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Abstract. Yohkohsoft X-ray image data prior to a filament acdistinct narrow cusped loops prior to the flare, while the second
tivation and eruption on 1992 May 7 reveal the presence ofype consists of diffuse cusped loop structures which appear to
bright, filamentary soft X-ray structure apparently lying lovlie above the brightest parts of the bright arcade during gradual
under an arcade of soft X-ray loops from which the eruptigzghase of the flare. Evidence is also presented which indicates
later originated. This filamentary soft X-ray feature was coefiat a nearby parasitic polarity emerging flux region may have
istent and partially co-spatial along the line-of-sight directioplayed a role in destabilizing the arcade region, causing the fila-
with a dark He | 1083 nm filamentary structure (which waent activation, eruption and flare. The changes in the magnetic
similar in appearance to andHark filament observed earlier).field extend beyond the flaring arcade to include the creation of
Prior to the start of the flare the apparently low-lying filamera transient coronal hole and a dark coronal channel near the
tary soft X-ray structure disappeared, but a bright linear featuascade.

was then seen just below several clearly visible overlying loops,

consistent with the filamentary soft X-ray feature having riseey words: Sun: corona — Sun: filaments — Sun: flares — Sun:
in altitude. At the same time thedddark filament became el- magnetic fields — Sun: X-rays, gamma rays

evated and overlapped well, along the line-of-sight direction,

with the elevated linear soft X-ray feature. Some of the overly-

ing loops brightened in soft X-rays at the time the Hata show

the Hx filament in an elevated position and rising, (before 1. Introduction

the Ho dark filament disappearance). The averlying soft x'r%(mong the interesting phenomena in the solar atmosphere are

loops also showed an increase in temperature and emissio 8£e where matter with chromospheric characteristics (e.g.,

the time of the filament activation. Eventually the elevated, f emperature, density, etc.) are suspended in the (low) corona.

amentary soft X-ray feature disappeared and several apparegb)éh features which often take the form of curtain-like or hedge-

cuspeoll sh_apted IO?';?. thre t?ﬁ A obf?(i(rved |fr|1 the vicinity. dW_'IErﬁ'IQe structures have long been observed in spectral lines in visi-
Several minutes of this ime the Sott X-ray flaré occurred. rE)‘T'e wavelengths used to observe the chromosphere, such as the

series O.NOhKOhSOﬁ X-ray images for this event-together Witn—m line (656.28 nm). In such lines these features appear in ab-
supporting data from ground-based observatories strongly SUgr

S X tion on the solar disk as dark ‘filaments’, while above the
gest that many features of the magnetic field changes assoc@agr limb they appear in emission as ‘prominences’ (Tandberg-
with the eruption of the filament were seen in soft X-rays. Mor

the observations indicate that the flament and overlyi1S5e1-1995)
over the observations Indicate that the fament and oVerlyINg g3 ments occur both inside and outside active regions and

arcade should be considered to be semi-independent StrUCt%r%Ssometimes observed to ‘disappear’. This disappearance may

. ) r
e e ot s e o oy 5ot () h atng o h ament materasin o o
of cusped Ioops’ in this event. The first. type consists of seve elratures outS|de"the range seen by, e.g., spectral Imgs in visible
' avelengths, or (i) an eruption where (at least a portion of) the
filament material may be ejected outward from the Sun. These
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** Now at: Helio Research, 5212 Maryland Ave., La Cresenta, CAment eruptions, are usually associated with one particular class
91214, USA of solar flares, the ‘arcade’ (or ‘two ribbon’) flares (Pallavicini




754 J.I. Khan et al.: A filament eruption observed in soft X-rays

et al.[1977), so-called, because after the filament eruptionraent activation and eruption, especially in the stages prior to
arcade of bright loops is seen in soft X-rays (e.g., Sheeleyagtd early in the flare.
al.[1975; Webb et al. 1976; Hanaoka efal. 1994; McAllister et In Sect[2 the basic observational findings fromdtata from
al.[1996b). Two or more bright patches are also often seenRaris-Meudon Observatory along with other ground-based data
Ha on either side of the longitudinal component of the (phot@re described. A detailed description of the changes in morphol-
spheric) magnetic polarity inversion line at the time of the flargy and brightness of soft X-ray features (and by inference in
(e.g., Smith & Ramsey _1967). Arcade (or two-ribbon) flarele magnetic field) as seen with tNehkohSXT is given in
are also associated with integrated (spatially unresolved) s®éct[3. This is followed by a brief comparison of the soft X-ray
X-ray emission of large peak intensity and long decay timefgatures seen with the SXT with the features seen in thénid
This type of soft X-ray event is often referred to as a longiges in Secfl4. In Sefld. 5, we propose a possible interpretation
duration (or long-decay) event (LDE) (e.g., Sheeley et al. 197&;this event based on the observations. The main conclusions
Kahler 1977). Filament eruptions and LDEs are also associated summarized in Se€l. 6.
with coronal mass ejections (e.g., Webb & Hundhausen|1987).
While there may be differences between eruptions of quiet re-
gion and active region filaments it could be argued that every
significant filament eruption is flare-associated. Even when pRecording to the listing produced by the Solar-Terrestrial
lar crown filaments (or filament channels not obviously loadgehysics Division of the National Geophysical Data Center
with filamentary material) erupt a brightened arcade is formg’GDC) of the National Oceanic and Atmospheric Adminis-
(e.g., McAllister et all 1996a) and this may be considered g&ation (NOAA), USA which is based on observations from ter-
one aspect of an arcade flare, albeit a weak flare in termsr@étrial instruments and from th@eostationary Operational
total soft X-ray flux. Furthermore, Hudson et al. (1994) havenvironmental Satellite (GOES), flare of Hy optical impor-
shown that even the most thermal-looking (i.e., slowly rising ilance 2F and X-ray class C3.4 occurred on 1992 May 7 with
spatially unresolved soft X-ray emission) long duration everggart, peak, and end times of about 06:23 UT, 07:15 UT, and
can produce large numbers of accelerated particles, and th@g@4 UT respectively. The flare was located at the approxi-
may be considered a signature of the primary energy releasemite heliocentric coordinates of S23E48.
aflare. There were also reports of Type Il and Type IV radio bursts
There have been many reports of the observations of #ssociated with the flare. These types of metric radio bursts are
eruption of filaments. Most of these, however, have been basdtkn associated with filament eruptions. Type Il bursts are gen-
solely on observations (of material with chromospheric proprally believed to be due to plasma emission produced by elec-
erties) in visible wavelengths, such as the lihe. While such trons excited by magnetohydrodynamic shock waves caused by
observations may provide some information on the structuseflare (Uchida 1974; Nelson & Melrose 1985). Kozuka et al.
and evolution of the magnetic field in the immediate vicinitf1995) examined the interplanetary consequences of this event
of the filament, generally speaking, the structure of the cororsald suggested that a shock, inferred from interplanetary scin-
magnetic field in the broader vicinity of the filament and on #lation of radio waves from a quasar, was related to the Type
larger scale, as well as its changes, are not well observedlllshock. According to the NGDC listing a bright surge on the
particular, while observations of filaments often show that thienb was also reported in association with this flare.
filament, seen in chromospheric lines, such asbtcomes ac- Ha images from various sites around the world indicate that
tivated, i.e., rises, before the flare (e.g., Rust 1976), the detaiteflament was located near the magnetic polarity inversion line
changes inthe soft X-ray features and the coronal magnetic figldere the eruptive event eventually occurred as the region ap-
during such times are not well known. Nonetheless, a numlpgrared from behind the east solar limb (i.e., well before the
of models for flare-associated filament eruptions have been pitare). Fig['Tadf shows relevant portions af ifiltergrams from
posed, along with a variety of topologies for the magnetic struaris-Meudon Observatory before, during and after the flare
tures associated with them (e.g., Priest 1989). Images from titreMay 7. Although it is not our intention to discuss in detail
Soft X-ray Telescope (SXT) (Tsuneta etlal. 1991) on board tttee changes seen indilwe briefly describe the main interest-
Yohkorsatellite (Ogawara et al. 1991) show the structure of tieg features. The H development of this event is discussed in
magnetic field in the corona, and from these it is now possitNéouradian et al. (1998).
to obtain a better understanding of the topological changes oc- The filament which eventually disappeared is indicated by
curring in the coronal magnetic field before, during and aftertiae arrow with the solid head in Fig. 1a. (All the figures consist-
filament eruption. ing of image data in this paper are portions of full-disk images
In this paper we present an analysis of observations of a flaa&d show the scale size of thirty SXT half-resolution pixels; 2.5
associated filament eruption which occurred on 1992 May &rc minutes. Moreover, solar north is always up and solar east is
Preliminary analysis was carried out by Khan et/al. {1994). The the left. All Ho images are positives, while all SXT images
present paper presents a detailed analysis of the observatamesnegatives.) In Figs. 1b—d we indicate parts of the filament
of this event, based mostly ofohkohSXT data with contex- which can be identified although we do not discuss the detailed
tual ground-based data. The analysis reveals interesting obsbanges. Fig. 1e shows thettivo-ribbon flare emission, while
vational features in the evolutionary development of this fildig. 1f shows faint emission in the former location of the ribbons

Ground-based andGOESobservations



J.I. Khan et al.: A filament eruption observed in soft X-rays 755

(a) 1992 May 6 06:38:10 UT Pl (b) 1992 May 7 05:50 UT (c) 1992 May 7 06:10 UT |
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“” e) 1992 May 7 07:42 UT f) 1992 May 7 10:59:23 UT

=
n ) 1A

Fig. 1a—f.Portions of full-disk H filtergrams from Paris-Meudon Observatory. The arrow with the solid heauhiticates the I dark filament
which eventually erupted. Parts of thexidark filament are indicated and labelediird. These images show thenHine center intensity and
are displayed on a linear scale.

10 mT (100 G). The images are shown in alinear color table and
the scaling is consistent such that the relative differences can be
compared between the images. The emergence of magnetic flux
(indicated by the white arrow) away from the magnetic polarity
inversion line (indicated by the thick black line) about a day
(1992 Moy 5 . before the May 7 flare, can be clearly seen in Fig. 2b. Examin-
Lb:44- 1815 UT 15:44--16:39 UT 4:32::18:37 UT ing the untruncated data, this small emerging flux region had a

Fig. 2a—c.Portions of full-disk magnetograms from NSO showing thgignificant line-of-sight po_siti\{e polari'ty ma_gnetic flux compo—
line-of-sight photospheric magnetic field. The magnetic field valufent '(”20_35 mT) emerging in a region with mostly negative
are truncated above 10 mT and belew0 mT and are displayed on Polarity of ~(-20)—(-10) mT. Such photospheric magnetic fea-

a linear scale. White is positive (i.e., towards the reader) and blackiges have generally been referred to as parasitic polarity regions
negative (i.e., away from the reader). (Martres et al._1966). In Se€f. 8.3, we discuss the role this region

may have played in the filament eruption and flare. In contrast,
we provide evidence which indicates that the strong bipolar re-
and the beginning of the appearance of anddark filament near gion straddling one end of the (photospheric) magnetic polarity
the magnetic polarity inversion line. inversion line (indicated by the black arrow in Figs. 2b and 2c)
From magnetogram data obtained from the National Soldid not appear to have played a significant role in the filament
Observatory (NSO), Kitt Peak, USA, we examined strong arduption.
weak values for the line-of-sight photospheric magnetic fields
in the region of the flare and filament eruption. Relevant por- Fig.[3 shows the soft X-ray flux from th@OES 7low en-
tions of magnetograms showing weak fields taken before ag)y channel{0.1-0.8 nm) and high energy channel)(05—
after the flare are shown in Fig. 2a—c. These images show €hé nm), with times ofrohkohsatellite night shown in the filled
line-of-sight magnetic field truncated above absolute magnituaieeas between dotted vertical lines. From this it can readily

(0)1992 May 6 | (¢)1992 Ma
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Soft )s-rgy Light Curves ‘ per.) Some of the images show pixel saturation effects (which
| / /| are apparent as vertical or triangular streaks from NOAA Re-
‘ gion 7154 in all panels, except Fig. 4c and Fig. 4h, and as well
as from the bright structure to the north of NOAA Region 7154
in Fig. 4d). These features should, of course, be ignored.
Some words are in order about the output of Yodkoh
SXT. The SXT is a digital camera consisting lif24 x 1024
T pixels. The full-disk images of the Sun used here consist of
RIS SR IS N A 512 x 512 or 256 x 256 pixels. These are obtained by on-board
06:00  08:00 10:00  12:00  14:00 summation of x 2 and4 x 4 pixels, respectively. When a soft
Time on 1992 May 7 (UT) X-ray photon strikes a pixel of the SXT it produces electron-
Fig. 3. Time profiles of the~3 secondSOES 7integrated soft X-ray hole pairs in the silicon layer of that pixel. From the number of
flux for the low energy channek(0.1-0.8 nm) (the higher intensity) electrons produced in each pixel an output quantity is calculated
and the high energy channel.05-0.4 nm) (the lower intensity) for which is referred to as uncompressed digital data numbers or
times near the flare on 1992 May 7 discussed in this paper. The {5, Since the soft X-ray flux of the Sun is not mono-energetic
marks and labels refer to the times of images shown inFig. 4. tha output for each SXT pixel isotdirectly related to the actual
number of photons striking the CCD. Rather the total number

be seen tha¥ohkohmissed the rise of the flare. Nonetheles®f electrons produced in each pixel is a measure the soft X-ray
Yohkohobserved interesting activity before the flare as well &hoton flux integrated over the range of energies to which the
during and after the gradual phase of the flare. Also indicat8&T pixel is sensitive {0.28-4 keV corresponding t0.3—

in Fig.[3 are the times of some of tiY@hkohSXT images pre- 4.5 nm). Photons of different energies produce different num-
sented in Figl4aHi. Note that from tf@OESplot shown in bers of electrons. Assuming a fixed wavelength, it is possible to
Fig.[3 the flare appeared to las® hr, perhaps more, above theestimate the number of photons striking an SXT pixel. However
background level. While the durations of LDEs are not precisence our purpose here is to show the development of soft X-ray
defined (Sheeley et dl. 1983), based on®@®@ESlight curve features we feel itis appropriate to simply show images of SXT
this flare appears to be at the low end of durations for LDE flaréigital data numbers.

However see Sedi. 3.2.1 where we briefly discuss the spatially In order to aid discussion of the development of the soft X-
resolved soft X-ray intensity of the flaring arcade. ray structures in this event it is helpful to describe and label the
features in the region which produced the filament eruption and
flare.YohkohSXT observations indicate that the morphology of
this region prior to the filament activation and the flare consisted
To illustrate the development of the soft X-ray features assooithe following principal structures in soft X-rays: (a) A bright,
ated with this event several representative images are shownampact region north of NOAA region 7154, corresponding to
Fig.[4ad. These are portions ¥bhkohSXT full-disk images an Hx plage region which was eventually labeled NOAA region
taken with the two ‘thinnest’ soft X-ray filters; one consisting157; (b) A relatively bright, densely packed ‘arcade’ of loops
of a thin layer of Al, abbreviated as the Al.1 filter and the other(@@ore like a tight cluster or bundle of loops than a uniform ar-
composite filter consisting of Al, Mg, Mn and C, abbreviated azade) lying immediately adjacent to and partially overlying the
the AlMg. filter (Tsuneta et dl. 1991). Theimages were correctafbrementioned region; (c) A faint arcade of loops extending
using standardYohkohsoftware and were aligned to track a posouth-eastward which may be an extension of the ‘arcade’ de-
sition near the center of the soft X-ray arcade which flared (hesribed in (b). These structures are referred to as Regions A, B,
liocentric coordinates S23E50 at 07:23:42 UT on 1992 May @hd C respectively, and are shown labeled in Fig. 4b which is
assuming differential rotation. The output values of the pixels afportion of a full-disk soft X-ray image of the Sun taken with
the images were normalized to yield ‘uncompressed SXT ditpe YohkohSXT. The pre-existing soft X-ray configurations in
ital data numbers’ (described below) per second, such that these structures seem to have remained fairly unchanged from
relative differences between images could be compared. E#tatrtime they emerged from behind the east limb of the Sun until
image is scaled logarithmically and the values were stretchaideast~04:42 UT on May 7. However a new structure did ap-
linearly to span the full range of display values for each inpear early on May 6 corresponding to the emerging flux region
age. Thus the relative differences between the images cannatliseussed above. This is indicated by the arrow in Fig. 4a and is
compared directly from this figure. Displaying the images in thadso shown labeled as Region D in Fig. 4b. This was eventually
way shows the most important features at the time of each ilabeled NOAA region 7161.

age and, also exaggerates the apparent brightness of the faintefhe evolution of the soft X-ray structures observed with
features thereby showing more of the magnetic structures. The YohkohSXT can be divided into the following consecutive
images were expanded in size and smoothed using bilinear ingtages: (i) a fairly long-lasting pre-existing configuration, (ii)
polation and displayed using a reverse (linear) black and white appearance of Region D, (iii) distortions and brightenings
color table. (These general processing and display procedwgthe loops of Region C prior to the flare, (iv) the start of the
have been applied to all the SXT images presented in this [flare, (v) the rise and peak of the flare (which was missed by
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(a) 1992 May 6 02:19:41 UT §(b) 1992 May 7 04:40:08 UT §(c 1992ﬂMa 705:43:16 UT

Expos.: 2688 ms_Filter: AIMg. 'Expos.: 2688 ms Filter: Al.1 Expos . 2688 ms Fllter AIMg

d 1992 May 7 05:48: 46 uT e 1992 May 7 06:05:50 UT [J(f) 1992 May 7 06:12:14 UT |

.H-

Expos.: 2688 ms_Filter: Al.1 xos.: 2688 ms Filter: AI.1 Exos.: 2688 ms Filter: Al.1

s TR

Fig. 4a—i.Portions of full-disk images taken by tvehkohSXT showing the development of soft X-ray structures relating to the filament eruption

and flare on 1992 May 7. The images are of SXT digital data numbers per second (described in the main text). These images are expanded and
smoothed using bilinear interpolation and displayed using a reverse color table in which the data values for each image are individually scaled
logarithmically and then stretched linearly to span the full range of display values for each imbdiee llong-lasting pre-flare configuration is

shown with labeled regions which are described in the main text. The original soft X-ray filters and exposure durations of the images are shown
in each panel. In particular, note thatvas taken during the flare and is of much shorter duration.

Yohkohbecause of satellite ‘night’), (vi) the gradual phase &.1. Outline of pre-existing soft X-ray configuration
the flare, and (vii) the post-flare phase. For most of this paper
we concentrate on the evolution of Region C which initiallfrig. 4b shows that several large loops can be seen clearly in

appeared to be a faint arcade and was later the site of a dynaReigion C long before the flare. Also visible in emission in soft
arcade associated with the filament eruption. X-rays (indicated by the arrow with the solid head in Fig. 4b
is a long, thin structure apparently lying low near the magnetic
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(a) 1992 May 6 09:29:17 UT (b) 1992 May 6 14:01:32 UT filamentary soft X-ray structure was visible low under the arcade
».

from at least~14:01 UT on May 6 and perhaps earlier. Shown

in Fig.[d is the soft X-ray image from Fig. 5d (on a logarithmic
': scale) overlaid with the contours from an He | 1083 nm image

i (on alinear scale) from NSO, Kitt Peak, USA, which is rotated

slightly (assuming differential rotation) to match the time of the
SXT image. The rotation rate used is that observed for small
k magnetic features taken from Howard et @al._(1990). Projection
errors for the rotated dark filamentary feature are small due to

Filter: AIMg. the small amount of rotation(1-3 SXT half resolution pixels)

: applied to this data. The overlay indicates partial overlap, along

the line-of-sight direction, of the dark He 1 1083 nm filamentary

v feature and the thin, bright soft X-ray structure.

% Although the interpretation of bright and dark features seen
in the He | 1083 nm line can sometimes be complicated, it is
reasonable to treat the dark He |1 1083 nm filamentary feature

’ as a proxy for the H dark filament since the dddark filament
and the dark He | 1083 nm filamentary feature appear to be
similar in earlier images. To simplify the discussion the thin,
Filter: AMg.| - bright, apparently low-lying filamentary soft X-ray structure
seen in Fig. 4b, Fid_5ald and Fid. 6a will be referred to here

Fig. 5a—d.Portions of full-disk images taken by tehkoSXT show-  Simply as the ‘brightfilament'. To our knowledge, such afeature,
ing a long, thin filamentary structure in emission in soft X-rays a&een several hours before the filament activation, has not been
parently lying low near the magnetic polarity inversion line under aieported before in the literature. The coincidence in time and
arcade of loops from which a filament eruption and flare occurred approximate line-of-sight location of the ‘bright filament’ and
1992 May 7. the dark He | 1083 nm filamentary feature (and by inference
the Hy dark filament) suggests an association between these
He | 1083 nm: 18:29:19 UT structures. The possible temperature of filament material based
on observations in, e.g., visible wavelengths;is 03-10* K
(Tandberg-Hanssén 1995), whereas the possible temperature for
bright features seen with théohkohSXT start at~ 10° K
(Tsuneta et al. 1991). We are unable to estimate the temperature
of the arcade, Region C, and the ‘bright filament’ accurately,
due either to poor statistics or lack of appropriate filter pairs.
Nonetheless, using the filter ratio technique for the SXT images
(Hara et al_1992) we find that the features for which we can
determine the temperature (Regions B and parts of Regions C,
including possibly the ‘bright filament’) all appear tob@ MK.
Fig. 6. aA portion of full-disk images taken by théohkohSXT show-  |tis reasonable to suppose that the temperature of the arcade and
ing afilamentary structure in soft X-rays (_part of that shown in Fig. 5dbright filament’ are similar~2 MK. The differenttemperatures
andb a He 1 1083 nmimage from NSO, Kitt Peak, USA, taken on 1995 the gark and ‘bright’ filamentary structures shows that they
May 6 artificially rotated forward in time to the time of the imagein - catainly not the same material at the same time. The exact
Contours ob are shown overlaid oa. location of the soft X-ray structure relative to that of the dark
filament is not clear. We will discuss this further in Ségt. 5
polarity inversion line, i.e., near the axis of the overlying fainhere we discuss the interpretation of the dynamical evolution
arcade of loops. This filamentary soft X-ray feature was fairlyf various soft X-ray features.
long-lived. Fig[5a-d shows several images which demonstrate

that it was present at least 10 hr and perhaps 20 hr, before the ) ) )
flare on 1992 May 7. 3.2. Dynamic arcade region (Region C)

The long thin soft X-ray feature appears roughly similarig 5 1 g X-ray development
size, shape, and inferred line-of-sight position with thedérk
filament described in Seél. 2. It also overlaps in time with a dafihe YohkohSXT images show that there was a long-lasting
filamentary feature seen in images taken in the He | 1083 moariod before the flare where the soft X-ray structures of Re-
line. The soft X-ray and He |1 1083 nm filamentary structuregions A, B and C did not show significant change. The last
were clearly co-existent since the dark He | 1083 nm line featurehkohSXT image clearly showing these relatively unaltered
was visible until at least-18:29 UT on May 6 while the bright structures was taken at 04:42:16 UT on May 7. Another image
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near this time is shown in Fig. 4b. After these few images the =g
was a gap in th&ohkohdata due to satellite ‘night’.

After the data gap, the loop structures in Region C appea "
to be notably ‘distorted’ and were much brighter. An imag|a)o7:25:50 UT
taken at 05:43:16 UT (shown in Fig. 4c) clearly shows bright [ 7
‘distorted’ loops in Region C. The details of the configuration I
early in this stage are not entirely clear. However, in the images
taken shortly afterwards, the ‘bright filament’ is no longer vis-
ible apparently lying low under the arcade near the magnetic
polarity inversion line. Instead, a narrow, ‘rail’-like feature i§i9. 7. Panelsa—e are a sequence of SXT images showing the features
seen in emission near the top of the much brighter loops (ind}-the end of the flaring arcade, Region C, on 1992 May 7. Périels
cated by the arrow with the solid head in Fig. 4f). The overlying'®s difference images between consecutive imageirfogether
loops seem to be wrapped closely around this ‘rail’. At firdp€S€ Sets of images show apparent motion of the soft X-ray emitting

. , asma of the features at the end of the arcade. White is positive (i.e.,
appea‘rarj’ce_ of the ‘distorted’ loops, they seem to arch over otes increase in emission), while black is negative (i.e., denotes
b_rlght rail _-I|ke strgcture and appear to be compressed togethgterease in emission).
giving the impression that they are pulled or pushed together and
upwards at their tops.

After some time a clearly distinguishable loop is seen arcbf what look like two linear soft X-ray features with a ‘knot’
ing over the ‘rail’ feature and is indicated by the southwardecated near where they meet. Examining these features we find
pointing arrow in Fig. 4f. There is another flux ‘loop’ whichevidence for outward motion most markedly in the feature to the
appears to thread through this loop and then possibly twistsst. There is also an apparent twisting motion of the features,
around the ‘rail’. This is indicated by the northward-pointingspecially the feature to the west. Hig. 7 shows a sequence of
arrow in Fig. 4f. images illustrating this apparent motion. The data shown in this

While the rise phase of the (soft X-ray) flare was missed digure consist only of images taken with an exposure duration
to Yohkohsatellite ‘night’ we were fortunate to obtain one im-of 2668 ms with the Al.1 soft X-ray filter. The images are scaled
age just prior to the flare which shows interesting features. Tissfparately so the apparent relative differences in intensity be-
image was taken at 06:29:42 UT and is shown in Fig. 4g. Ndigeen the images (a)—(e) are deceptive. However,Hidsl. 7f—7iare
that in this image the configuration in Region C has changedaled so that positive differences appear light-colored while
markedly. The ‘rail’ which was previously near the top of theegative differences appear dark-colored. The flare examined
loops of the arcade has now disappeared. Instead, several ‘lodygse was reported as being associated with a bright surge (i.e.,
which appear to be ‘cusped’ at their tops are now clearly visibke collimated plasma flow) at the limb. The soft X-ray ‘tail’ fea-
These apparently ‘cusped’-shaped loops seem to be orientetlines extend beyond the limb and show motion, so they may be
different directions. The NOAA event listing gives the center a&lated to the surge. A surge-like feature corresponding to the
the flare as heliocentric coordinates S23E25 (presumably, gudt X-ray feature to the east is visible imHiltergrams from
location of the centroid of the ddflare ribbons). This is cen- Paris-Meudon Observatory from06:54 UT to~08:41 UT on
tered on the region of the cusped loops. Careful examination\ddy 7, with a maximum intensity at07:35 while the soft X-
the GOESsoft X-ray flux shows a gradual increase starting aay features are visible from07:23 UT to~08:06 UT. The soft
~06:31 UT. TheGOESsoft X-ray flux continued to rise gradu-X-ray feature to the west appears to lie near the filament section
ally until ~06:38 UT when it showed a steeper rise. The time & in Fig.[Ia—f and may even be part of a surging prominence.
the ‘cusped’ loops is the time of the last stage of the magnetic The general appearance of bright soft X-ray structures in
reconfigurations associated with the eruption. Depending on tfig. 4h superficially resemble a shrimp and so we refer to this
interpretation of the ‘cusped’ loops, this could be consideredflare as thesbiflare (using the Japanese term for ‘shrimp’: Re-
be the time of (i) part of the pre-flare phase or (ii) the start of tlggons A and D being the eyes, Regions B and C the body, and
primary energy release of the flare (assuming that high enetbg features at the end of Region C being the tail).
particles are accelerated at that time). The arcade of loops of Region C gradually decreased in

After the single image which showed the cusped loops antiaghtness with time. Nonetheless, a bright arcade remained
gap in the data due to satellite ‘night’ tNehkohSXT captured long after theGOESsoft X-ray flux (Fig[3) dropped to the back-
images of the gradual phase of the flare. A representative imageund level (Fig. 4i). Momentarily jumping ahead to Hig] 10,
is shown in Fig. 4h. An arcade of brightened loops, formegle see the temporal variation of the intensity of boxed region
after the eruption of the Hl filament, is visible in Region C. u which is part of Region C. The intensity of the spatially re-
This arcade structure clearly extends south-eastwards. solved soft X-ray flaring arcade actually lastedO hr, much

We also point out the appearance of interesting featuredatger than the LDE seen in the integra@@ESplot (Fig.[3).
the southeastern end of the arcade at the time of the flareTasis this flare does have a duration typical of LDEs, but is of
indicated by the arrows with the solid heads in Fig. 4h. Thesglatively low total soft X-ray intensity.
features may be the end of the dynamic changes in the arcadeEventually most of the ‘tail’-like features at the end of Re-
associated with the flare and the filament eruption. They congigin C disappeared, leaving a diffuse feature over the southern-
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(b) log,o(Te) +1(©) logio(EM) X-ray filters occurring close in time to each other. The practical
= 3 oy L application of the technique actually requires that we interpolate
Higt SR S images taken in one filter to the exact time of that taken with
i e = I L ] another filter. To do that requires two images taken with the
i ‘ﬁ}.—ﬁ: ?p e .7 | same filter before and after the desired interpolated time which
: oy i U do not show significant variation in features. Despite these re-
Filter: Al.1 e | Ll Strictions we were able to construct several temperature and

Fig. 8. aShows a portion of the soft X-ray image shown in Fig. 4(Fmission measure images from the p‘)o.rtions o,f full-disk SXT
Using thisimage and an interpolated image obtained from images tamges_' Pr'orto the appearance ofthe ‘distorted IQOPS therewas
with the AIMg. filter nearby in time, we obtain electron temperaturd)© Significant change in the temperature and emission measure
T., and emission measurBM, maps for the region. These are show®f Region C compared to adjacent regions. However, as soon
in b andc respectively. All three panels are displayed on logarithmis the ‘distorted’ loops appeared there was an increase in both
scales, with the values for the temperature and emission measure shihvertemperature and emission measure of the loops in Region C
in greyscale bars belotvandc respectively. The units faf. andEM  (Fig.[8). Fig[8a shows a portion of the soft X-ray image shown
are MK andm™?, respectively. TheZM values are per pixel. in Fig. 4d. Figs[Bb and 8c show the temperature and emission
measure (on a pixel-by-pixel basis), respectively, on a logarith-
mic scale. The values of the temperature and emission measure
most loops. This feature (indicated by the northward pointinfisplayed are shown with the color bars at the bottom of these
arrow in Fig. 4i) may be similar to the diffuse ‘cusp’-like featurganels. The white areas in Fi§$. 8b &md 8c denote those points
seen above the loops at the northern end of the arcade in Figfgdwhich either the pixels are over-exposed (and hence should
(indicated by the arrow with the open head). In fact, the lattaot be used) or for which the statistics is poor, and should be
feature is also seen in Fig. 4i. ignored. Comparing the images in Fig$. 8b ahd 8c with tem-
Thus the soft X-ray images seem to show two types perature and emission measure maps for earlier times there is
‘cusp’-like features, one occurring in the preflare stage aad enhancement of the temperature and emission measure for
the other occurring in the (soft X-ray) flare—postflare stagqsixels in the brightened arcade fros2 MK to ~6 MK and
The preflare ‘cusp’-like structures appear to consist of sevefi@m ~ 10*® m—3 to ~ 5 x 10**m~3, respectively. The lower
distinct, narrow ‘cusped’ loops oriented in different directiongnd of each of these ranges (&2 MK and~ 10*® m—3), as
These appear to have developed from what were clearly wvell as denoting the values of pixels in the region of the bright-
cusped loops seen earlier in emission in soft X-rays. They seened arcade of ‘distorted’ loofieforethe filament activation,
to reform to uncusped loops which then appear very bright. Talso denote the values of pixels of surrounding areas before and
flare—postflare ‘cusp’-like structures appear to consist of a stiring the time of the bright ‘distorted’ loops. Thus the data
gle cusped structure which is much larger, more diffuse and lidsmonstrate that when the loops of Region C appear to become
above the brightest parts of the bright arcade. These may halistorted’ and brighten this is associated with an increase in
formed from magnetic loop structures not clearly visible earli®oth emission measure and temperature.
in soft X-rays. Note that the cusped loop structures observed We are unable to obtain reliable temperature and emission
in the flares analyzed by Tsuneta et al. (1992) and Hiei et aleasure maps after this time but prior to the flare due to either
(1993) were observed in the flare—postflare phases. the absence of two images sufficiently close together in time,
In the postflare stage two coronal hole-like features ague to significant changes in the features, or poor statistics.
peared near the dynamic arcade region, Region C. One was
a dark ‘channef _cot.erminous with the Ieading gdge of ﬂ?S. Nearby parasitic polarity emerging flux region
arcade of loops (indicated by the eastward-pointing arrow In
Fig. 4i). The other appeared to be a transient coronal hole s@esmall structure labeled Region D in Fig. 4b appeared to the
to the east of the arcade of loops of Region C (indicated by thertheast of Region A early on May 6. This soft X-ray region
southward-pointing arrow in Fig. 4i). Both hole-like featuresverlies the parasitic polarity region referred to in Sect. 2.
indicate changes in the large scale magnetic field around the re-It is well-known that magnetic flux emerges in the form of
gion of the filament eruption and flare. In particular, they clearlyipolar regions (e.g., Harvey et al._1975; Golub et al. 1977).
show the creation of open field regions near the flaring arcad#erefore a parasitic polarity region is likely to consist of bipo-
We briefly examine the transient coronal hole in Seci. 3.4 akgt regions emerging in a large region of predominantly one
discuss our results in Sett. 5. polarity. Such regions however must have a significant polar-
ity opposite to the surrounding region to allow them to survive
and become readily apparent in magnetogram data. This is con-
firmed here as was mentioned in S@¢t. 2. In soft X-ray images
We also constructed temperature and emission measure magk®parasitic polarity emerging flux region looks like a cluster
the region before the flare using the filter ratio technique for tioé a few small bipolar loops.
SXT (Hara et al._1992). To make a temperature and emission Region D may have played an important role in causing the
measure image we need two images taken with different shbitx dark filament activation and flare. This region was observed

3.2.2. Temperature and emission measure
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Fig. 9. The time-variation of the brightness of boxed regions in parts gfg. 10. The time-variation of the brightness of boxed regions in parts
aligned full-diskimages taken by th@hkol5XT, including Region D.  of alignedYohkohSXT full-disk Al.1 images, including the transient
The values in each boxed region are normalized to the maximum vaiggonal hole to the east of Region C. The dotted line shows images
in each boxed region. The three tick marks below all of the light curvesken with an exposure duration of 2668 ms, while the plus symbols
indicate the times of the ‘distorted’ loops, the cusped loops and thigow images taken with an exposure duration of 668 ms. The values in
(gradual phase) flaring loops, consecutively. each boxed region are normalized to the maximum value in each boxed
region. The three tick marks below all of the light curves indicate the
times of the ‘distorted’ loops, the cusped loops and the (gradual phase)
to grow gradually in size and brightness until the flare on May ffaring loops, consecutively.
The interaction of Region D with adjacent regions may have
caused the slow de-stabilization of the magnetic field configu-
ration of Regions B and C eventually leading to the activatidhe transient coronal hole and the flaring arcade for a series
of the filament and the flare. of YohkohSXT images. In this case we aligned all the images
Fig.[@ shows plots of the intensity of boxed regions arouriél track the heliographic latitude and longitude of the transient
parts of Regions A, B, C, and D (defined in Fig. 4b) for a series &@ronal hole (S16E62 at 14:43:08 UT on 1992 May 7) assum-
YohkohSXT imageS, referred to as boxed regions a, b' c, and@g differential rotation. The solid and dotted lines show images
respectively. We aligned all the images to track the heliograptifden with an exposure duration of 2668 ms, while the plus sym-
latitude and longitude of Region D (SO7E30 at 07:23:42 UT dipls show images taken with an exposure duration of 668 ms
1992 May 7) assuming differential rotation. The solid lines sholfor boxed region u only). The results presented here show that
Al.1 images taken with an exposure duration of 2668 ms, whilee transient coronal hole, indicated by about an order of mag-
the dotted lines show images taken with an exposure duratigfde decrease intensity in boxed regiont, appeau@tr after
of 668 ms. For each boxed region we normalized the intensﬁt}ﬁ' start of the filament eruption and flare. However we have to
curves to the maximum value for that region. Note that the iR€ar in mind that since boxed region t, representing part of the
tensity of the boxed region d increased with time reachingeientual transient coronal hole, was near the limb it is possible
broad peak with several episodes where the intensity rose #f@f the transient coronal hole may have appeared earlier than
fell. After this the intensity of boxed region c increased suddenfydicated by the plots, but was not apparent because of emission
(corresponding to the appearance of the brightened ‘distorté@m obscuring foreground field lines.
loops). It then dropped suddenly (corresponding to the disap-
pearance of the bright ‘distorted’ loops and the appearance of . . .
the cusped loops). After thattime(06:30 UT on 1992 May 7) it 4.’ Comparison with Meudon Hex observations
suddenly increased to a large value (corresponding to the gregbm an examination of théohkoHSXT images we determined
ual phase of the flare) and then gradually decreased in intengtg time ranges of interesting stages in the development of soft
The three stages corresponding to the times of Fig. 4c, g, h (iXray features. Comparing the SXT images and lhages
the times of the ‘distorted’, cusped, and flaring loops) are indrom Paris-Meudon Observatory we carefully selectedi-
cated by the tick marks below all of the light curves in [Eig. @ages closest in time to the times of each of these stages in the
The intensity of the boxed region d appeared to drop after theft X-ray development. Theddimages were obtained photo-
appearance of the cusped loops in Region C (excluding a begedphically and then digitized. The location of the solar limb for
jump in intensity near 21 UT on 1992 May 7 corresponding these images was determined by eye fbarcsec. Knowing the
an isolated flaring of Region D, which in any case was after thiérection for solar north for the &limages, and the location of
flare in Region C). While these data do mpobvea relation be- the solar limb, we scaled the Meudomxhimages down to the
tween the growth and development of boxed region d and boxsige of the correctefohkohSXT images (which consisted of
region c they are at least consistent with that suggestion.  pixels of~4.9 arcsec). Th¥ohkohSXT images were corrected
using the pointing information from th¥ohkohsatellite atti-
tude sensor (which is, in principle, accurate-t arcsec). We
confirmed that there was a good match between features seenin
Following a similar procedure to that discussed in Seci. 3tBe Hu and soft X-ray images. We estimate the accuracy of the
Fig.[10 shows plots of the intensity of boxed regions arouradignment of theYohkohSXT and Meudon K images shown

3.4. Transient coronal hole
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(a) SXT: 1992 May 6 06:59:09 UT "J (b) SXT: 1992 May 7 05:48:46 UT | () SXT: 1992 May 7 06:12:14 UT
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Fig. 11a—f.Portions of full-disk images taken by tiehkohSXT with selected contours of aligneaHmages from Paris-Meudon Observatory
shown overlaid. The H images used are the same as those shown ifi Fid. 1a—f.

here to be-1 SXT half resolution pixel, corresponding4@t.9 in Fig. 11c). This panel shows that the soft X-ray and ‘fila-
arcsec. The Himages are shown in Fig_Ta—f. In Hig. ITa—f wenents’ overlap considerably along the line-of-sight direction.

show theYohkohSXT images corresponding to these in- Fig. 11d shows an SXT image at the time of the cusped
ages. Selected contours of the corresponding aligneididges |oops just prior to the flare. Selected contours of the nearest H
are also shown overlaid in Fig. TTa—f. image taken shortly before are also shown overlaid. The sudden

Fig. 11a shows the soft X-ray configuration during the |Onéi_isappeara_nce of the ‘distorted’ Ioo_ps and ‘rail’ seen in soft X-
lasting pre-activation stage. The contours of the aligned H&YS: the disappearance and eruption of thedark filament,

image nearest in time to the SXT image indicate that the HO9&ther with the appearance of cusped soft X-ray loops lead

dark filament appears to be located under the arcade of &5t© conclude that both thedHand soft X-ray filaments are
X-ray loops. ejected at nearly the same time. If this is indeed the case then

the YohkohSXT data for this event ‘show’ the ‘eruption’ of a
An SXT image at the time of the appearance of the ‘dislament on the solar diskeen in soft X-rays.
ftort{ad’ loopsis showq Fig. 11b. Thisimage is part of that shown During the flare, the soft X-ray arcade appeared patchy
in Fig. 4d. The overlaid contours of the\dmage show that the j, 1yrightness with only selected loops in the arcade emitting
Ha dark filament has begun to break up into segments, Whl_ﬁnghﬂy in soft X-rays. Comparing the ddemission shown in

is a common occurrence during filament activations (Martitynoyrs in Fig. 11e and the soft X-ray emission nearby in time,
[1980). This panel appears to show the elevation of thelark e see that the bright patches imvtgorrespond well with the

filament under the brightened ‘distorted’ soft X-ray loops. footpoints of the brightest loops of the flaring arcade.

Thetime of the soft X-ray ‘rail’ coincides withthe timewhen  Fig. 11f shows an SXT image during the decay phase of the
the Hy dark filament s elevated. Fig. 11c shows the corresporabft X-ray flare. The white contours show the location ef H
ing SXT and Hv image data. (Although we have attempted temission near the ‘footpoints’ of the soft X-ray arcade of loops.
remove limb darkening from theddimages, some limb dark- The black contours show the location of the: ark filament
ening remains as can be seen in Fig. 1c, and by the contoutgch has begun to appear below the arcade of soft X-ray loops.
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5. Discussion between the time of the last image showing the long-lasting
) ) o pre-event structures~04:46:32 UT) to the time of the first
We now outline the main points in the development of the SOﬁ)ﬁﬁage showing the ‘distorted’ loops-05:43:16 UT). At the
ray features (and by inference in the magnetic field) for this eveqit, i+ of observations at Paris-Meudon Observatory on May 7 at
as seen with th&’ohkohSXT as well as our interpretation of _q5-50 UT the Hy dark filament appeared elevated compared
these observations. We describe the development with referepeg o previous day. Moreover the ‘rail-like soft X-ray structure
to various stages in the event. overlaps considerably, along the line-of-sight direction, with the
elevated Kk dark filament as can be seen in Fig. 11c
5.1. Prior to Hx filament activation We mentioned in Sedf._3.2.1 that the first few images show-
ing the ‘distorted’ loops of Region C give the impression that the
Prior to the Hx filament activation the soft X-ray images showoops are ‘pulled’ or ‘pushed’ upwards by the ‘bright’ filament.
what appears to be a bright filamentary structure similar in siz@us there appears to be an increase in height of the overlying
and approximate location to a dark He |1 1083 nm filamentagycade of loops associated with, and possibly due to, the eleva-
structure (and by implication andddark filament) for over- tion of the Hx filament. We also found that the activation of the
lapping times. How should the filamentary soft X-ray structund., filament was accompanied by an increase in temperature
be interpreted? Whil8kylabdata showed that there were elonand emission measure of the overlying loops.
gated soft X-ray structures associated with Hark filament  The bright filamentary or linear structures seen in soft X-
disappearances, these structures were arcades of loops whg/€might be due to the locus of a series of brightened points at
the loops lay across the (photospheric) magnetic polarity invétie tops of loops of an arcade caused by magnetic reconnection.
sion line and the filament. Note also that these X-ray structuegr the case of the elevated ‘rail-like structure which is seen
occurred after the filament eruption, not before. Since both thear the top of the loops of an arcade, this suggestion, at first,
‘bright filament’ seen in soft X-rays and the (dark) filamerdppears more plausible. While it is difficult to be sure of the
are observed at approximately the same line-of-sight locatigitee-dimensional geometry of soft X-ray structures since the
(apparently lying low along the axis of the arcade of loops) f@foronal plasma s optically thin in soft X-rays, the ‘rail’ does not
overlapping time intervals, this suggests a close relation betwegjpear to be above the loops, but rather under them. The order of
these features. However, since these ‘filaments’ have measwgshts is also wrong for this suggestion since we might expect
(electron) temperatures which are orders of magnitude differegt.see the cusped loops prior to the appearance of the locus of
this suggests that the plasmas of which these filaments are cefightened reconnection points, opposite to the order observed.
prised occupy different (large-scale or small-scale) locations\gt conclude that the bright soft X-ray filaments (the low lying
a given time. This is also indicated by the imperfect overlap §fament and the elevated ‘rail’) are not due to the locus the tops
the soft X-ray and He 1 1083 nm filaments as seen inlffig. 6. Nas¢ loops which reconnected but are related to axial magnetic
thatthe apparently low-lying ‘bright filament' is relatively long-structures, perhaps part of thevtdark filament itself.
lived, existing some 10-20 hr before thevfilament becomes  Kane [1994) observed linear soft X-ray features associated
activated. Possible explanations for the observations include{i}h Hq filament eruptions which he termed ‘strings’. He tried
the cooler H dark filament material is surrounded (at least pago explain these soft X-ray features as the locus of reconnection
tially) by a distinct hotter envelope which emits soft X-raysyoints above the underlying soft X-ray arcade formed after the
(ii) part of the H dark filament material (e.g., the inner corgeconnection such as might be expected in the model proposed
or outer edge) is heated to soft X-ray emitting temperatures, | Hirayama[(1974), or as the heating of the core of the H
(|||) there are two distinct pal’tS to the ﬁlament, one hot and O%ment Wh|Ch rises but is kept belOW the Overlying |Oops Of
cool, at different heights, e.qg., the soft X-ray ‘filament’ may lighe arcade which brighten in soft X-rays. For the first of these
above (or below) the H dark filamentary material. suggestions it is not obvious that enough plasma could exist at
the reconnection site early in the flare to produce the observed
structures or why these features are also not observed at the time
of the bright flaring arcades even though magnetic reconnection
Although there is a gap in théohkohSXT data and we do not is still presumed to be occurring. Moreover Kaho (1994) con-
see the development of the soft X-ray features from the longuded that the soft X-ray ‘strings’ seemed to lie below the loops
lasting configuration (as shown in Fig. 4b) to the time of thef the arcades, not above them. The second of his suggestions
‘distorted’ loops (as shown in Figs. 4c—f) it is reasonable fwas the problem that the filament cannot escape, inconsistent
suppose that the ‘bright filament’ rises and is visible in soft Xwith the observations of the eruption of thevillament.
rays as the bright, straight, ‘rail’-like structure seen just under While we cannot exclude entirely that the ‘distorted’ loops,
the top of the loops of the arcade of Region C. This suggestioail’-like structure, and some of the flux loops may simply be
relating the ‘rail’ to the ‘bright filament’ readily explains thedue to line-of-sight effects caused by the orientation of soft X-
disappearance of the apparently low-lying ‘bright filament’, andy features, including the tops of loop, theldata generally
the sudden appearance ofthe ‘rail’-like feature near the top of thgport our suggested interpretation of the soft X-ray data. We
arcade of loops. Based on the SXT images alone, the elevatpmint out that if it was not for the last frame in our data just before
or activation of the filament occurred on 1992 May 7 sometintke flare, it would not have been possible to state so clearly that

5.2. Hx filament activation
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the filament ‘erupted’ based on soft X-ray images alone. Thigy observations reported here do not support the hypothesis
leads us to advise caution interpreting similar data. that the loops are highly sheared due to horizontal motions at
What is the magnetic structure supporting the bright sdfte photosphere. We also do not find any evidence for a highly
X-ray and Hy dark filaments? One possibility is that thevifil-  sheared inner arcade, as suggested in the model of Moore &
ament might be contained within one or more twisted magneRoumeliotis [(I992). These authors argued in favor of a model
flux ropes which suspend the filamentary material but isolatenhere there is a low-lying highly sheared field region along
from the hotter surrounding plasma. If this were the case, thida@ magnetic polarity inversion line underneath a less-sheared
eruption of the K filament would be the same as the the eruglosed magnetic field region. WhidMohkohSXT images may
tion of the magnetic flux ropes. The suggestion that the filamesfitow soft X-ray structures for active region arcades which could
lies within a twisted magnetic flux tube was suggested earliee interpreted in this way, the suggested geometry is not con-
by Rust (1976) and Rust & Kum&r (1894). These models cosistent with the observations of quiet region arcades, including
sider the filament and arcade as part of a large single structihe. one examined in this paper. We did find localized brighten-
However, the observations reported in this paper strongly suiggs near the northern footpoint of the clear loop seen arching
gest that the filament is a separate structure from the overlyiongr the ‘rail’. However this does not seem to be related to mo-
arcade of loops and is ableitteractwith it. tion of the footpoints of the loops of the arcade. This and the
Roy & Tang (1975) showed that the activation of an Happarently ‘distorted’ loops may instead be related to the inter-
filament was associated with an increase in unresolved softaction of the overlying magnetic field lines with the field lines
ray emission while Rust et al._ (1975) showed that there wase@inthe activated K filament. We conclude that the magnetic
enhancement of spatially resolved soft X-ray emission in tie@ergy released in the flare discussed in this paper is probably
general vicinity of a filament activation. Roy & Tang (1975)0t associated with shearing motions of magnetic field lines at
suggested that the soft X-ray emission associated with a filae photosphere. Note that while the idea that magnetic shear is
ment activation is due to the compression of overlying fiel@used by shearing motions of the footpoints of already emerged
by the expanding filament. Similar suggestions were also md@eps is widely used in some filament eruption and flare models,
by Webb et al.[(1976). For the event described in this pagspecially numerical models, Wang (1994) argues that there is
we observed an increase in soft X-ray emission from overlljitle observational support for this suggestion. Instead he argues
ing loops in association with the elevation of the: lament that magnetic shear develops from the interaction of different
~45 min before the filament eruption. We are not sure wheth®agnetic flux regions.
compression of the overlying loops alone can account for the As mentioned in Sedt. 3.3 a parasitic polarity region, which
soft X-ray emission observed. It is certainly not obvious th@merged near the Region C arcade from which the filamenteven-
there is sufficient plasma in the corona which could emit atidally erupted, appeared to grow in size and soft X-ray bright-
continue to emit soft X-rays. Also it is not merely the tops afiess. This emerging flux region may have slowly de-stabilized
the loops that are bright in soft X-rays but most of the corontile magnetic field configuration of the region from which the
loops, including the inferred footpoints of the loops. Comprefitament erupted. Although, as mentioned above, the geometry
sion of the overlying loops would cause a high pressure regiproposed for the flaring arcade in the model of Moore & Roume-
to exist at the tops of the loops of the arcade which might be diotis (1992) does not agree with the observations of the flare
pected to drive ablation of chromospheric plasma into the logxamined here, these authors also emphasized the possible role
To determine whether compression of the overlying loops isoaa slow destabilizing mechanism in ejective flares, including
feasible mechanism to explain the preflare soft X-ray emissidhe situation with emerging flux away from the magnetic po-
detailed modeling would be required. An alternative possibigrity inversion line but under the large-scale bipolar magnetic
ity we would like to suggest is that the initial enhancement dield of the arcade region. Schmieder et al. (1996) suggested
soft X-ray emission of the overlying loops is caused by an ithat surges, filament eruptions and flares occur in the vicinity
teraction of the magnetic field of the elevated filament with thag parasitic polarity regions. Furthermore, Feynman & Mar-
magnetic field of the overlying loops leading to the energizatidim (1995) showed in both statistical and case studies that those
of particles and heating of chromospheric plasma which fills tikeronal mass ejections associated with the eruption of filaments
loops. are strongly associated with the emergence of new magnetic flux
Although we do not have information on the photospherid the vicinity of the filament prior to eruption. The observations
velocity field, nor have we seen photospheric vector magrieported in this paper are consistent with these suggestions and
tograms for this event, we find no clear evidence for enerfjpdings.
storage or build-up by shearing motions of the coronal field
near the footpoints from soft X-ray images of coronal loops - ;
seen in images taken with the SXT. This null observation ?’:3 H filament disappearance
mentioned because some authors (e.g., Zuccarello [ef-all 188mediately prior to the flare, the configuration in Region C
; Longbottom & Priest’1994) have suggested that energy mayanged to a number of apparently cusped loops with no
be built up by photospheric (or sub-photospheric) motions @éil’ visible. Based on the SXT images alone, the ‘eruption’
already emerged loops and that this energy may be releasédhe ‘rail'’ seemed to occur between the last image show-
suddenly activating the filament and causing the flare. The g ‘distorted’ loops without cusps at06:20:40 UT on 1992
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May 7 and the first image showing (faintly) the cusped loopdagnetic reconnection of magnetic field lines above the bright
at ~06:27:24 UT on 1992 May 7. Thedddata from Paris- arcade is one possible explanation for the diffuse cusped loops.
Meudon Observatory indicate that the main body of the HThe observations therefore suggest that magnetic reconnection
dark filament began to fade and break-up6:21-06:24 UT on might have proceeded northwest to southeast along the arcade,
May 7. At~06:26 UT on May 7 it was almost completely fade@r occurred in the northwest first and later in the southeast.

and the next image taken @06:30 UT on May 7 showed that
the Hx dark filament had disappeared. The association of the eruption of amHilament and an

It has been reported that in some filament activations tBBhancement of soft X-ray emission has been well-established

filament has different parts which behave differently. For exart®-9., Webb et al. 1976). These authors and others have shown
ple, Tang[(1986) showed evidence for a filament eruption whitliat the eruption of an i filament is followed by a bright soft
seemed to consist of two parts, the upper part being ejected Zn®y emitting arcade region.

the lower part remaining. Some of the observations reported .

here could be interpreted as the filament having consisted of A Number of authors (e.g., Sturrock 1966; Hirayema 1974;
two parts, an kt dark filament and an overlying soft X-ray fil- <OPP & Pneuman 1976) proposed a model to describe the erup-
ament. Note, however, that for this evéntththe Ha and soft tion of a.d.ark fllament and flare including the crgatlon of an
X-ray filaments appear to have been ejected. Despite this, ffgade visible in soft X-rays. In such models a rising filament

Ha filament does reform later but appears to be different RylS the overlying magnetic field (loops) outward into a highly
structure (Mouradian et &l 1998). While the soft X-ray +ila€longated shape. Oppositely directed magnetic field lines (of the

ment’ may have no direct connection with thex fllamentary overlying loops) below the filament are assumed to be pushed

material, e.g., ifthere is a separate soft X-ray emitting filamerfPgether and t_hen reconnect releasing .the stored _ma_gnet?c en-
above the H filament or if the Hy filament is surrounded by €79 and forming an arcade below the filament which is bright

an envelope which emits soft X-rays, it is also possible that tHeSOft X-rays. In the development of the event described in this
soft X-ray emitting structure might be due to material whicR@Per we do not observe the sort of elongation of the magnetic
was part of the K filament at an earlier stage heated to SOfx(_eld en_wsaged inthese models_. This conclusion should b_e qual-
X-ray emitting temperatures. We note that the elevated soft %ed with the fact that the last Image we see _before the Image
ray filament appears brighter and more clearly visible than A& the cusped loops was takef7 min earlier. Itis conceivable
apparently low-lying soft X-ray filament. Moreover there is redhat there was a sudden elongation of the loops between these
sonably good overlap of the elevated soft X-ray filament and tfjio images or at the time of the lastimage. The stretching of the

Ha filament. While the Kk observations for the event describe@Verying loops would then be expected to lead to a reduction of

in this paper show that the filament disappeared because it WisParticle number density inside the loops and hence reduced

ejected, rather than heated, some heating of thdildment is soft X-ray emission. However the similarity of loop heights for
likely to have occurred. clearly discerned loops in images at the time of the cusped loops

and before the cusped loops would then have to be explained.

One possible explanation is that the middle section of the fila-

5.4. Flare ment erupts causing that region to appear dim, while the ends
the filament are in the process of erupting and show cusps.
ther explanation for the apparently cusped loops seen in the

T images is that they are due either to line-of-sight effects of
ops that are actually being stretched out but which are not in

The subsequent configuration of the region seen in soft X-r
images was during the decay phase of the flare and sho
a bright arcade of loops in Region C. This observation see

to suggest that the cusped loops seen earlier had reforme .
99 P P act cusped loops, or due to heating of parts of theftthment

uncusped loops, ft X itting t t W t exclude th
As discussed in Sedi.3.2.1, the ‘tail’ features seen at tbogzgibilit}(razy emitling temperatures. Ve cannot exciude these

end of the arcade may be associated with the brighstrge
seen at the limb. The soft X-ray features indicate mass motions \We emphasize that we also see no evidence for inward flows

and their.topology ShO\.NS the magnetiq field changgs aSSOCiatS?@oft X-ray structures to a reconnection site below the soft
W't.h the filament eruppon_and flare. It IS even pqssmle _that t@@-ray linear feature (or ‘rail’), despite the fact that magnetic
tails” may be due to ejection and heating associated with pafis, e in the vicinity are ‘visible’ in soft X-rays. Cusped loops
of the Hx filament. Hx observations from Paris-Meudon Obser; formed but these seem to be at nearly the same height as

: ar
yatqry show that the f"a'.“e”t segments 5 and f6 shown Iabelmg uncusped (but ‘distorted’) loops seen immediately before.
In Figs. .1b_d began tq disappeara16:36 UT and-06:50 UT,  rpiq g apparent if we look at the clearly distinguishable loop
respectlvely: _The_se filament segments m_lght be relatepl to e arching over the ‘rail’ feature indicated by the southward-
soft X-ray tail indicated by the eastward pointing arrow with thsointing arrow in Fig. 4f. This loop can be identified (by the
solid head in Fig. 4h. This suggestion is consistent with our g?ﬂbst northerly arrow) in Fig. 4g. Thus the filament, which was

i

ehral mtgrpretanog assoqatm? a bnghlt(?_cl)ft X-ray Afllarr]nent Withist below the tops of the ‘distorted’ loops appeared to break
the activation and eruption of andHlark filament. At the time éférough the arcade by cutting the loops at their tops.

of the ‘tails’ we see a diffuse cusp at the north end of the arca
After the ‘tails’ disappear we also see a diffuse cusp nearby.
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5.5. Transient coronal hole the magnetic field of the rising flux tube with the overlying mag-
netic field causes the overlying loops to become ‘distorted’ and
During the postflare phase the large arcade of bright I00ps @¥ight in soft X-rays. Part of the # dark filament is probably
panded in size and decreased in soft X-ray intensity. As Wasated and this is visible as a bright linear soft X-ray feature just
mentioned earlier a transient coronal hole formed to the easi@fow the loops of the arcade. Eventually continued interaction
the flaring arcade and a dark coronal channel appeared adjagefe magnetic field of the overlying loops with the magnetic
to the west edge of the arcade. The appearance of short-liga@y of the filament causes the magnetic field of the loops to
coronal holes in association with filament eruptions and fIarggen_ At least parts of both the soft X-ray and Hlamentary
has been reported previously (e.g., Solodyna tal.|[1977; Harygyterial are ejected and cusped loops are formed. The cusped
& Sheeley 197/09; Rust 1983). These indicate that the magn%'@ps are observed in soft X-rays because they were brightened
field on a large spatial scale is altered. In particular, they unagyylier. Heating of the chromosphere causes thehission at
biguously demonstrate the creation of open field structures { footpoints and the ablation of chromospheric material into
the filament eruption and flare process. The transient corogsd loops filling them with hot dense plasma. This causes an in-
hole feature for this event was pointed out earlier by Kozukgease in temperature and emission measure of the soft X-rays
et al. (1995). These authors suggested that the Type Il ragigps. The cusped loops reform to uncusped loops. Tracers of
bursts associated with the flare was later seen as an interplqﬁgmagnetic field changes are shown by the ‘tail’ features and
tary shock (inferred from the scintillation of radio waves frorfknot visible at the southern end of the bright arcade. These
a quasar). They concluded that the shock started with a neajiyy the end of the ejection of the filamentary material and the
constant speed stage and was followed by a decelerating stag@nges in the magnetic field of the arcade. If magnetic recon-
Kozuka et al.[(1995) suggested that the nearly constant spaggtion occurred, then it appears to have occurred first in the
shock was driven by a high-speed stream emanating from Hi§ith end of the arcade and then in the south end of the arcade.
transient coronal hole. Note, however, for this event the trafipe changes in the magnetic field extend beyond the immedi-

sient coronal hole was not apparent immediately at the time gk vicinity of the flaring arcade to include the creation of open
the start of the flare, but6 hr afterwards. Thus the shock aspagnetic field regions nearby.

sociated with the flare probably started within several minutes
of the impulsive phase (which is the typical time interval which _
metric Type Il bursts follow Type Ill bursts [one signature of. Conclusions

flare primarhy_ e_nelrgy rt;—.;lefase] 25 seen ir? solar radio SpeCtrlohﬂithis paper we have presented observations and analysis which
ograms). This is long before the time the transient coronal Wag,e | new features and details in the evolutionary sequence of
seen. Watanabe et al. (1992) argued that the formation of [ng filament activation and eruption process

transient coronal hole in this event destabilized the filament re- 1 . b0 ~tions presented here show a soft X-ray filament
su_ltmg n the fllament eruptpn and flare. I_—|owever, the data fgbparently lying low under alarge arcade of loops some 10-20 hr
this event indicate that the filament eruption occurred long B¢ .« the 4 filament becomes activated. The apparently low-
fore the appearance of the tran_s lent corona] hole. Itis possi ﬁ‘ng soft X-ray filament is found to be co-existent and partially
that the transient coronal hole did occur earlier but was not S&1spatial along the line-of-sight with a dark He I 1083 nm fil-
because its location near to the east limb means that emissA ntary structure which we take as a proxy for the drk

from (.)ve.r!ying field lines CO.UId have ‘masked’ its appearancgiament. The soft X-ray images also show the disappearance of
The_z significance of the creation of these openmagnetic field lipe, apparently low-lying soft X-ray filament and the appearance
regions and whe_ther they have any association W't.h meter waye bright linear feature under a brightened arcade of ‘distorted’
Type Il bursts or interplanetary shock associated with flares s [) s. This linear feature appears at the same time théila+

remain open questlor]s. TranS|ent corqnal holes do appear t tbecomes activated. The elevated linear soft X-ray structure
closely associated with filament eruptions, soft X-rgy .arcf"‘df%sco—spatial, along the line-of-sight direction, with the elevated
of loops and flares. However the nature of the association is RO yark filament. Both the apparently low-lying and elevated
fully understood at the moment. linear soft X-ray structures might be part of the filament heated
to soft X-ray emitting temperatures and densities or a distinct
5.6. Possible scenario structure such as an envelope, a core, or a separate filament.
We interpret the bright elevated linear soft X-ray feature as the
The soft X-ray images for this event together with Hata seem elevation of the apparently low-lying soft X-ray filament. The
to indicate the following possible scenario for the sequencemferlying loops showed an increase in temperature and emis-
events. The K dark filament initially lies low under the arcadesion measure at the start of the activation of the filament.
of loops. Later a soft X-ray filament is seen, which may be dghortly before the soft X-ray flare (indicated by a steep rise
to heating of part of the H filament or from a separate magnetién the GOESflux) we observe apparently cusped-shaped soft
structure. Due to the destabilization of the magnetic field of tixeray loops without the elevated soft X-ray feature. These ob-
arcade by a parasitic polarity emerging flux region theddrk servations can be interpreted as the activation and eruption of
filament (and the soft X-ray filament) rise and push against, libe filament seen in soft X-rays. Moreover they show that, rather
remain contained below, the overlying loops. The interaction tifan viewing the filament and overlying arcade as part of a sin-
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gle structure, they should be considered to be semi-independ&®3 nm spectroheliogram data are courtesy of the NSO, Kitt Peak,
structures that can interact with each other. This is an import&tgA.
observation that theoretical models should incorporate in future.
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