950 -900 -850 -800 -750 -700-950 -900 -850 -800 -750 -700
X (arcsec) X (arcsec) X (arcsec)

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 1RHESSI6-12 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 |gfieflare activity was reported close to the PIL (we estimate
(Fig. 14). The preflare X-ray brightening also manifested iwithin 5 distance). Moon et al. (2004) suggest that flux vari-
self as an EUV enhancement TRACE195 A images, when ations of these CMFs are an indication of the flux cancelation
the end of a loop arcade system started to brighten (arouraling been driven by the emergence of the new flux. It was
12:55 UT). We imaged the preflare 12-25 keV X-ray sourceoted that the filament slow-rise onset at 21:31 UT coincided
at 12:58 UT, and confirm the presence of a nonthermal coromath the preflare UV brightenings and CMFs. We found that
source previously reported by &et al. (2005). The preflare a small X-ray enhancement which peaked at 21:34 UT in the
source is observed above the filament, suggesting an exter@DESX-ray light-curves is coincident with this preflare activ-
tether cutting eruption mechanism. Sui et al. (2004) imagéyg. We also note that the d&dbrightenings reported by Moon et
the event only after 13:03 UT, approximately 2 minutes aftaf. (2004) provide evidence for nonthermal preflare emission.
the impulsive phase onset, thus omitting the preflare phase.We observed the preflare UV brightenings were located within
Sui et al. (2004) noticed a decrease in altitude of the cor$d” from the main energy emission site, which is marked in the
nal source emission after the flare onset (from 13:06 UT oRLT 195 A image taken at21:47 UT in Fig. A.5, bottom right
ward). Additionally, we discern a dip o7 Mm in the al- panel. These observations are suggestive of an internal tether-
titude of this coronal source (10-15 keV, Fig. 5 in fGet cutting eruption mechanism for which the emerging flux may
al. 2005), earlier in the height-time profile, between approRe a trigger.
imately 12:58 UT and 13:01 UT. A downward motion of the
coronal source, not predicted by current flare models, has be

identified in several flares (e.g Sui et al. 2004; Veronig et effeg 1998 July 11 (Event 8: limb)

2005; Holman et al. 2005) previously imaged WRIHESS!  The erupting filament on 1998 July 11 (Fig. A.6) occurred close
This motlon was observed during the early flare phases, pefggqhe western solar limb (32S 68W) and was accompanied by
then changing to the commonly observed upward expansior,at 7 class flare. The filament eruption looks ‘symmetric’ ac-
the flare loop system. cording to the definition of (Tripathi et al. 2006a), rising up
We observed the preflare X-ray source above the filamgmm the centre, with one initially anchored footpoint in the
channel located close (within 2pfrom the main energy emis- middle of the filament channel. This event has been analysed in
sion site indicated bRHESSIL2-25 keV contours taken duringdetail by Sterling & Moore (2005), who reported brightenings
the flare impulsive phase at 13:12 UT (Fig. 14, bottom panelijn TRACE195 A 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-
4.7. 2000 November 24 (Event 7: on-disk) ous from this time, an ‘agitation’ (activation) was present ear-

The filament eruption on 2000 November 24 (21N 15W) haier, when their observations started at 04:10 UT. We observe
been studied by Moon et al. (2004), who reported sevefBe preflare brightenings under the filament's initially anchored
transient brightenings in &dand, more noticeably iTRACE footpoint as indicated in Fig. A.6 (bottom panel).

1600 A images before the X1.8 flare peaking at 21:59 UT. The We observe a preflare X-ray brightening in G©®ESO0.5-

UV preflare brightenings (Fig. A.5, bottom left panel) occurred A channel peaking at 04:23 URHESSIdata are not avail-
near one footpoint of the erupting filament and were also assie at the time of this event, but the SXR brightenings were
ciated with canceling magnetic features (CMFs) observeddbserved by Sterling & Moore (2005) iMohkoiSXT im-

the MDI magnetograms (Fig. A.5, top right panel). The U\ges at the same time and location as the EUV brightenings.
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Nonthermal HXR emission fronYohkoHXT was first de- celing (events 2 and 7) magnetic flux. However, the cancel-
tected at 04:32 UT, after the start of the impulsive phase and ing flux may have been driven by emerging flux.

fast-rise phase of the filament. The preflare as well as the latr Along with thermal sources that produced SXR and EUV
main flare emission were observed within a small region of ap- emission, nonthermal HXR precursor emission was de-
proximately 20 marked in Fig. A.6, bottom panel. tected in five (1,3,4,5,6 of Table 1) out of the six events

Sterling & Moore (2005) showed rotated Kitt Peak mag- observed wittRHESSI
netograms taken from 1998 July 9 with overlaygRACEand 7. In each of the 8 events, the fast-rise phase of the filament
SXT images. Upon inspecting these images, we found the loca- eruption started either at the same time as the onset of the
tion of the preflare brightenings close to the PIL (withiri’LO impulsive rise of the main flare or up to 5 minutes later.
Newly emerged flux near the location of the initial brighten-
ings was also reported by Sterling & Moore (2005) about@_ Discussion and conclusions
days prior to the event.

Sterling & Moore (2005) concluded that their observatiorfdbserved in multiwavelength, high-temporal and spatial reso-
were consistent with an internal tether-cutting model, in whidHtion data, the precursor activity can provide insights into the
the emerging flux was a Cata|yst of the eruption onset. We n@_@SSible trigger of the filament el’uption and associated flare.
that although there was no available coronographic data for thide X-ray precursors were observed in the form of weak but
event, we can say that this filament eruption was most probaBgligcrete events (not merely a gradual pre-enhancement to the
associated with a CME, based on the formation of EUV pogdtain flare), similar to precursors of flare-associated CMEs ob-

eruption arcades, as studied by e.g. Tripathi et al. (2004). 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
5. Summary of results suggested that such flare precursors may accompany the launch
of the associated CME. These appear similar to the X-ray pre-
We have studied the spatial and temporal relationships betweggsor brightenings associated with the filament eruptions dis-
X-ray preflare brightenings and filament eruptions. The resufi§ssed in our paper.
derived from the analysis of the 8 sampled events are sum- ysing the linear extrapolation method, it has been found
marised below: that the onset time of a CME coincided with a flare precursor
(a small flare) tens of minutes before the main flare (Harrison
1. In at least seven out of eight events we found the smaB85; Simnett & Harrison 1985; Harrison 1986). However,
preflare X-ray bursts spatially and temporally correlated this extrapolation method is uncertain since it assumes that the
the filament eruption. Therefore, we refer to these prefla@ME has a constant speed from its launch site at the solar sur-
brightenings agprecursorsto the flare and filament erup-face through the altitude of the coronograph observations. A
tion. In a double event (on 2005 July 30, event 2 of Tablaore reliable analysis was performed by Zhang et al. (2001),
1), the first filament eruption and flare appeared as a pweho determined the initial evolution of the CME directly us-
cursor to the second, and more impulsive eruption. ing EIT and LASCQC1 images. This study also found that the
2. The precursors were observed between 2 and 50 minUB88E was initiated earlier than the onset of the main flare dur-
before the start of the filament fast-rise and flare impulhg a ‘preflare’ phase, a small enhancement in the X-ray flux
sive phase. They appear to be discrete, spatially localiss#iead of the flare impulsive phase. A more recent benchmark
instances of energy release, rather than a gradual enhaistedy for CME initiation proposed by Harrison & Bewsher
ment leading to the main energy release. (2007) found consistent results with the interpretation of Zhang
3. In five events (2,3,4,7, and 8 of Table 1), the X-ray precuet al. (2001). It is the preflare X-ray activity which was the
sors were first observed beneath the filament, close to fbeus in our paper. Our analysis of eight events provides evi-
initially anchored footpoint. In two events (1 and 6 of Tableence of the spatial and temporal correlation between the fila-
1) the precursors appeared as HXR coronal sources situatezht eruption onset and X-ray precursors.
above the filament. In one event (5 of Table 1) we could not For the first time, we have reported preflare HXR brighten-
establish a correlation between the X-ray precursor and tihgs traveling rapidly along a PIL, in the same direction as the
filament eruption. asymmetrically erupting filament, but on a separate nearby PIL
4. The filaments begin to rise from the location of the precufevent 1 of Table 1). This motion is observed prior to the main
sor. When the filament begins to rise from one observ@ldre which occurred on the same PIL, and started withihdfO
(initially anchored) footpoint (all events except for everthe first preflare X-ray brightenings some 15 minutes later. This
6), the precursor is located close to this footpoint. In ormequence of events is suggestive of the preflare brightenings be-
event (event 1) the HXR precursor traveled with a veloéag related to the trigger of the main energy release. The same
ity of 156 km s along a PIL, in the same direction as theorrelation may also be present in the case of a double flare and
filament eruption, but on a neighbouring PIL. filament eruption (event 2 of Table 1), when the smaller flare
5. Magnetic field observations (for events 1,2,4,7, and 8) rappeared to trigger the subsequent main energy release.
vealed that the precursors were located on or near the PIL Most detailed analyses of filament eruptions reported in the
(within 10”). Coinciding with the initial location of the pre- literature focus mainly on the X-ray emission after the filament
cursors, we observed emerging (events 1,4 and 8) and canption 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 orAs predicted by the internal tether-cutting models (Moore &
set and filament slow-rise. In this paper, we have revisited $doumeliotis 1992), this could be due to reconnection between
such events (and two new events), pointing out the observathle newly emerging flux at the PIL and the pre-existing flux.
signatures for the eruption trigger. The X-ray flare precursdBsised on observations (Feynman & Martin  1995; Wang &
and the pre-eruptive filament evolution also appear as pre-Ci8Eeeley 1999; Tripathi 2005) and MHD simulations (Chen
symptoms. By investigating the very early stages of flame&tShibata 2000; Lin et al. 2001), it has been found earlier
eruptions in the form of X-ray brightenings, we recognise thtbat magnetic reconnection between the emerging flux and the
potential of this pre-flare activity as a signature of CME initiggre-existing flux can lead to the CME eruption. From our ob-
tion. servations we found the new flux emerging at the same loca-
The precursor X-ray brightenings suggest that initially Idion as that of the precursor brightenings. However, the active
calised magnetic reconnection events are a common triggegions were highly complex, and it wagfitiult to distinguish
for both flare emission and filament eruption. Like Farnik &etween flux emergence and flux cancelation (which may have
al. (2002), we found that the precursors are located alobgen driven by the emerging flux). In either case, we believe
the PIL and they can display nonthermal emission. Our offvat, eventually, both flux emergence and flux cancelation have
servations of eruptions beneath the filament (five out of eighsimilar dfect, that is they both can result in magnetic recon-
events) appear consistent with the scenario involving reconnaection leading to loss of equilibrium.
tion between the emerging field and the sheared core magneticDuring the multiwavelength analysis carried out in our
field supporting the filament (internal tether-cutting). Howevework, we became aware of the advantages and disadvantages
at present, we cannot exclude an external tether-cutting é&ssociated with observations fromffdrent instruments. The
‘breakout’) scenario, when precursor HXR brightenings weemalysis of events located on-disk wateated by projection
clearly observed above the loop-top high in the corona (eveeftects which prevented us from making conclusive observa-
5 and 6). One filament eruption (event 4) suggested that tiens about the precursor location and the slow-rise motion of
ternal tether-cutting reconnection may be followed closely liiese filaments. However, by choosing filament eruptions lo-
external tether-cutting reconnection, with the magnetic tethexsted on-disk (e.g. events 1 and 2), we gained the advantage
being weakened first at low altitudes, and then later at greatétracking the geometry and evolution of the magnetic fields.
altitudes above the filament (Williams et al. 2005). Most early studies of preflares remained inconclusive due to
In all 8 analysed events, the fast-rise phase of the filaméatk of suitable observations. We useERACEobservations of
started either at the same time as the onset of the impuldiveited FOV, but which track the evolution of the erupting EUV
rise of the main flare in the GOES X-ray flux, or a few minfilaments with high-cadence and spatial resolution. The tempo-
utes later. This result indicates that the fast rise phase of thé evolution of X-rays during the events was obtained from
eruption was not triggered only or mainly by an ideal MHD inGOES These satellites have the advantage of continuous tem-
stability, or by loss of magnetostatic equilibrium, acting in thporal coverage; they detect the integrated emission, but lack
absence of significant tether-cutting reconnection. This timisgatial information about the precursors. Complementing these
result, together with the observed initial heating and nonthesservationsRHESSIX-ray images and spectra brought in-
mal emission during the X-ray precursors, indicate that tethaight into the spatial extent of the event precursors and their
cutting reconnection was occurring at or before the onset of thesociated emission mechanisms. There is no doubt that the
fast rise of the filament. While many erupting filamé¢fitsx- problem of finding the solar eruption trigger can only be solved
ropes appear to kink as they erupt (e.g. Rust & LaBonte 200&th the aid of suitable multiwavelength observations to con-
Torok & Kliem 2005), we are aware of no conclusive obsestrain theoretical models. The recently launched solar mis-
vational evidence that this eruption mechanism acts on its owsions, STEREOand Hinode and the futureSolar Dynamics
Initiation by an MHD instability without any field weakeningObservatoryfSDO), promise improved observations to provide
by reconnection could be proved by observations of stronfgither insight into the destabilisation trigger of solar eruptions.
field filament eruptions in which the impulsive phase is ob-
served prior to any sign of X-ray or EUV brightening in theé\cknowledgementsiVe thank the anonymous referee for useful
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Appendix A: Figures describing events 3 - 8 of
Table 1
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Fig. A.1. The X-ray flare and erupting filament evolution during event
3 of Table 1.Top panel: GOESluxes in the 1-8 A wavelength band
with overlayedRHESSIlight-curves. The y axis has a logarithmic
scale. Between 04:04 and 04:50 WRHESSIpassed through night-
time and SAA. The spikes observed in tRelESSllight-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 Widdle panel:The erupting
filament observed in thERACE171 A filter. The location of the X-ray
preflare brightening is marked BRHESSIimage 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 in3fé=Splot.

The filament footpoint (FP) indicated on the figure (by the arrow) is
first observed to slow-rise03:58, in near synchrony with the first pre-
flare X-ray brighteningBottom panel: TRACH71 A image of taken

at 04:54 UT, during the flare impulsive phaBHESSB-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 Tdble, left panel: GOE$ght-curves

in the 0.5-4 A wavelength band with overplottB$HESSllight-curves in the energy ranges of 3-12 keV, 12-25 keV, and 25-50 keV averaged
over RHESSIdetectors 1,3,4,5,6,8, and RHESSIlemerges from the SAA around 01:48 UT and observes the preflare and main flare peak
emissions with both the thin and thick attenuators in place (‘A3’ state). The y axis has a logarithmic scale. The preflare X-ray peak emission
times (01:47 UT and 01:57 UT) are indicatéiep, right panel: RHESS$-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 (withif). Bbttom, left panelimage taken prior to

the filament eruption at01:58 UT in theTRACE1600 A filter. Overlayed are the sarR&IESSI6-12 keV preflare contours. The approximate
location of the rising footpoint (FP) of the filament is also indicaiakttom, right panel: TRACEG00 A 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 Tablef panel: GOE3luxes in the 0.5-4 A wavelength band with
overlaidRHESSIight-curves in the energy ranges of 3-12 keV, 12-25 keV, averagedRiMESSidetectors 1,3,4,5,6,8, and 9. Until 18:03 UT,

when the thirRHESShttenuator 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 tT&RACE195 A 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 arroigottom panel: TRACH95 A image of the erupting filament, during the fast-rise phase. OveRIHESSI

12-25 keV contours obtained at approximately the same time (18:07 UT) show the site of the main energy release. The contours include th
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 TabEop. panel: GOESluxes in the 0.5-4 A wavelength band

with overlaidRHESSIlight-curves in the energy ranges of 3-12 keV, 12-25 keV, and 25-50 keV averageRid&SSidetectors 1,3,4,5,6,8,

and 9. NoORHESShttenuators 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 tHERACE195 A filter close to the time of the preflare brighteniRIHESSIimage 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: TRACH95 A image of the erupting filament, during the fast-rise phase. OveRHIBSSI12-25 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 Tabbp lleft panel: GOE3luxes in the

0.5-4 A wavelength band. The preflare peak emission time (21:34 UT) is indi&aé&dm left, panelThe erupting filament observed in the
TRACE1600 A 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 (MRHESSIX-ray data available for this evenfjop right, panel:The site of the UV preflare brightening is

also marked on an MDI magnetogram showing the photospheric magnetic field prior to erBptimm right, panelEIT 195 A 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 TablEop.panel: GOESluxes in the 0.5-4 A wavelength band.

The preflare emission peak time at 04:23 UT is indicakiddle panel:The erupting filament observed in tRiRACE195 A filter during the
slow-rise, with the EUV preflare brightening encircled RBIESSIdata available in this caseé@ottom panelThe erupting filament observed

in a TRACE195 A 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.



