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Abstract. The hard X-ray/gamma-ray (HXR/GR) impulsive burst on 1991 June 30 (∼0255 UT) was associated with a flare
which occured between 2◦ and 12◦ behind the east limb of the Sun. The partially occulted HXR/GR emission from this
flare was detected at up to 100 MeV by three instruments on Earth-orbiting spacecraft: the Burst and Transient Source
Experiment (BATSE) and the Energetic Gamma-Ray Experiment (EGRET) onCGROand by the Payload for High Energy
Burst Spectroscopy (PHEBUS) onGRANAT. As seen from the two spacecraft in Earth orbit, the size of the burst corresponds
to that of a moderate electron-dominated GR event (Dingus et al. 1994; Vilmer et al. 1999). However, this event is one of the
giant flares reported by Kane et al. (1995). It was observed by the Solar X-ray/Cosmic Gamma-Ray Burst Experiment (GRB)
on Ulysses, located 135◦ east of the Earth-Sun line. GRB measured the total>28 keV HXR emission from the flare. In this
paper we combine HXR observations by GRB and BATSE in order to determine the time evolution of the power-law indexγ of
the photon spectrum of the partially occulted HXR emission seen by BATSE and of the fractionR of the partially occulted to
the total>28 keV emission.γ decreased from∼5.4 to∼2.6 andRvaried from∼20% at the beginning of the event down to<1%
at its maximum. These results indicate that the spatial distribution of the HXR sources was complex, and evolved in the course
of the event. While the HXR emission detected by GRB was almost entirely produced at the footpoints of loops by thick-target
interactions, a fraction of the HXR emission seen by BATSE likely originated in the unocculted, low density, portion of the
HXR emitting loops. The data also show that a small fraction (∼10%) of the HXR emission detected by BATSE in Earth orbit
was radiated by a thick-target source on the visible disk.
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1. Introduction

The most direct information on the characteristics of energetic
electrons at the Sun is provided by the∼20 keV–100 MeV
bremsstrahlung continuum produced by these electrons as they
interact with the ambient solar atmosphere. Observations of
HXR emitting sources made with high spatial, spectral, and
temporal resolution are therefore essential for understanding
the acceleration and propagation of these electrons in so-
lar flares. Over the last two decades HXR imaging observa-
tions have been obtained with instruments on board theSolar
Maximum Mission(SMM), Hinotori andYohkoh. Briefly stated,
the spatial distribution of HXR sources was found to vary from
flare-to-flare and to evolve with time during some flares. For
example:

– There are simple configurations where the HXR emission
originates at the footpoints of a single magnetic loop or
loop system with lengths of a few times 104 km (Duijveman
et al. 1982; Sakao 1994). For a few flares, a faint coronal
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source was also observed near or above the top of the loop
(Masuda et al. 1994, 1995).

– More complex and time varying distributions of HXR
sources have also been revealed e.g.: (i) Sakao et al. (1992)
reported observations of one flare suggesting that succes-
sive HXR peaks correspond to energy release in different
loops; (ii) combined HXR and microwave imaging obser-
vations of a few flares (Nakajima et al. 1985) have shown
that these emissions originated both in active region loops
of a few times 104 km length and in much larger scale loops
(a few times 105 km): HXR emission was detected at large
scale loop footpoints remote from the flare site; (iii) during
a two-ribbon-flare, it was found (Masuda et al. 2001) that
the HXR emission was produced at the footpoints of a large
arcade of active region loops (width∼3 × 104 km, length
∼105 km) connecting the flare ribbons: at the beginning of
the event the HXR emission originated predominantly from
loops in the leading part of the magnetic arcade but later
on it originated from loops in its trailing part; and (iv) re-
cent observations of an X-class flare close to the solar limb
by the Reuven Ramaty High-Energy Solar Spectroscopic
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Imager (RHESSI) have provided evidence that the spatial
distribution of the HXR sources may vary during a given
event (Gallagher et al. 2002).

As noticed by Kane (1987), there may be some ambiguity
in determining the relative brightness of the different HXR
emitting sources from imaging observations since the observed
brightness of an HXR source is in reality the integrated bright-
ness along the line of sight. Observations obtained with imag-
ing instruments on boardSMM, HinotoriandYohkohsuffered
from further limitations such as: an energy range restricted to
below 30, 40, and 100 keV respectively and a dynamic range
which does not allow us to detect sources with brightnesses
below a few tens of percent of the brightest source. Such limi-
tations will be partly removed byRHESSI, which was designed
to provide images up to MeV energies and, in favorable cir-
cumstances, with a dynamic range of 100:1 at lower energies
(Hurford et al. 2002). Thus, only in the case where the asso-
ciated flaring active region is behind the limb, will it be pos-
sible to image faint HXR sources (below∼1% of the bright-
est source), but the bulk of the HXR emission will not be
measured.

One way to overcome this difficulty is to compare HXR
measurements from instruments on board spacecraft view-
ing the Sun from widely different angles. Indeed, using such
stereoscopic observations, Kane et al. (1992) identified an im-
pulsive>25 keV HXR source extending to coronal altitudes
>∼2 × 105 km above the photosphere. At∼100 keV, the HXR
emission from this coronal source was found to be≈10−3 of
the total flare HXR emission. Stereoscopic observations also
contain information about the vertical structure of the HXR
emitting volume (Kane et al. 1982) and about the directivity
of the HXR emission (Kane 1987; Kane et al. 1998).

This paper reports on stereoscopic observations of the 1991
June 30 HXR/GR flare at∼0255 UT obtained byUlysses/GRB
andCGRO/BATSE (Sect. 2). The HXR emission from this flare
was in full view of GRB, located 135◦ east of the Sun–Earth
line, but was partially occulted for BATSE which viewed the
flare from the Earth (Sects. 3.1, 3.2). While the 30 June 1991
was one of the giant flares detected by GRB (Kane et al. 1995),
for BATSE it appeared as a moderate electron-dominated event,
and it was also detected up to 100 MeV by PHEBUS (Vilmer
et al. 1999). In this study, the combined GRB and BATSE HXR
observations are used to determine the time evolution of: (i) the
photon spectrum measured by BATSE, and the ratio of the
partially occulted HXR emission seen by BATSE to the total
HXR emission seen by GRB (Sects. 3.3, 3.4). The results are
used to determine the spatial distribution of the HXR emitting
source and its time evolution in the course of the event (Sect. 4).
Conclusions are presented in Sect. 5.

2. Instrumentation

The Ulysses/GRB instrument (Hurley et al. 1992) consists
of two CsI(Tl) scintillators, each with an effective area of
∼20 cm2. The lower energy threshold at which the detector
is 10% efficient is∼11 keV. During the 1991 June 30 hard X-
ray flare, Ulysses was located 135◦ east of the Earth–Sun line at

a distance of 3.48 AU from the Sun.Ulysseswas in a solar pro-
ton event, and the background count rate of the GRB detector
was about twice its normal value. Under these conditions, the
experiment triggers constantly on particle fluxes, and therefore
could not trigger on the solar HXR event. Since energy spectra
are only recorded in triggered mode, the only data we have for
the 1991 June 30 flare are>28 keV integral rates (CUly

28 ) with a

time resolution of 0.5 s. In the followingCUly
28 includes appro-

priate corrections for dead time effects and counter overflow
and is normalized to 1 AU.

The CGRO/BATSE instrument is described in Pendleton
et al. (1995). The data used here consist of 16-channel spec-
tra in the∼20 keV–8 MeV energy range, obtained with the
four Sunward large-area detectors (LADs) at a time resolu-
tion of 2.048 s. During the 1991 June 30 flare, these data were
recorded until 02:57 UT, when the Sun became Earth-occulted.
In order to prevent pulse pile-up at the peak of the flare, the
analysis was not performed on data from the detector whose
axis was closest to the solar direction (LAD0), but rather from
the next closest (LAD1) (Park et al. 1997; Vilmer et al. 1999).
However, at the beginning of the event, when the count rates
were low, LAD0 has also been used for spectral analysis to im-
prove the statistics.

3. Observations

3.1. Locations of the spacecraft relative to the flare

Kane et al. (1995) reported that the 1991 June 30 HXR event
was most likely associated with an optical flare located behind
the east limb of the Sun. A detailed analysis of the various ac-
tive regions crossing the east limb shortly after June 30 led to
the estimate that the flare could have occurred anywhere be-
tween 2◦ and 12◦ behind the east limb in NOAA active re-
gion AR 6703 (see Vilmer et al. 1999). Figure 1 shows the
ecliptic-plane projections of the longitude of AR 6703 and
of the UlyssesandCGROviewing directions. While the flare
HXR emission was in full view ofUlysses, which was lo-
cated 135◦ east of the Sun–Earth line at a distance of 3.48 AU
from the Sun, HXR emission was also detected byCGRO.

3.2. Occulting height for BATSE

A flare site somewhere between 2◦ and 12◦ beyond the
east limb corresponds to occulting heights in the range of
300–104 km, respectively, above the photosphere for BATSE.
For giant flare, associated with optical flares on the disk or
close to the limb, the soft X-ray (SXR) emission detected by
theGOESdetectors is very large (class X flares) and saturates
the detectors for some events (see Kane et al. 1995). In con-
trast Fig. 2a shows that only a moderate SXR burst (M5.0) was
observed for the 1991 June 30 event. Although, the SXR emis-
sion started to increase at∼0240 UT, its main rise occurred
at∼0256:20 UT, about one minute after the onset of the GRB
HXR burst (see Figs. 2a,b). Such a SXR-HXR timing is un-
usual. Generally, the SXR emission rises at the same time as or
slightly before the HXR burst. The above remarks indicate that,
during the main phase of the HXR flare (∼0255:20–0257 UT),
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Fig. 1. Ecliptic-plane projection of the flare geometry. The longitude
extent of the flaring active region (AR 6703) is indicated by the thick
line on the solar disk. The arrows show the directions toUlysses
andCGRO.

a large fraction of the SXR emission was most probably oc-
culted for a near-Earth orbiting detector. Noting that SXR
imaging observations of impulsive flares show that the major
fraction of the SXR emission is produced within loops with
typical sizes of a few times 104 km, we conclude that the oc-
culting height for BATSE is likely to be close or even larger
than the upper limit (104 km above the photosphere) inferred
in Vilmer et al. (1999).

3.3. Hard X-ray time histories

The time histories of the HXR count rates measured by
BATSE (LAD1) in several energy channels spread between 33
and 225 keV, and ofCUly

28 (normalized to 1 AU) are displayed in
Fig. 3. The vertical dashed lines delineate three selected time
intervals, labelled I to III. Figure 3 shows that the time profile
of CUly

28 and of the 33–40 keV BATSE rate differ markedly al-
though they are both produced by incident photons in similar
energy ranges. Indeed:

– The event onset time, defined as the time when the rate in-
crease starts to be more than 3–5σ above the background,
has been estimated for the different BATSE energy chan-
nels and forCUly

28 . In order to have similar time resolutions

for both instrumentsCUly
28 has been accumulated over 2 s.

The onset ofCUly
28 (marked by an arrow in Fig. 3) is found

at 0255:37 UT± 2 s, that is∼18 s after the onset of the
33–40 keV BATSE rate (beginning of time interval I at
0255:19 UT). This does not necessarily indicate that the on-
set of the HXR emission detected atUlyssesis delayed with
respect to that detected atCGRObut, this rather reflects
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Fig. 2. a)Time evolution of the 1–8 Å and 0.5–4 Å SXR flux detected
by the GOESdetectors during the 1991 June 30 flare;b) The time
profile of the>28 keV rate detected by GRB onUlyssescompared
with that of the 1–8 Å SXR flux where the triangles corresponds to
interpolated values due to data gaps.

that GRB is less sensitive and farther away from the Sun
than BATSE. Indeed, the average ofCUly

28 over the time pe-
riod 0255:19–0255:37 UT leads to a significant mean rate
increase of∼4σ above the background. In the following,
we thus consider, that the BATSE 33–40 keV rate andCUly

28
have similar onsets.

– The main CUly
28 rise (beginning of time interval II at

0255:54 UT) is nearly simultaneous with the onset of the
BATSE∼158–225 keV HXR emission. Such a sudden rise
is not reflected in the BATSE time profiles at energies be-
low 60–70 keV.

– At a time resolution of 2 s, the maximum ofCUly
28 occurs

at 0256:22 UT±2 s (arrow in Fig. 3) in near coincidence
with the BATSE maxima above∼160 keV. However below
∼100 keV the BATSE rate exhibits a broad maximum at
0256:30 UT± 2 s (arrow in Fig. 3), i.e. 8 s later than the
maximum ofCUly

28 .

In summary, from the main rise of the event (beginning of time
interval II) till the end of the analysed period (0257 UT), there
is a closer similarity between the time evolutions ofCUly

28 and
of the HXR emission seen by BATSE above∼70 keV than be-
tweenCUly

28 and the HXR emission seen by BATSE at lower
photon energies.
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Fig. 3. The time evolution of: (i) the HXR rate observed by BATSE
in three energy bands (time resolution 2.048 s) and by GRB above
28 keV normalized to 1 AU (CUly

28 , time resolution 0.5 s); (ii) the
spectral indexγ of the photon spectrum inferred from BATSE data,
and (iii) the ratioR of the partially occultedCEarth

28 to the unocculted
CUly

28 > 28 keV HXR emission. The horizontal dashed lines indicate
the background levels. The arrows mark the onsets of the 33–40 keV
BATSE rate and ofCUly

28 and the time of maximum of the 70–93 keV
BATSE rate and ofCUly

28 .

3.4. Predicted >28 keV GRB rate at the Earth’s orbit

In the absence of GRB spectral data, we used BATSE spec-
tral observations to predict the>28 keV rate (CEarth

28 ) that GRB

would have measured if it was onboardCGRO. The following
procedure was adopted:

– Each of the fifty count-rate spectra, recorded by BATSE
from 0255:19 UT (onset of the 33–40 keV BATSE chan-
nel) to 0257 UT (start of BATSE night), has been fitted to
an incident power-law photon spectrum (A(hν/50)−γ) in the
33–225 keV energy range. hν is the photon energy in keV,
A (photons cm−2 keV−1 s−1) the photon flux at 50 keV,
andγ the spectral index.

– For each 2.048 s interval, the GRB rate spectrum is esti-
mated by convolving the photon spectrum determined from
BATSE with the GRB response function.CEarth

28 is then ob-
tained by energy integration above 28 keV.

The above procedure assumes that thermal photons do not sig-
nificantly contribute to the BATSE rate, and hence not toCEarth

28

either. This assumption is supported by the fact that the 1−8 Å
soft X-ray flux measured by GOES in Earth orbit is weak dur-
ing the analyzed period of time (see Sect. 3.2). For such a
low level of soft X-ray emission the contribution of thermal
photons to the X-ray emission above 28 keV is negligible.
Consequently, the accuracy of theCEarth

28 is essentially deter-
mined by the reliability of the photon spectrum fitted to the
BATSE data. The largest uncertainties inCEarth

28 are thus those
made during time interval I where the BATSE excess rates
above 50 to 70 keV are low (see Fig. 3). In order to estimate
such an uncertainty,CEarth

28 has been computed as above, during
interval I, for each of the four sunward LADs (LAD0 is not af-
fected by pulse pile-up during this time interval). The resulting
four sets ofCEarth

28 values are in good agreement with a maxi-
mum relative spread of 30% at the beginning of interval I. We
thus consider that the relative uncertainty inCEarth

28 is no more
than 30% for the whole of the event. The percentage of the oc-
culted to unocculted>28 keV rate is given by:

R= CEarth
28 /C

Uly
28 × 100.

From 0255:19 UT to 0255:37 UTR has been taken as the ratio
of the average ofCEarth

28 to the average ofCUly
28 . The statistical

uncertainty onCUly
28 is negligible compared to that made in es-

timatingCEarth
28 , except between 0255:19 UT and 0255:37 UT,

where the mean value ofCUly
28 is only 4σ above the background.

The uncertainty inR is thus taken as∼30% and somewhat
larger at the beginning of the event.

The two bottom curves in Fig. 3 show the time evolutions
of γ andR. The time evolution ofγ led us to define the three
intervals of time marked in Fig. 3. At the beginning of the
event (interval I)γ ∼ 5.4. It remains roughly constant and
then decreases to∼2.6 during interval II. It remains at a value
between 2.6 and 3.0 till the end of BATSE observations (in-
terval III). As expected,R is less than unity during the whole
event, so that only a fraction of the total>28 keV HXR emis-
sion detected atUlyssesis observed in Earth orbit. However,
this fraction varies greatly in the course of the event:R de-
creases from∼20% at the beginning of the event to less than 1%
around the event maximum and increases to∼5% in the event
decay phase. Such a variation ofR is somewhat similar to that
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reported by Kane et al. (1982) from stereoscopic observations
made during the impulsive phase of a different HXR flare. But
in that flare,Rvaried by less than a factor of 2, whereas it varies
by about a factor of 30 in the present case.

4. Discussion

Due to the lack of imaging HXR observations and of GRB
spectral data, some assumptions have to be made in order to
interpret the time evolution ofγ andR. In the following, we
consider that:

(i) The major fraction of the occulted HXR emissionCocc
28 =

CUly
28 − CEarth

28 is produced by thick-target interactions of
electrons (e.g. Brown 1971) precipitating at the chromo-
spheric footpoints of HXR emitting loops. This is consis-
tent with imaging observations of impulsive flares briefly
outlined in Sect. 1.

(ii) The bulk of the unocculted HXR emission (CEarth
28 ) is pro-

duced in the coronal part of HXR emitting loops above the
occulting height (>∼104 km), although a small fraction of it
may originate from remote footpoints on the visible disk
(see Sect. 4.3).

(iii) CEarth
28 andCocc

28 are produced by electrons injected simul-
taneously at all energies, with the same spectrum, and
from the same acceleration/injection region(s). The gross
similarity between the time evolution ofCUly

28 and of the
BATSE rates (in particular above 70 keV see, Sect. 3.3)
supports this assumption.

(iv) Electron acceleration/injection regions are located in the
corona at typical heights of a few times 104 km, close to
the apex of SXR loops (e.g., Masuda et al. 1994) or at in-
teraction regions between loops or loop systems of differ-
ent spatial scales, typically∼104–105 km (e.g., Hanaoka
1997; Nishio et al. 1997; Manoharan et al. 1996). The
ambient density of the acceleration/injection region was
found to range typically from∼109 cm−3 to ∼1011 cm−3

(e.g., Klein 1995; Vilmer & Trottet 1997, and references
therein).

Given the above assumptions, the implications of the behaviour
of γ andR for the spatial structure of the>28 keV HXR source
are qualitatively discussed below.

4.1. Time evolution of γ

Whereasγ does not vary significantly during interval I, it de-
creases from a value of∼5.4 to∼2.6 by the end of interval II.
Figure 3 shows that the start of the progressive hardening of
the photon spectrum of the partially occulted HXR emission
occurs in near coincidence with (i) a marked change of the
slope in the rise ofCUly

28 and of the 70–93 keV BATSE count
rate, and with (ii) the onset of the>∼150 keV HXR emission
detected by BATSE. Points (i) and (ii) constitute signatures of
the onset of a new injection of electrons with a harder spec-
trum than electrons injected during interval I. In agreement
with this, Vilmer et al. (1999) reported that microwave emis-
sion at 17 and 35 GHz, from electrons with energies ranging

from a few hundred keV to a few MeV, started to be detected
by the Nobeyama radio instruments∼10 s after the beginning
of interval II. The hardening with time of the photon spectrum
measured by BATSE is thus the consequence of the overlap
between the HXR emission produced during the decay of the
soft electron injection, and the HXR emission produced during
the initial rise of the hard injection. During interval III,γ re-
mains nearly constant between∼2.6 and∼3.0. This indicates
thatCEarth

28 is produced by the hard population of electrons till
the end of BATSE observations.

4.2. Time evolution of R

During interval I (soft electron injection), the nearly constant
values ofR ∼ 20% andγ ∼ 5.4 (Fig. 3) provide evidence that
there is a well-defined relationship, i.e.CEarth

28 ≈ 0.2 × CUly
28 ,

betweenCEarth
28 andCUly

28 . This indicates that the physical pa-
rameters (e.g. size, ambient density) of the HXR source do not
change substantially during interval I. A possible interpretation
is that unocculted emission,CEarth

28 , was produced in a loop-top

source and that occulted emission,Cocc
28 = CUly

28 − CEarth
28 ≈

0.8 × CUly
28 , originated from the footpoints of the HXR emit-

ting loop. Indeed, several characteristics of the X-ray emission
measured during interval I are consistent with those obtained
from Yohkoh/HXT imaging of a few, close-to-the limb flares
exhibiting coronal HXR sources (Masuda et al. 1994, 1995):

– Coronal HXR sources detected by HXT are located typi-
cally 1–2× 104 km above the photosphere, and about 7×
103 km above flaring SXR loops (e.g. Aschwanden 2002,
and references therein). This is fully consistent with the
lack of an SXR increase at the beginning of the 1991 June
30 flare and with the inferred occulting height for BATSE
(see Sect. 3.2 and Fig. 2).

– For the 30 June 1991 event,Cocc
28 /C

Earth
28 = (100/R) − 1 =

4± 1.7. This is comparable with the ratio (∼5) of the foot-
point to loop-top emission obtained by Masuda et al. (1995)
above 30 keV.

– The present value ofγ ∼ 5.4 is in the range of values (∼4–6)
obtained by Masuda et al. (1995) for HXR coronal sources.

R decreases progressively from∼20% at the end of interval I
to ∼0.7% at the event maximum, i.e. during the rise of the
hard injection of electrons. This indicates that the structure of
the HXR source evolves with time so thatCUly

28 grows faster
than CEarth

28 . Such an evolution is consistent with an upward
and/or eastward extension of the HXR source detected during
interval I. Indeed:

– On one hand,CEarth
28 , which originates in a coronal source of

low density (<∼109–1010 cm−3) is proportional to the source
ambient densityNc. On the other hand,Cocc

28 which is pro-
duced in a thick-target is independent of the source density.
For a given electron injection, an upward expansion of the
coronal source will causeNc, and thusR, to decrease with
time.

– In the case of an extension of the HXR source beyond
the limb, a growing fraction of the source is progressively
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occulted. As the occulting height increases with the dis-
tance to the limb, a fraction of the coronal HXR emission
is progressively produced at higher altitudes i.e. at lower
ambient densities. Both effects lead to a decrease ofR.

The present data do not provide sufficient constraints to rule
out either one of the above scenarios. However, an upward ex-
tension of the HXR source would likely reflect the destabiliza-
tion of the whole magnetic structure in which energy release
occurred. It is thus expected that some of the SXR emitting
loops, which were occulted during interval I, will rise above
the occulting height. This is not observed since the SXR emis-
sion does not increase before the event maximum (see Fig. 2).
We thus conclude that the decrease ofRwas predominently the
result of the eastward extension of the HXR source. Although
all flares are different, it is interesting to note that such an ex-
pansion in longitude of the HXR source has been imaged for
one large flare (Masuda et al. 2001; Fletcher & Hudson 2001).
Furthermore, this is in line with the suggestion by Kane et al.
(1995) that for giant flares, the energy release and acceleration
processes may operate on much larger scales than that of active
region loops. In any case the injection of the hard population
of electrons coincides with an expansion of the HXR emitting
volume. A similar behavior has been reported by Trottet et al.
(1998) for one electron-dominated event associated with a disk
flare.

During the decay ofCEarth
28 and CUly

28 , R increases again
from ∼0.7% at the event maximum to∼5% at the end of
BATSE observations. There are, at least, two possibilities that
could explain this increase ofR:

– The emission from loops with footpoints far behind the
limb decays faster than that from loops with footpoints
closer to the limb. This may, for example, reflect changes
of the injection conditions so that the relative number of
electrons injected in the latter loops increases with time.

– The ambient density of the unocculted HXR source grows
with time. This may, for example, be the result of the evap-
oration of the chromospheric gas heated by precipitating
electrons (e.g., Doschek 1990; Antonucci 1994), and/or
of the emergence of post-flare loops above the occulting
height.

The increase of the SXR emission after the HXR event maxi-
mum (see Fig. 2) suggests that the latter effect may account, at
least partly, for the increase ofR. Indeed, assuming an isother-
mal SXR source, we find that the emission measure increases
by a factor of∼4 from the event maximum till the end of
interval III.

4.3. HXR source on the visible disk

Vilmer et al. (1999) reported that from the middle of interval II
till the end of BATSE observations a high-energy GR contin-
uum was detected, by PHEBUS in Earth orbit, up to a few tens
of MeV (even up to 100 MeV around the event maximum).
This GR emission was most likely produced by thick-target

interactions on the visible disk for the following reasons (see
Vilmer et al. 1999, for a more complete discussion):

– the spectral characteristics of this hard (γGR ≈ 1.9±0.2) GR
continuum are similar to the ones of electron-dominated
events associated with flares on the visible disk (Rieger
et al. 1998; Trottet et al. 1998);

– the production of the GR emission in a thin-target coro-
nal source would imply an unrealistically flat electron spec-
trum (power-law index∼1.2–1.6).

Unless the low energy cut-off of the hard population of GR
producing electrons is unusually high (this has not been ob-
served so far), it will also produce lower energy X-rays in
the disk source. ForγGR ≈ 1.9 ± 0.2, this emission repre-
sents∼10%± 5% of CEarth

28 . At the maximum of the event

whenR ∼ 0.7%, this corresponds to∼0.07% ofCUly
28 and to

an energy deposition rate in the disk source of∼1027 ergs s−1

above 28 keV. It is likely that the onset of the high energy GR
continuum occurred at the beginning of interval II, i.e. at the
onset of the injection of the hard population of electrons, but
the flux was too low to be detected within the sensitivity of
PHEBUS. Thus, the HXR source on the visible disk, was prob-
ably present from the beginning of interval II till the end of the
present observations.

5. Conclusion

The GRB, BATSE and GOES observations of the flare on 1991
June 30 (0255 UT) have provided information on both the ver-
tical and horizontal structure of the>28 keV HXR source. On
one hand, this flare was one of the giant flares detected by
GRB (Kane et al. 1995), which saw the entire HXR source. On
the other hand, it was partially occulted for BATSE (occulting
height>∼104 km). Thus, BATSE observed only a small fraction,
ranging from∼20% at the event beginning down to∼0.7% at
the event maximum, of the total HXR emission measured by
GRB in those time frames. HXR/GR emission was also de-
tected up to∼100 MeV by PHEBUS in Earth orbit, correspond-
ing to that of a weak electron-dominated event (Vilmer et al.
1999). The time evolution of the ratio of the occulted to the
unocculted>28 keV emission, and of the spectral index of the
photon spectrum of the occulted emission shows the following:

– At the event beginning (interval I), the HXR emission was
produced by a soft population of electrons and the spatial
structure of the HXR source does not substantially vary
with time.

– About 30 s after the event onset (beginning of interval II),
the HXR source started to expand when a new injec-
tion of electrons with a much harder spectrum occurred.
This source expansion continued till the HXR event maxi-
mum. The lack of a significant increase of the SXR emis-
sion during this time frame favors an eastward expansion
beyond the limb. This is in agreement with multiwave-
length studies of GR line flares and electron-dominated
events which show that, in the course of a flare, strong
acceleration up to relativistic energies, is triggered when
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energy release occurs in large-scale magnetic structures
(Chupp et al. 1993; Trottet et al. 1994, 1998; Rieger
et al. 1999). This is also in line with the statement by
Kane et al. (1995) that for giant flares, the energy release
and acceleration processes may operate on much larger
scales than that of active region loops.

– The detection of a high energy GR continuum, by PHEBUS
in Earth orbit (Vilmer et al. 1999) provides strong evidence
that at least 10% of the>28 keV HXR emission detected
by BATSE, i.e. 0.07% of the total emission at the event
maximum, originated from an on-the -disk source from the
beginning of interval II till the end of BATSE observations.

In summary, the present results indicate that the energy release
during large solar flares seems to be a complex process which
evolves with time and involves large spatial scales. Simple loop
models may thus be inadequate to explain such a flare process.
Imaging observations of HXR/GR events associated with disk
flares constitute, in principle, the most direct way to further in-
vestigate such complexity in space and time during large and
even weaker flares. However, due to their intrinsic dynamic
range (100:1 in the case ofRHESSI), such observations may
reveal HXR spatial distributions which are simpler than the ac-
tual ones. This emphasizes the potential interest of combining
imaging and full disk measurements of HXR flares obtained
under widely different viewing angles.
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