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Abstract. We have analysed two Long Duration solar Eventsngoing magnetic reconnection (e.g. Kopp & Pneuman 1976).
(LDEs) which produced large systems of Post Flare Loop$fie newly formed hot loops cool down to appear eventually as
(PFLs) and which have been observed by Yohkoh and grouttlx loops. Some developments of theoretical models taking into
based observatories. Using the Maximum Entropy Methedcount the evaporation process or siphon mechanisms can ex-
(MEM) image synthesis technigue with new modulation paplain the long duration of these phenomena (Cargill and Priest
terns we were able to make hard X-ray (HXR) images of tH®983, Forbes and Malherbe 1986, Forbes and Acton 1996). Sev-
post flare loops recorded in the L Channel (13.9-22.7 keV) efal authors including Moore et al. (1980) and MacCombie and
the Yohkoh Hard X-ray Telescope. We obtained co-aligned 2Rust (1979), conclude that the Kopp and Pneuman model fits
maps in Ry (10* K), in soft X-rays (5<10° K) and in hard X- well with the majority of their observations.

rays (20<10° K). We conclude that the soft X-ray (SXR) loops  Schmieder et al. (1995, 1996) and van Driel-Gesztelyi et al.
lie hlgher than the | |00p3 and the former are overlaid by(1997a) have recenﬂy observed coal }d)ops of an LDE using
HXR emission. This is suggestive of the magnetic reconnectiggta from several ground based instruments and hot loops (X-
process. However some details are not consistent with the St@fys) with the Yohkoh spacecratft. They found that the cool loops
dard models. Firstly the separation between the HXR souligetangentially below the hot loops and rise with a velocityof
and the SXR loop increases with time, with the HXR sourcekms-! upwards. They also observed a triangle of hot plasma
being approximately a factor of five larger than the equivalegi the top of the hot loops, which is indicative of a reconnection
source in impulsive flares. Secondly the cooling times deduc}gq)cess (e.g. Forbes and Malherbe 1986).

from observatio_ns are Ionger than the_the_o retically ex_pected Yohkoh observations have provided evidence that magnetic
ones and the d!scr_epancy increases with time. We review p%%onnection at a neutral sheet located at the looptop may be
current models in view of these results. responsible for the energy release in some flares (e.g. Tsuneta
etal. 1992, Masuda et al. 1994, Tsuneta 1996). A detailed study
by Tsuneta et al. 1992 showed the following characteristics of
an LDE: the looptop region has a cusp-like structure, the outer
loops have a higher temperature in the decay phase and the
1. Introduction apparent height of the loop and the separation of the footpoints
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. _ _iﬂcrease with time.
Long Duration Events (LDEs) are generally associated with . K | b died the f ; b
large well developed systems of loops called post-flare Ioopﬁisvest aetal. (1987b) studied the flare of 6 November 1980

which are observed at different temperatures ranging from 1§111ch was observed by the HXIS and FCS instruments on board
to more than 10K. These post-flare loops expand, lasting e Solar Maximum Mission (SMM) permitting observations of

to 10 hours (e.g. Bruzek 1964). The velocity of ascent of the loops in five diffe_rent temperature regions iron Hb Fe
loops decreases with time from 10-20 knhsto less than 1 XXV (HXIS). The height of the loops was found to increase

kms™! (e.g. Pneuman 1981, Bray et al. 1991 and referen -

e%éh successively higher temperatures. They emphasised that
therein). This process of expansion is believed to be duelfls time for the td loops to appear at the same height as the

X-ray loops was more than one hour whereas the cooling times
Send offprint requests tb.K. Harra-Murnion derived from the measurements of temperature and density pre-
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dict only two minutes. This discrepancy increased with timéhis source is higher than the soft X-ray loop4yl0” and is
From these results they concluded that the newly formed Hotated at higher altitudes for images with higher energy. The
loops must shrink to lower heights before they are seendn Hooptop source exists temporally on the order of a few minutes
due to an enhancement in loop density from evaporated matad has a size of 5-10 . There are many difficulties involved
rial — the gravitational forces will cause the loops to collapseith carrying out a similar analysis for LDES to that carried out
Svestka (1996) also discusses the discovery of two sepafatethe compact flares discussed by Masuda. The problems are
structures which develop following the flare 21-22 May 198@iscussed briefly by Sato et al. (1996), where they have anal-
— the standard post flare loop system and a much higher sgaed an LDE using a new technique which enables HXT image
structure which was visible i 3.5 keV for more than 10 hours synthesis of larger HXR sources, and the construction of im-
and was named post-flare giant arch. The giant arches have @ges in the decay phase of flares. Sato (1997) has accurately
stant speed whereas the post-flare loop system normally hasgmated the instrumental response function and improved the
decreasing speed. The giant arches have also been obsedrX@image synthesis procedure. The source sizes of the events
by Yohkoh.Svestka’s interpretation is that the post-flare looghat were analysed are more than 1 arcmin. He finds that the
systems start with the Kopp and Pneuman process and in laeghtest core of the HXR source is sometimes co-spatial with
stages the loops can be heated continuously. and sometimes above the soft X-ray looptop region. The shape
Although there has been much support for the reconnectioithe HXR source is indicative of a high temperature cusp re-
model with various modifications, there are a number of pgion tracing an arcade of loops.
pers which disagree with these conclusions. Seely & Feldman The purpose of this work is to analyse LDEs which have
(1984) use CHIX spectra from the Bragg Crystal Spectromgood coverage in HXR, SXR anddH It was also necessary to
eter SOLFLEX on the U.S. Air Force P78-1 spacecraft. Thdyave HXR imaging capability. This was the most difficult aspect
have determined that the &X emission region rises with ve-since it is vital to have good quality HXR images beyond the
locities between 20—40 kms$ following the peak of emission, peak of the flare. We study two LDESs - one on the 28 June 1992,
and reaches an altitude of 30,000-40,000 km. There are mduch is one of many large flares in active region NOAA 7205
ticeable irregularities in the height measurements, which th@san Driel-Gesztelyi et al. 1997b), and the 2 November 1992
suggest are due to transient heating events or confinemenéwent, which was one of the flares analysed by Feldman et al.
plasma. Feldman and Seely (1995), have made use of Sky(a895). For these events we have determined the altitudes of not
and Yohkoh observations and concluded that there is no redaly the Hx and soft X-ray loops, but also the heights of the hot
tionship between the hot and cool loops and the cool loops slaurces determined on the basis of HXT observations using the
not necessarily lie below the hot loops, hence the chosen ma@ehnique developed by Sato (1997). This provides an insight
should not depend on the appearance of cool loops below o the physical process which maintains emission for more
loops. Feldman et al., 1995 analysed two LDEs in detail concehan eight hours.
trating on their morphology and plasma parameters. The plasma
pressure is found to be greater at the bright region near the loop-
top than in the loop legs. Despite the difference in pressure Be/Nstruments
tween the two regions, the bright looptop region stays confingd, vonkon
for a number of hours. This observation is in contradiction with
numerical simulations of the chromospheric evaporation modeir this analysis we make use of two of the instruments on board
leading us to the conclusion that the hot material would cool Bfphkoh —the grazing incidence soft X-ray telescope (SXT) and
conduction and radiation on the order of minutes. They suggtst hard X-ray telescope (HXT). SXT has been described in
that the bright region is not a single heated plasma region, loigtail by Tsuneta et al. (1991). It is sensitive to X-rays in the
rather is a large number of small bright regions continually renergy range 0.25 — 4.0 keV. Our data were obtained in full
generated by some, as yet unknown, process. They do not reolution mode (pixel size = 2.4Bwith 64 x 64 pixel field-
out the standard reconnection models, but expect changes indheiew in FLARE mode.
magnetic configuration in which energy release should occur. The Hard X-ray Telescope (HXT), described by Kosugi et al.
The maximum X-ray energy which has been observed (h991), is a Fourier synthesis imager of 64 elements. It employs
post-flare loops is 8—11.5 keV from HXIS on SMM. One aspeétchannels covering the range 15 keV — 100 keV with a time
which has not been analysed in detail is how the higher tempegsolution of 0.5 seconds. The images were synthesised using
ature component rises with time. Does it rise with the same vibe Maximum Entropy Method (MEM) with the new instru-
locity as the soft X-ray (SXR) source? A detailed analysis of thigent response function and revised MEM algorithm including
previous hard X-ray (HXR) sources of compact flares showsystematic variations as described by Sato (1997).
indications of magnetic reconnection (e.g. Masuda et al, 1994).
This appears in th<=T form.c_)f a hard X-ray source lying abO\Ez_ Ground-based
the soft X-ray loop, in addition to two hard X-ray sources at the
footpoints. The looptop source is believed to be either the recdtor the 28 June 1992 event we used WagcHata obtained in
nection site or the site where the reconnection outflow impingds: by the Small Coronagraph (pass ban%i)Sthe Large Coro-
on the higher density soft X-ray loop. The centroid position afagraph (pass bands 0dsand 35\) and the Solar Horizontal
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Table 1. Times of the flares and of the observations obtained by GOES, GOES X—Rays:
SXT and ground-based observations (GBO). 1E=37 77" e IS Y

“~l L L 7

28 June 92 2 Nov 92 X L = LA
Position N1IW S26W / / /
Flare time 04:45-13:00 02:45-18:00 \ : ;
Flare max 05:05 03:04 / L v
GOESclass X1 X9 s v
HXT obs 03:51-04:50 02:59-03:25 C Vo

05:28-05:56 04:37-05:38 /
SXT obs 03:51-04:50  03:04-03:35 B DL

05:28-05:56  04:41-05:38
GBO obs 04:02-09:19 04:22-05:24
05:26-14:58  03:37-06:43
07:34-13:27
a—Wrochw Large Coronagraph (band path é)Sb— Bialkov horizon-
tal telescope (band path 005 Wroclaw Solar Horizontal Telescope
(pass band O.é) c— Wroclaw Small Coronagraph (pass banﬂ)B d-
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2 7Y

06:00 08:00 10:00 12:00
Start Time (28—Jun—92 04:30:04)
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Telescope (pass band 0. The event of 2 November 1992 y |i4= > 4 4 o) / L s / /

was continuously observed in many observatories in Japan (Hi- A\ / 4 / / / S / /

raiso, Mitaka, Hida, Norikura). We used data from the Solar / ANV RS /

Flare Telescope in Mitaka which observed inHand the a / / Y / A s

Solar Telescope in Hiraiso (Akioka, 1996). c R A s
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3. Observations B b Lo L 7 R S M &N
g B2 ’ 2

We have selected two LDEs which are well observed im H SRRV I S BNV YRy S /

hydrogen line as well as soft and hard X-rays. The times and” / SIZ ARV IR SRS / SERZ ARy

sources of the data analysed are depicted in Table 1. Both events . / S v ; S / / Y

are limb flares and large systems of post-flare loops developé%l’
within a few hours of the flare initialisation.

Fig. 1 illustrates the GOES (Geostationary Orbiting Envi-
ronmental Satellites) data for both events. Both flares reach B 1 The top panel shows the X-ray emission as recorded by the

tremely high GOES class - the 2 November event being OggES 1-8A channel (top curve) and the 0.5—430channel (lower

of the largest flares observed by Yohkoh, saturating the GOE§V9) for the LDE on the 28 June 1992. The lower panel shows the

data. same plot for the 2 November 1992 LDE. The shaded areas illustrate
Both flares have similar profiles in that the impulsive phasge times when the Yohkoh spacecratft is in night mode.

is short and the decay phase lasts many hours. This is typical of

the behaviour of LDEs. Figs. 2 and 3 show the HXR light curves

for both events. Typical hard X-ray bursts last on the order of@esztelyi et al. (1997a), Malherbe et al. (1997) and Moore et

few minutes. In these two examples the time profiles of the haatl (1997). By the time the LDE on the 28 June 1992 occurred,

X-rays are smooth and survive approximately an hour in bo#fR 7205 was= 4° behind the limb and only post-flare looptops

cases in all HXT channels. Images could be obtained only in tvere visible. The development of the loops was followed for

L channel (15-24 keV). In the following sections we discuss ttiearly 11 hrs with the Wroalw solar instrumentation.

details of both flares separately, including any previous relevant Yohkoh/SXT was observing for only a few minutes during

work. the impulsive phase of the flare, and then after 10:17 UT, in

the decay phase, observations are again available (see Fig. 1).

SXT observed using 2 filters (Al1 and Be). The data have been

reduced using the standard Yohkoh software. The SXT and H

Many large flares occurred in active region NOAA 7205, arichages have been carefully co-aligned - the results are shown

have subsequently been studied in detail by van Driel-GesztetyFigs. 4 and 5.

et al. (1997b). The latter paper describes how shear and emerg-Using the new MEM image synthesis technique we obtained

ing flux can be responsible for such large events inspot HXR images from the L channel. These are shown along with

region. One of these events (25/26 June 1992) has already tberSXR images in Fig. 6. Unfortunately the Yohkoh SXT was

intensively studied by Schmieder et al. (1995, 1996), van Drigleinting at a different active region prior to 05:34 UT. The HXR

03:00 06:0 09:00 12:00 15:00 18:00
Start Time (02—Nov—92 02:01:00)

3.1. 28 June 1992
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Fig. 3. The light curves from the HXT in all 4 channels for the LDE
Fig. 2. The light curves from the HXT in all 4 channels for the LDEon the 2 November 1992. There is significant HXR emission in all
on the 28 June 92. There is significant HXR emission in all channelsannels lasting for several hours.
lasting for more than one hour.

tion. Calculating the gas and magnetic pressures they find that
images show several sources. The trend is for the source tdlie gas pressure exceeds the magnetic pressure, suggesting that
slightly above the SXR structures with part of the HXR strudhe magnetic field is not strong enough to confine the hot plasma
tures lying on top of the SXR structures. This is consistent wigs rigidly as is commonly assumed in theories. However, they
the results of Sato (1997). find that the geometrical and temporal relationship between the

hot and cool plasma are consistent with the standard scenario

of successive reconnection towards the higher corona.
3.2. 2 November 1992 Co-aligned Hv and SXR images are shown in Figs. 7 and
The flare occurred in active region NOAA 7321 which is alreads at 04:49 and 05:37 UT respectively. We see clearly that the
behind the limb by~ 3° at the start of the eventy{ 02:30 coolloops lie tangentially below the soft X ray loops. As for the
UT). We have also used the ground-based observations mad@drune event, we also produced HXR images in the L channel.
Mitaka and Hiraiso. We have observations for a few hours afféhese are shown in Fig. 9. The bulk of the HXR source lies above
the impulsive phase of the flare showing the developmenttbe SXR loop structures. The source appears to grow larger as
post-flare loop systems. Some preliminary analyses have btigre progresses. This is also apparent in Fig. 9 where more
published (Ichimoto et al. 1994, Harra-Murnion et al. 199Bources appear with time. The source is larger than the compact
Feldman et al. 1995). flare sources discovered by Masuda et al. (1994). In the case of

Feldman et al. (1995) concentrated on the morphology aff¢se LDEs it can be on the order of 20 — 4Bompared to the
plasma parameters of this flare. They discuss the region at thel8p in the compact flares.
ofthe loop whichisinitially circular{ 20,000 km), and lasts for
several hours, finally becoming elongated. They argue that ﬁ]
confinement of this bright looptop for such along period of time’
is in disagreement with current models, particularly numericBbr both events, the footpoints are hidden behind the limb. We
simulations of chromospheric evaporation. measure the altitude from the limb to the top of the loop. We did
Ichimoto et al. (1994) have analysed this flare using X-ragpt apply corrections for rotation since the locations of the foot-

Ha and continuum data. They looked at the geometrical relgeints are uncertain. So the altitude and velocity measurements
tionship between the X-ray source and the sburce and cal- will be slightly affected but this is however insignificant rela-
culated the energy balance. They noted that the X-ray imagdiee to the size of the error bars (rotation produces an errer of
show less distinct loop structures than the &hd commented 1,000 km for the altitude). In the case of the SXR images where
that this must be a physical effect and not due to lack of resothe looptop is not distinct we chose the maximum intensity of

eAltitude measurement
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Fig. 4. The top panel shows the SXT image in the thin Al filter at 05:4Rig. 5. The top panel shows the SXT image of the 28 June flare in the
UT on the 28 June 92 with theddimage overlaid as contours. Thethin Al filter at 11:11UT with Hx contours. The image size s 160
image size isz 160 x 160 arcsecs. The W limb is visible. The lowerx 160 arcsecs. It is clear that within a few hours both loops systems
ganell shows the &image. Itis clear that the ddloops lie below the have risen significantly. The lower panel shows theirtage at 11:11

XR loops. uT

the looptop. This area is generally confined to a circular brigie measure only one loop as indicated by the arrow in Fig. 6.
region as discussed in Feldman et al.(1995). We measure dhig not possible to follow the HXR image for a long period of
one section of each loop system - this is illustrated by arrowstime due to the poor count statistics later in the event. The HXR
Figs. 5 and 7. To measure the HXR sources we concentratesonrce does appear to rise with time in this case but slower than
the region above the SXR loop of interest. Since the statistitee SXR loops.

of the signals of the images are relatively low we measured the Atthe beginning (just before 06:00 UT) the height difference
peak centroid region and the area around this region which viesery small between the SXR andwHbops. Some hours later
within 75 % of the peak. From these measurements we obtaired at around 11:00 UT, the higher stretched loops displayed a
the error bars as shown in Figs. 10 and 11. The error bars lfamger height difference between the cool and hot loops. There-
both the SXR and H loop altitudes are assumed to be 2 pixeldore the time difference to cool from X-ray talHoops is longer
later in the event. We are only able to measure the HXR source
for 30 minutes at the beginning of the rise of the post-flare loop
system. Initially both the SXR andddloops rise at speeds of
The time-altitude diagram (Fig. 10) shows that the height diffe8:2 and 2.2 kms! respectively. At the end of our observations
ence between theddand X-ray loops is increasing with time.the velocity has fallen to 0.3 and 0.1 kmisrespectively. The

4.1. 28 June 1992
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Fig. 6. This illustrates a raster of SXR images, with the L channel HXF
images overlaid as contours for the flare of 28 June 1992. The 75
and 50 % contour levels are shown. Arrows indicate the loop studie
The image size isz 160 x 160 arcsecs.

average velocity of the HXR source4s 2 kms™!. The error

bars on the HXR source height measurement are large due to
large spatial extent of the source. We are only able to produ
synthesised HXR images for the L channel (14-23 keV), whic [
is not strictly non-thermal, but will have a thermal contribution [
We measured the temperature using the ratios from the L (1
23keV)/M1(23-33 keV), and obtained a value of between 19
26 MK. The bright SXR looptop region during the same tim§-h

. . - . ig. 7. The top panel shows the SXT image of the 2 Nov flare in the
period had a temperature of 810 MK using the ratio of the éegfilter at 04:49 UT with the & image overlaid in contours. The W

and thick Al filters. The SXT filter ratio technique is describe b is visible. The lower panel shows thesHmage. It is clear that

in detail by Hara (1992). the Hx loops lie below the SXR loops.The image size[i266 x 266
arcsecs.

4.2. 2 November 1992

Fig. 11 shows the altitude measurements for thgHiraisoand and thick Al). Our measurements concentrate on the tops of the
Mitaka) the soft X-ray (SXR), and Hard X-ray (HXR) structuresoops.

The structure that was measured is indicated by an arrow in Fig. The critical parameter in determining the cooling time is
9. Inthis case the SXR andHise with time with speeds of 5.4 —the density. The area can be measured from the images, but
1.1and 4.8-1.1kms respectively. The HXR source rises withan estimate for the depth has to be made. We made the same
a speed of approximately 3 kms Itis obvious from the figure assumptions for both flares. We assumed that the area is all
that the SXR and HXR emission move further apart as timgxels greater that 0:5Intensity,,.... Since we cannot measure
progresses. The temperature of the SXR and HXR sources Wekedepth directly we assume a valug,Grea. This will give an
measured in the same way as for the 28 June event; the valygser limit to the depth and hence a lower limit to the density.
range from 8.5-10.5 MK and from 17-27 MK respectively. As discussed in Cargill et al. 1995 the values of the cooling
times are sensitive to the density. Table 2 illustrates the affect of
the depth assumptions on the cooling time for the 2 November
flare at 03:50.

To determine the cooling times we measure the temperature andCargill et al. (1995) give an analytic solution to the problem
emission measure from SXT using the filter ratio technique (B¢ the cooling of hot loops which assumes that during the evo-

5. Cooling times
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2-NOV—92 0324 2-MNOV—-92 Q4:47Z
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2-NOV—92 0521 2-NOVY-92 Q&:11%

Fig. 9. This illustrates a raster of SXR images, with the L channel HXR
images overlaid as contours for the flare of 2-Nov-92. The 75 % and 50
% contour levels are shown. An arrow shows the area of the loop system
which we concentrate on. The image sizeZi460 x 160 arcsecs.

6.0x10%

5.0x10%

Altitude /km

Fig. 8. The top panel shows the SXT image in the Be filter of the 2

Nov flare at 05:37 UT with the H image overlaid in contours. The 2 0x10
lower panel shows the ddimage. It is clear that within a few hours

both loop systems have risen significantly. The image size266 x 1 ox10%+
266 arcsecs.

n 1 n n 1
06:00 08:00 10:00 12:00
Start Time (28—Jun—92 05:33:58)

Table 2. The affect of varying the depth on the cooling time on the 2

November flare at 03:50.T. using the method of Cargill et al. 1995. Fig. 10. The altitude of the SXR (crosses)aHopen diamonds) and

HXR L channel (asterisks) for the 28 June 1992 event. Since the HXR
source in not symmetrical and extended, the error bars were determined

Depth (km) 10,000 20,000 30,000 40,000 50,000

Volume (1G%cm®) 2.2 44 67 89 11 by tak ithin 75% of th K h i th
Density (1G°cm‘3) 75 53 43 37 33 S))/(It::;i |ng a range wit |nd75/;>302t g plea contour. The errors in the
Tooor (MINS) 33 37 38 40 41 and Hy are assumed to be 2 pixels.

lution of the flare, conductive cooling initially dominates wittdetermined at 2 times for the 2 November flare. The calculated
radiative cooling taking over later on. The observed cooling ting@oling times are within the range of the observed cooling times
was deduced from the altitude plots of X-ray and ldops. At for both times. A similar analysis was carried out on the 28 June
any given altitude the horizontal distance (along the time axit992 LDE (Table 4).

between the X-ray and d&lloop gives the time necessary for  Previous observations have found that there is good agree-
a given hot loop to cool down and appear ia.HA range of mentbetween the theory and observed cooling times early in the
values is given for the observed cooling time to account for tfflare decay, but that the discrepancy tends to increase late in the
errors in measuring the altitudes. Table 3 illustrates the valudecay phase (e.g. van Driel-Gesztelyi et al. 1997a, Wiik et al.
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HXR L channel (asterisks) for the 2-Nov-92 event.Since the HXR &
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Table 3. Cooling times calculated and observed for the 2 November
48 ¢ ] event using an initial temperature of 15 MK.
04:00 05:00 06:00 07:00 08:00 09:00 10:00
Start Time (02—Nov—92 03:04:54) Time Log (EM) Ne Semi Obs Calc
uT cm®  length (km) T. T.
03:35 50.1 34107 3.1x10° 0—-42 41
20 1 0536 493 k10 52x10' 25->110 80
< 15 * Table 4. Cooling times calculated and observed for the 28 June event
> + 1 using an initial temperature of 8 MK.
e i
2 10 - - . . . Time Log (EM)  Ne Semi Obs  Calc
* - ] uT cm~2  length (km) T. min T.min
. ] 05:33 496 24107 2x10" 2590 32

10:51 48.1 2.210° 5.5x10' >100 73

04:00 05:00 06:00 07:00 08:00 09:00 10:00
Start Time (02—Nov—92 03:04:54)

Fig. 12.The Emission Measure (EM) and Temperature as derived frddn Discussion and conclusions

the filter ratio technique using the Be and thick Al filters for the 2 )
November flare In this paper we have analysed two LDEs, not only in &hd

in soft X rays as the previous studies have done (Schmieder et

1997). In 28 June case, later in the flare, the calculated valgés(lggs’ 1996), van Driel-Gesztelyi et al. (1997a)) but also in

ard X-rays.
are less than the observed values. There are several explana |on's_‘r m the two events that we studied in detail we observ
for this difference. There are uncertainties in the calculationﬁ’f 0 € wo events that we studie ctall we observe

the electron density and also the methods of calculation. F at th_e (?IOOI and EOIt Ioops_tﬁrt(; C(;(nnec:ed n IS(_)me \k;vay. ;I'hhey
thermore, field line shrinkage is one possibility, as discusse gve similar morphology wi € A-ray loops lying above the

Svestka et al. (1987b) and additional heating of the loops duri'ﬁ%oI Ha Ioops. Some loops .W.h'Ch. appear imitdo not have a
the cooling process would extend their cooling time. carresponding X-ray loop visible in SXT images. This occurs
because they are not hot enough or the emission measure is

too small to be seen above the SXT intensity threshold. We
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do not however see the jumps in altitude which Feldman aretonnection process is sporadic it follows that the velocity of
Seely (1995) predict from the reconnection model. In fact thiee rising reconnection site need not necessarily be the same as
reconnection process can be smooth and continuous. the SXR loops and theddloops.

We found the calculated flare cooling times to be consistent Shibata (1997) has discussed the possibility of a plasmoid
with those deduced from observations for the first few hours inteduced reconnection model in which plasmoid ejection is the
the decay phase, but the calculated cooling times were long&in trigger for reconnection. He discusses the possible dif-
than the observed late in the flare decay phase. This was fofgrénces between HXR looptop sources observed in impulsive
for the cooling times calculated by Cargill et al. (1995) whicflares and those observed in LDEs. He expects the HXR source
tend to be longer than the cooling times determine&bgstka in impulsive flares to lie high above the soft X-ray loop due to
(1987a). The results indicate than an additional source of heéie larger inflow velocity producing faster reconnection. Subse-
ing, for example, is required late in the decay phase, or an inquently the MHD fast shock is produced above the SXR loop.
provement in the method of cooling time calculations. However in the case where the inflow velocity is slow the re-

Various observational evidence support the hypothesisasfnnection is slow and hence the fast shock is created at the
magnetic reconnection as the main energy source. One of 8R loop. In our events we observe the HXR source to over-
observations supporting this is the evidence of HXR sourdég slightly with the SXR loop but still lying above it, which
lying above the SXR loops (Masuda et al. 1994). These wdgeconsistent with the predictions of Shibata. However there is
observed in compact flares only. Due to the work carried out B¢ discussion in the work on how the HXR source would be
Sato et al. (1997) in recalibrating the HXT instrument, we agxpected to rise.
now able to study the HXR sources of LDEs. For the two cases The idea of turbulence to maintain the high temperatures
we have studied we find that the L channel HXR source liggached during the impulsive phase of flares was discussed by
above and slightly overlapping the SXR loops. The L chann&ikimiec (1990). The regions of energy release in a high den-
of HXT has two components —one thermal and one non-therngity, turbulent volume (post-impulsive phase), can occupy most
However this source is indicative of a higher temperature regidgithe hot plasmavolume, and supply sufficientenergy release to
We have as yet been unable to carry out a similar analysis @plain the plasma heating and maintenance 20 MK. Tom-
the higher energy channels. The extended HXR source is maiaak (1997) observed the impulsive phase of an arcade event.
tained for amuch longer time period than the compact sourcesi@ finds that there was more than one location of energy release
impulsive flares. The compact sources exist for several minu@éshe looptops. He relates this to Jakimiec’s model in which the
while the LDE HXR sources last many tens of minutes. Thenergy release occurs in turbulent regions - the electrons are
source size of the LDE HXR source is larger than impulsiv&ccelerated in this region to energie®0 keV. We observe the
flare HXR sources by a factor of approximately 5. same behaviour for the looptop, with several HXR sources ap-

Itis also interesting to note that the HXR sources exist cloggaring along the top of the arcade well into the gradual phase.
to the SXR loop. As time progresses the HXR source and the In summary, our observations illustrate the complexity of
SXR loop become further apart. Since the HXR source is dke behaviour of post-flare loop systems. It is found that the
tended it is not possible to determine accurately the speed of #e@aration between the HXR source and the SXR loop tends to
change involved. From the Kopp and Pneumann picture it migrease with time. A number of present models are consistent
be expected that the SXR loop and the HXR source (recoffith our observations. To narrow the process further we intend
nection point’) would rise simultaneously. Another possibilitjo extend this work to the UV wavelength region using data
is that we are observing a section of a hotter loop structure figm the SOHO mission. Also the upcoming High Energy Solar
this is the case then the differences in the relative positions@ectroscopic Imager (HESSI) will have a high sensitivity and
the structures could be due to field line shrinkage as sugged@#@e dynamic range which will be capable of covering from the
by Forbes & Acton (1996). Recent modelling work by Karperpeak of the flares well into the decay phase.
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