Astron. Astrophys. 317, 223-231 (1997)

ASTRONOMY
AND
ASTROPHYSICS

The impulsive phase of the arcade flare of 28 June 1992, 14:24 UT

M. Tomczak

Astronomical Institute, Wroctaw University, Kopernika 11, PL-51-622 Wroctaw, Poland (e-mail: tomczak @astro.uni.wroc.pl)

Received 5 January 1996 / Accepted 22 April 1996

Abstract. Yohkoh Soft X-Ray Telescope and Hard X-Ray
Telescope observations of an M 1.6 limb flare of 28 June 1992,
14:24 UT have been analyzed. The flare occurred in a mag-
netic arcade. Basic observational characteristics of soft and
hard X-ray emission for this flare have been compared. Excel-
lent examples of impulsive soft X—ray brightenings have been
found. Velocities of the chromospheric evaporation have been
estimated directly from the SXT images. Derived values 460—
750 kms~! are consistent with previous spectral observations,
but greater than results of standard theoretical models. Two sep-
arated places of simultanous energy release at the top of the
arcade have been found. These places showed a different be-
haviour but clear connection. The location of the low-lying hard
X-ray emission sources above the footpoints of the arcade has
been explained as a result of a magnetic field convergence. The
importance of the impulsive soft X-ray brightenings in inves-
tigation of the precipitation of non-thermal electrons has been
emphasized.
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1. Introduction

Investigation of the spatial structures of solar flares is still fruit-
fully in progress. The Japanese satellite Yohkoh (Ogawara et al.
1991) has been providing plenty of new data from two imag-
ing instruments: Hard X—Ray Telescope (HXT) and Soft X—Ray
Telescope (SXT). The HXT (Kosugi et al. 1991) records images
in four energy bands, 14-23-33-53-93 keV, with an angular
resolution > 5 arc sec and a time resolution up to 0.5 s. The
SXT (Tsuneta et al. 1991) produces images using five broad-
band filters over a range of energies between 0.28 and 4 keV,
with a pixel size 2.45 arc sec. The time resolution is 2 s per
image, or 10 s per repetition of any particular filter.

One of the most important results of Yohkoh mission is a dis-
covery of impulsive soft X-ray brightenings during an impulsive
phase of flares (Hudson 1994). First report (Strong et al. 1994)
showed that such kind of emission is located at the "footpoints*
i.e. at the entrance of magnetic coronal structures into the lower

part of the solar atmosphere. Authors emphasized good tempo-
ral and spatial correlations between soft X—ray brightenings and
hard X-ray bursts. Their survey of 14 flares suggested that al-
most each flare with a well-observed impulsive phase shows
impulsive soft X-ray brightenings.

A physical interpretation connects the impulsive soft X-ray
brightenings with the chromospheric evaporation model (Hud-
son et al. 1994). Observed brightenings have relatively low-
temperature (less than 10 MK) thermal spectra. The authors
concluded that such emission comes from material heated by
precipitating electrons at loop footpoints and evaporating from
the deeper atmosphere into the flaring flux tube.

The 28 June 1992, 14:24 UT flare gave an excellent oppor-
tunity for an analysis of the impulsive soft X—ray brightenings
in a long-duration arcade event. First, it was a limb flare which
allowed me to study its vertical structure. Second, this flare had
a well-marked impulsive phase that consisted of several distinct
hard X-ray bursts. Third, during the whole impulsive phase the
SXT provided a high time resolution sequence of unsaturated
images.

In Sect. 2 I present an analysis of the SXT data: a mor-
phology of a flare magnetic structure, details of the impulsive
soft X-ray brightenings. Results of HXT image synthesis are
given in Sect. 3. A comparison between the SXT and the HXT
images is described in Sect. 4. In Sect. 5 I interpret and dis-
cuss the reported observations. In Sect. 6 I summarize the basic
conclusions of my paper.

2. The SXT observations

The analysed flare (GOES class M 1.6) occurred in NOAA Ac-
tive Region 7216 on the east limb, the N15 latitude. The maxi-
mum of this flare in the GOES 1-8 A band was reached at about
14:24 UT. The flare occurred in an arcade of magnetic loops
that was observed from one side (Tomczak 1994).

I identified at least seven legs that foopoints are labelled
F1, F2, ..., F7 respectively, in Fig. la. The tops of the loops
converged into two places K1 and K2. These places became
the brightest in the whole arcade after the impulsive phase
(Figs. 1c—d). Such a scenario resembles the evolution described
first by Acton et al. (1992) and confirmed in the case of arcade
flares by Feldman et al. (1995). The northern loop-top emission
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Fig. 1a—d. A mosaic of four SXT/Al12 im-
ages illustrating the evolution of the 28 June

1992, 14:24 UT flare. Each image consists
of 50x50 2.45 arc sec pixels and has its
own scale of brightness based on the bright-
est pixel. North is at the top, east — on the
left. Continuous curves represent the solar
east limb and the latitude N15. a An image
made at 13:52:16 UT, about 3 minutes be-
fore the beginning of the impulsive phase.
The more characteristic features of the flare
morphology have been marked. b A frame
taken at 13:56:30 UT, just before the time
of the strongest hard X-ray burst. ¢ The im-
age recorded at 14:01:08 UT, on the rising
phase of the flare after the impulsive phase.
d The frame made at 14:25:08 UT, during a
soft X—ray maximum.

kernel K1 was definitely brighter than the southern kernel K2
and had five legs (1-5) mostly brighter than the legs 6 and 7
coming out of kernel K2.

The footpoints of two legs of the arcade (F2 and F7) seemed
to be partly obscured by the limb, and five others footpoints were
visible on the disk. This confirmed an exactly limb location of
the loop-top emission kernels and allowed me to obtain their
heights precisely. Also the Ha flare history of the AR 7216
shown that the passage through the E90 longitude occured dur-
ing the period of the analysed flare. At the beginning of the flare
the kernel K2 was about 4.8 x 10* km height, and the kernel
K1 was about 4.3 x 10* km height. During the flare evolution I
observed a gradual decrease of the height of the kernel K1. Its
height around the maximum of soft X—ray intensity was about
3.2x 10* km only. During the whole flare evolution the height
of the kernel K2 was approximately constant.

The impulsive phase of the investigated flare lasted about
five minutes between 13:55 and 14:00 UT. The 25-50 keV light
curve recorded by the Burst and Transient Source Experiment
(BATSE) instrument (Fishman et al. 1989) onboard the Comp-
ton Gamma Ray Observatory (CGRO) showed three main and
several weaker bursts (Fig. 2a). The main bursts reached their
peaks at 13:55:40 (I), 13:56:47 (II) and 13:57:40 UT (III) re-
spectively.

During the impulsive phase each footpoint of the identified
legs showed an impulsive soft X—ray brightening (Fig. 1b). This

Table 1. Number of SXT/A112 pixels reaching the peak of brightness

Footpoint Burst
I E I a w

F1 10 1 23* 18

F2 6 - - - -
F3 1 - 9 2 -
F4 6 - 2 2 9
F5 - 12 7 - -
F6 8 1 7 4 1
F7 - - 4 - -

# Time evolution

effect was most prominent in the All12 filter. Using images in
this filter, the time history of the brightness of each pixel during
the impulsive phase was plotted (Fig. 3). In each of these light
curves all statistically significant peaks were selected. I have
taken the time of such a peak as the central point of a time
period when the light curve was above a low error boundary of
a peak of the selected part of the light curve.

Figure 2b presents a histogram showing the number of pixels
in the investigated footpoints reaching a peak at a given time.
Five peaks can be clearly identified. Three of them correspond
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to the main hard X-ray bursts I, II and III, one corresponds to
the enhancement on a rise part of the burst II (E), and one — to
the weak burst at 13:59:24 UT (W). The other weak hard X-ray
bursts in Fig. 2a have no evident corresponding impulsive soft
X-ray brightenings in Fig. 2b.

The basic behaviour of the impulsive soft X—ray brighten-
ings of the 28 June 1992, 14:24 UT flare can be summarised as
follows:

1. The individual footpoints had distinctly different light
curves, as seen in Fig. 3. The number of pixels contributing
from each footpoint to each peak in Fig. 2bis givenin Tab. 1.
Thus, Tab. 1 shows which footpoints respond to each hard
X-ray burst. Only during the strongest hard X-ray burst II
the impulsive soft X—ray brightenings were observed in al-
most every footpoint. Sometimes one footpoint reacted to a
particular hard X-ray burst, e.g., footpoint F5 — to the burst
E, and footpoint F4 — to the burst W.

. There is a systematic delay of the peak of the soft X-ray
brightenings with respect to the maximum of the hard X—
ray bursts. Values of delay were between 5 and 35 s, for
different hard X-ray bursts. Also, for a particular hard X-
ray burst I observed a difference in the delay for the different
footpoints, e.g. for burst II the average delay was 5, 7, 10
and 35 s for the footpoint F3, F1, F6 and F7 respectively.

3. In three cases I found a systematic trend: the moment of

the impulsive soft X—ray brightening peak depended on the

images.

location in the leg — pixels located higher in the leg peaked
later in time. This is a manifestation of chromospheric evap-
oration. I calculated the velocity of the evaporating plasma
by fitting a straight line to the dependence of the peak time
on the distance along the leg (Fig. 4). Derived velocities are
460460 kms~! in the case of the E burst in the footpoint
F5, 590495 kms~! and 750+180 kms~! in the footpoint
F1 during the II and III burst, respectively.

. During the impulsive phase the footpoints were the brightest
parts of the whole arcade in the soft X—rays. In a comparison
to a pre-flare data (the All2 image of 13:52:16 UT) the
brightness of the footpoints increased at least by a factor
of 5. In an extreme case of one pixel from the footpoint F1
during burst 11, this increase was more than a factor of 50.

. The temperature of the footpoints calculated from the SXT
Bel19 and Al12 filter ratio during the impulsive phase was
rather low (6-9 MK), and nearly constant. Thus, the main
reason of the increase in brightness was an increase of the
emission measure due to plasma heating.

3. The HXT observations

I have calculated hard X-ray images for L (14-23 keV) and M1
(23-33 keV) channels during three main bursts, using the Max-
imum Entropy Method program written by T. Sakao (Sakao
1994; Morrison 1994). Higher energy HXT channels had in-
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Fig. 4. Moment of the impulsive soft X-ray brightening peak versus
distance along the leg measured from the SXT/Al12 images. A linear
fit to the data is shown as a continuous line. An identification of the
hard X-ray burst and the leg, and the value of the velocity are given.

sufficient number of counts to produce images. In the case of
arcade flares such relatively soft hard X-ray spectra appear to
occur very frequently (Tomczak 1994; Uchida 1995).
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Start Time (28—Jun—92 13:54:00)

from the footpoints F1, F4, F5 and F7 during
the impulsive phase.

I identified four sources of hard X-ray emission (Fig. 5):
two high-lying (H1, H2) and another two low-lying (H3, H4)
sources. The strongest source, H1, had a horn-shape with a max-
imum in the middle. Sometimes I observed a second local max-
imum at the southern end of this source. The source H2 was
relatively compact and had a round shape. The source H3 was
clearly elongated. Occasionally it had a little compact compo-
nent in the north-west direction seen in the channel M1 only.
The source H4 consisted of two parts: an elongated southern and
a compact northern part. The sources H3 and H4 had a tendency
to connect with the source H1 in the channel L. Only the source
H2 was separated throughout the whole impulsive phase.

Figure 6 presents light curves of the individual sources of
hard X-ray emission in both channels and time evolution of the
hardness ratio M1/L for each source. The source H1 was re-
sponsible for approximately half of the total hard X-ray emis-
sion during the whole impulsive phase. For the source H1, each
of the main hard X-ray bursts (I, II, and III) had a clear peak
featuring a temporary increase of the hardness ratio.

Source H2 I shared distinctly different behaviour. Each burst
was smoothed. The peak of the burst I was not observed, and
the peaks of bursts II and IIT were delayed by 20-30 s in a
comparison to the H1 source. Also, the hardness ratio for the
H2 source was definitely greater than for the other sources and
the increase of the hardness ratio lasted during almost the whole
duration of the bursts.
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Fig. 5. Examples of hard X-ray images of the 28 June 1992, 14:24 UT
flare. Channel number and periods of accumulation are shown. Contour
levels are 78.4, 39.2, 19.6 and 11.8 % of the maximum intensity for
each image. The scale and the orientation are the same as for the Fig. 1.

There was a clear similarity between the source H1 and the
low-lying source H3 in their hard X-ray light curves and the
evolution of the hardness ratio M1/L. Both sources had three
distinct bursts, relatively early times of maximum, and short
durations of the increase of the hardness ratio.

I also found similarities in the hard X-ray light curves and
hardness ratio for the source H2 and the another low-lying
source H4: the lack of burst I, later moments of peaks of bursts
II and III, and a longer duration of the increase of the hardness
ratio.

A common feature of all hard X-ray emission sources was
a continuing decrease of the hardness ratio with time.

4. Comparison of SXT and HXT images

I carefully compared the HXT and SXT images. The accuracy
of the overlay was about 1.5 arc sec. Figure 7 shows represen-
tative examples of the SXT/Al12 images recorded during the
hard X-ray bursts II and III. I also overplotted contours of HXT
emission in the channel L (left panels), emission in the channel
M1 (middle panels) and a temperature map calculated accord-
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ing the filter ratio method (Hara et al. 1992; Morrison 1994)
from the SXT Bel19/Al12 filter ratio (right panels). For better
statistics I calculated the temperature maps for 4.9 x 4.9 arc sec
pixels.

The high-lying hard X-ray emission sources H1 and H2 co-
incided spatially quite well with the loop-top soft X—ray emis-
sion kernels K1 and K2 respectively. In particular, they had
similar size and shape. Nevertheless, the brightest pixel of the
H1 source was systematically shifted in the south-west direc-
tion, in a comparison to the brightest pixel of the K1 kernel.
The shift was about 10 arc sec, on average. Approximately the
same average value of shift but in the north-west direction was
found for the H2 source relative to the K2 kernel.

A similar displacement was observed between the bright-
est pixel in the hard X-ray emission and the hottest pixel in
the SXT temperature map in the case H2-K2. Better co-spatial
agreement between HXT emission and SXT temperature map
was found in the case H1-K1, where an average shift between
the brightest pixel of the H1 kernel and the hottest pixel on the
SXT temperature map was about twice lower i.e. 5 arc sec.

Such a relationship resembles other flares e.g. of 13 January
1992 (Masuda 1994), where the spatial correlation between hard
X-ray emission and SXT temperature map was also better than
the spatial correlation between hard X-rays and soft X—rays. An
important difference is that in the case of 28 June 92, 14:24 UT
flare, the area of the highest SXT temperature and the area of the
maximum of hard X—ray emission were located approximately
at the same height as the SXT loop-top emission kernels.

The low-lying hard X-ray emission sources H3 and H4 did
not have distinct counterparts in the SXT images, where I did
not observe any local maximum of the intensity distribution.
An exception was the relatively weak, compact part of the H3
source, observed in channel M1 only, that covered fragments of
the footpoint F1 — the brightest in soft X-rays. The elongated
part of the H3 source coincided spatially with two unresolved
legs (hereafter the legs 2+3), that connected the kernel K1 with
the footpoints F2 and F3. The northern part of the H4 source
coincided spatially with the lower portion of the leg 4. The
southern part of the H4 source coincided with leg 5. The legs 6
and 7 that converge into the southern loop-top emission kernel
K2 on the SXT images did not show any hard X-ray emission.

The low-lying hard X-ray emission sources also did not
have any counterparts on the SXT temperature maps. The spatial
distribution of temperature at the places of the arcade where 1
localised sources H3 and H4 showed a monotonic decrease from
the loop-top emission kernels to the footpoints without any local
maximum.

The footpoints of the arcade — the places of the impulsive
soft X—ray brightenings — did not have counterparts in hard X—
rays. Some legs (6 and 7) did not show hard X-ray emission
at all, other legs (243, 4 and 5) had the maximum of hard X—
ray emission sources located at significant heights: 1.3 x 10%,
3.5x10%, 1.1x 10* km respectively, in average. The footpoints
had up to 10 times less intense hard X-ray emission than the
loop-top regions and several times less intense emission than
the legs above the footpoints in both HXT channels L and M1.
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Fig. 7. Examples illustrating the spatial localisation of the SXT/Al12 images (gray scale) in a comparison to: the L images (left panels), the
M1 images (middle panels) and the Be119/A112 map temperature (right panels). The scale and the orientation are the same as for the Fig. 1.
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An exception was the footpoint F1, where on several images in
the channel M1 I identified a small compact source of emission
located in the area of the soft X—ray brightening.

5. Discussion
5.1. The high-lying hard X—ray emission sources

Jakimiec (1990) has shown that in order to heat and maintain a
large amount of flare plasma at high temperature 7" > 10 MK,
it is necessary that the plasma be turbulent and that the MHD
turbulence is the most suitable for this. The turbulence will also
accelerate a part of electrons to higher energies, say £ > 20 keV
by (1) acceleration in individual episodes of magnetic field re-
connection or (2) stochastic Fermi acceleration (being also ef-
ficient for ions).

On this basis, in the paper of Jakimiec (1991) it has been
argued that the flare energy release occurs in turbulent regions,
which can be called "turbulent flare kernels®. These kernels
have been identified with the kernels of the soft and hard X—
ray emission, as well as microwave emission (cf. also Jakimiec
and Fludra 1991). These flare kernels are very well seen in
Yohkoh SXT (e.g. Acton et al. 1992) and HXT images (Masuda
1994; Kosugi 1994 - so called loop-top sources) and can be
investigated in some detail (Jakimiec et al. 1994).

The magnetic lines escaping from the turbulent kernels de-
termine the magnetic flux tubes connecting the kernel with the
chromosphere and they are seen as the ”legs* in soft X—rays. The
magnetic field is turbulent in the kernels and regular in the legs.
Higher energy electrons accelerated within or near the edge of a
kernel either get the open lines of force, escape to the flare legs
and run to their footpoints, or they get into the irregular (ten-
gled) magnetic field in the kernel giving rise to the hard X-ray
bremsstrahlung emission from the kernels (Jakimiec 1991).

This scenario is in a very good agreement with the obser-
vations of the investigated flare, as well as with many other
Yohkoh flares. During the impulsive phase the both sources H1
and H2 appears to be the sites of energy release in the arcade.
In both places I observed simultanously two effects of the en-
ergy release: high-temperature plasma and bremsstrahlung from
non-thermal electrons. High-temperature plasma was responsi-
ble for the strong increase of temperature and local maxima
on the SXT temperature maps in the kernels K1 and K2 area
throughout the impulsive phase. Values of the hardness ratio
MI/L for the sources H1 and H2 suggest a power-law photon
spectrum that is typical for non-thermal electrons. A power-law
index v during the impulsive phase was between 5.5-6.5 and
4.6-5.2 for the sources H1 and H2 respectively.

Masuda (1994) showed that impulsive loop-top hard X-ray
sources can divided into two groups. The first group consists
of the sources located inside the soft X-ray emission kernels
having relatively soft spectra (y=35.5). Second group consists
of the impulsive loop-top hard X-ray sources located higher
than the soft X-ray emission kernel and having harder spectra
(7=1.3-3.5). The sources H1 and H2 of the 28 June 1992, 14:24
UT had the features typical for the first Masuda type.
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The observational characteristics suggested that the source
Hl1/kernel K1 during the whole impulsive phase was the main
place of the energy release in the arcade. The source H1/kernel
K1 was distinctly brighter in soft and hard X-rays than the
source H2/kernel K2 and had higher values of the SXT tem-
perature. The relative contributions of the two effects of energy
release in the high-lying sources varied. Around the peaks of
the main hard X-ray bursts I observed the increase of amount
of non-thermal electrons having the harder spectrum. The sys-
tematic decrease of the hardness ratio during the impulsive
phase outside the bursts shows that the significance of the high-
temperature plasma increased in time. The source H2 showed
higher values of the hardness ratio M1/L and a prolonged in-
crease of this ratio in a comparison to the source H1. It suggests
that in this part of the arcade the relative contribution of non-
thermal electrons was systematically higher than in the source
HI.

Energy released during the impulsive phase could be trans-
ported along magnetic flux tubes having good magnetic connec-
tion with the kernels to other parts of the arcade in two forms:
non-thermal electron beams and thermal conduction. The im-
portance of the first energy transport mechanism is confirmed by
the impulsive soft X—ray brightenings (Fig. 2). The SXT tem-
perature maps illustrate the second energy transport mechanism
(Fig. 7, right panels), where the spatial distribution of tempera-
ture resembls the shape of the arcade. Temperatures monoton-
ically decrease from the kernels K1 and K2 to the footpoints
along the magnetic flux tubes.

5.2. The low-lying hard X—ray emission sources

As a sample of the typical footpoint source in the impulsive
phase according the recent classification by Kosugi (1994) 1
consider a small compact hard X-ray source observed some-
times in the footpoint F1 area in the channel M1 (Fig. 7).

The low-lying hard X-ray emission sources H3 and H4 can-
not be considered as typical footpoint sources in the impulsive
phase. First, they were too weak and too soft in a comparison to
other described footpoint sources (Sakao 1994). Second, these
sources were weaker than the H1 source and softer than the H2
source. Third, they were located several thousand kilometers
above the footpoints. A more adequate name for such sources
would be the hard X—ray emission sources above footpoints.

The H3 and H4 sources looked like the hard X-ray source
located in a southern leg of a second loop of 6 February 1992
flare (Kosugi et al. 1994). The authors suggested that this loop
had a relatively high value of electron density and that such
feature was the basic reason of the atypical characteristics of
the hard X-ray sources.

The 28 June 1992, 14:24 UT flare had a rather low elec-
tron density. During the impulsive phase the values of electron
density in the arcade obtained from the SXT images estimated
at about 1-2x 10" cm~3 for the kernels K1 and K2 and up
to 4x 10'° cm™3 in the case of the most prominent soft X-ray
brightening. The mean free paths for electons of energies of the
channel L and M1 are 1.2x10'° cm and 3.2x10'° cm respec-



230

tively. Thus, the electron density of the coronal part of the arcade
was too low to stop non-thermal electron beams. Moreover, such
an effect should depend on the energy: lower energy channel —
higher position in the corona, but the heights of the sources H3
and H4 were the same in both energy channels. In conclusion,
the observed values of electron density in the coronal part of the
arcade did not explain the location of the hard X-ray emission
sources H3 and H4.

I suspect that the hard X-ray emission sources above foot-
points can be a result of a small convergence of the magnetic
lines of force in the legs. Let me consider a magnetic flux tube
(leg) with a small convergence of the lines of force. Let r( be
its radius in the upper part, at s = sg and By - the magnetic field
strengh there (s is the coordinate along the magnetic tube). In
the low-density approximation the motion of a particle having
pitch angle 6 at s, is described by the equation:

sin’ 0/ sin 0 = B(s)/By = 13 /72(s) (D

Let By, r| be the values of B and r at s = s;, where the pitch
angle achieves the value § = 90° (a magnetic mirror for the
particle), then:

71 /’I“O = sin 90 (2)

Now let me assume that directions of particle motions are ran-
dom (isotropic) at s = sq, near the flare kernel K. Then

f(07) = cos 07, 3)

where f(6%) is the fraction of particles moving downwards hav-
ing 6y > 0*.

Let me now assume a very small convergence of the mag-
netic lines, say 71 /1o = 0.9. From Eq. (2) we obtain: , = 64°
and from Eq. (3): f(6* = 64°) = 0.44.

The main point of this consideration is that in the case of low
plasma density, a very small convergence of the magnetic lines
of force causes very significant effects of particle mirroring.
And since the particles (electrons) remain for a relatively longer
time near their magnetic mirrors, the hard X-ray bremsstrahlung
emission will be significantly enhanced there.

Soft X-ray images like those in Fig. 1 suggest that a small
convergence of the magnetic lines of force actually occurs in
many cases of the flare legs. This has been also confirmed by
inspection of the legs of Ha loops for other flares (e.g. Svestka
1976, Fig. 88; Akimov et al. 1996). The effect of magnetic mir-
roring to explain the observed differences for the hard X-ray
double sources located in the footpoints was also suggested by
Sakao (1994) for several flaring loops analysed by him. The
conclusions of Sakao get strong support from microwave ob-
servations (Kundu et al. 1995).

5.3. The impulsive soft X—ray brightenings

Previous reports (Strong et al. 1994; Hudson et al. 1994) em-
phasized the good spatial agreement between the impulsive soft
X-ray brightenings and the hard X-ray emission sources. The
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28 June 1992, 14:24 UT flare did not support this result. In some
legs (6 and 7) where I observed the impulsive soft X-ray bright-
enings I did not identify any hard X-ray emission. In other legs
(243, 4 and 5) the hard X-ray emission sources were several
thousand kilometers above the places of impulsive soft X—ray
brightenings. Only in the case of the footpoint F1 was an agree-
ment between the impulsive soft X—ray brightening and the hard
X-ray emission was seen.

The reported disagreement can be explained by a low flux
of high-energy non-thermal electrons and the magnetic field
convergence. A majority of non-thermal electrons produced in
the loop-top sources was mirrored in those parts of the arcade
where we observed other hard X-ray emission sources. A frac-
tion of the non-thermal electrons must have reached the foot-
points as evidenced by the impulsive soft X-ray brightenings
in Fig. 2b. However, with the exception of the footpoint F1, the
bremsstrahlung of non-thermal electrons was not seen in the
HXT images.

Finally, the observations of the impulsive soft X—ray bright-
enings together with the observations of the low-lying hard X—
ray emission sources give an unique opportunity to investigate
amorphology of precipitated non-thermal electrons in more de-
tailed and complementary way.

6. Conclusions

The 28 June 1992, 14:24 UT arcade flare offers an unusual
opportunity to investigate a relationship between the impulsive
soft X-ray brightenings and the hard X-ray emission sources.
My basic conclusions can be summarized as follows:

1. The morphology of the arcade flare is more complicated
than in the case of the single-loop flare. I found evidence
of simultanous energy release at two separated places in the
top of the arcade and energy distribution along at least seven
legs in two forms: non-thermal electron beams and thermal
conduction.

2. Simultanous energy release in several places seems to be
a rule for the arcade flares (Tomczak 1994; Jakimiec et al.
1996). In the case of the 28 June 1992, 14:24 UT flare the
hard X-ray emission loop-top sources had different obser-
vational features; in particular, the weaker source had the
harder spectrum. In spite of some differences a connection
between both places of the energy release was evident.

3. The hard X-ray emission sources above the footpoints were
the result of the magnetic field convergence. Magnetic mir-
roring was responsible for the shift of the places of the pre-
cipitation of non-thermal electrons to the higher parts of
the legs of the arcade. Only a fraction of non-thermal elec-
trons passed deeper and produced the impulsive soft X—ray
brightenings.

4. The observations of the impulsive soft X-ray brightenings
are an additional source of information about places of the
precipitation of non-thermal electrons. The SXT observa-
tions offer better spatial resolution than the HXT images
and are especially useful when a weak stream of non-thermal
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electrons produces hard X-ray emission that cannot be de-
tected by the HXT telescope.

5. From the time evolution of the moments of the impusive
soft X—ray brightenings I estimated the velocity of the chro-
mospheric evaporation. Derived values 460-750 km s~ ! are

consistent with spectral observations from the Bragg Crys-

tal Spectrometer (e.g. Bentley et al. 1994), but greater than
results of standard theoretical loop model (e.g. Fisher et al.

1985; Reale & Peres 1995).
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