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2 Centre d’Étude Spatiale des Rayonnements, BP 4346, F-31029 Toulouse, France
3 Institute of Astronomy, ETH-Zentrum, CH-8092 Zürich, Switzerland
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Abstract. This paper reports the first comparison of hard X-ray
(HXR), gamma-ray (GR), centimetric-millimetric and metric-
decimetric spectral and imaging radio observations obtained
during an electron-dominated gamma-ray burst. This impulsive
event,which occurred on 1990 June 11 at∼ 0943 UT, was as-
sociated with a Hα 2B flare, located close to the disk center.
The time evolution of the HXR emission consists of successive
peaks of∼ 10 s duration. Several of these peaks show GR emis-
sion up to a few MeV and one of them up to∼ 56 MeV. For
each of these peaks, the photon spectrum significantly hardens
above a break energy varying in the 0.4-0.7 MeV range. No sig-
nificant GR line (GRL) emission is detected. The main results
of our analysis are: (i) even if no significant GRL emission is
detected, the upper limit of the energy content in> 1MeV/nucl.
ions is comparable with the energy content in> 20 keV elec-
trons ( a few 1029 ergs), as it is found for GRL flares; (ii) during
the whole event, the centimetric-millimetric emission is radiated
by >∼ 0.4-0.7 MeV electrons which have been accelerated since
the very beginning of the flare; (iii) the different HXR/GR peaks
are associated with step-wise changes of the magnetic structures
to which metric-decimetric radio producing electrons have ac-
cess. This latter characteristic of the 1990 June 11 burst is glob-
ally similar to the behaviour reported in the literature for GRL
events, but the energy in accelerated particles is about one order
of magnitude lower. Finally, the electron-dominated emitting
peak with emission up to∼ 56 MeV is interpreted as a signa-
ture of an upward moving population of relativistic electrons
which is strongly beamed along the magnetic field and which
does not contribute significantly to the centimetric-millimetric
and<∼ 0.2 MeV HXR emissions. The metric-decimetric radio
observations indicate that this happens when electrons have sud-
denly access to large-scale magnetic structures.
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1. Introduction

Extensive hard X-ray (HXR) and gamma-ray (GR) observations
performed over the past two decades have established that ac-
celeration of both bremsstrahlung (sometimes up to> 10 MeV)
producing electrons and GR line (GRL) producing ions is a
common feature of solar flares (e.g. Chupp 1996 and references
therein). Even if a single acceleration process cannot by itself
accelerate electrons and ions in a wide energy band (Miller et al.
1997), there is strong evidence that the two particle species are in
most events energized simultaneously. Indeed: (i) there is a close
similarity between the time evolution of the HXR/GR electron
bremsstrahlung continuum and that of the prompt GRL emis-
sion from 1-100 MeV/nucl. ions (e.g. Forrest & Chupp 1983;
Chupp 1990; Talon et al. 1993a; Trottet et al. 1993a); (ii) when
the statistics are sufficient, GRL emission has been measured at
the very beginning of some flares, before the fast rise of the HXR
emission (Chupp et al. 1993; Trottet et al. 1994; Debrunner et
al. 1997). A number of studies has shown moreover that there is
a rough correlation between the HXR electron bremsstrahlung
fluence and the GRL one, down to the sensitivity limit for GRL
detection by the Gamma-Ray Spectrometer on the Solar Maxi-
mum Mission (e.g. Forrest 1983; Vestrand 1988; Vestrand 1991;
Cliver et al. 1994). This supports the idea that energetic elec-
trons and ions may be accelerated in all flares. Furthermore,
it has been recently estimated that the total ion energy content
above 1 MeV/nucl. is comparable to the total electron energy
content above 20 keV (Ramaty et al. 1995). There is however a
strong variability of the bremsstrahlung component compared
to the nuclear line component (i.e. of the relative efficiency of
electron acceleration with respect to ion acceleration), from one
flare to another (see Fig. 3 in Miller et al. 1997) and even during
a given flare (Chupp et al. 1993; Marschhäuser et al. 1983). In
this context, the observations of short duration ( a fewseconds
to a few tens of seconds) bremsstrahlung (> 10 MeV) transient
bursts occuring any time during a flare (Rieger 1994) are chal-
lenging. These bursts, referred to as electron-dominated events
(Rieger & Marschḧauser 1990), are characterised by weak or
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no detectable GRL emission and by hard>∼ 0.8-1 MeV electron
bremsstrahlung spectra which extend up to a few tens of MeV
(Marschḧauser et al 1983). The apparent lack of GRL emission
in these bursts does not necessarily contradict the possibility
that electrons and ions are produced in all flares. Indeed, Cliver
et al. (1994) noticed that, given the relative values of the>50
keV photon flux and of the upper limit of the GRL fluence in
these events, they do not constitute a special class of bursts and
seem to follow the general correlation observed between the
two fluences. Electron-dominated transient bursts thus appear
as an extreme case of variability of accelerated electron and ion
contents.

Multiwavelength studies of a few events, combining HXR,
GR, optical and radio observations, have indicated that, during
a flare, changes in the spectra of both electrons and ions are
associated with the appearance of new coronal radio emitting
sources and/or new Hα eruptive sites (Raoult et al. 1985; Ẅulser
et al. 1990; Chupp et al. 1993; Trottet et al. 1993b; Trottet et al.
1994). This led to the idea that the small (∼ 103-104 km) and
large (∼ 105 km or more) scale magnetic structures involved
in particle acceleration and transport do not remain the same in
the course of a flare and that the characteristics of the acceler-
ated population are dependent on these magnetic structures. It
was furthermore suggested that the relative efficiency of elec-
tron versus ion acceleration strongly depends upon the physical
conditions (magnetic field, density, temperature,...) which char-
acterize the magnetic structures involved at a peculiar time in
the flare development (e.g. Trottet 1994 and references therein).
At present these conclusions have been drawn from the analysis
of HXR flares and of a few flares with strong GRL emission.

In this paper we have carried out the first multiwavelength
analysis of an electron-dominated event associated with a Hα

flare located close to the solar disk center. We have performed
a detailed analysis of the 0.1-100 MeV HXR/GR measure-
ments and of millimeterwave to meterwave spectral and imag-
ing radio observations. As in the previous multiwavelength
studies of GRL events, we estimated the total energy con-
tent in electrons and ions, studied the time evolution of the
bremsstrahlung spectrum and its relationship with the evolution
of the magnetic structures inferred from the metric-decimetric
radio data, discussed the relationship between bremsstrahlung
and centimetric-millimetric emitting electrons and investigated
under which conditions> 10 MeV bremsstrahlung emission
can be observed from a disk flare.

2. Description of instrumentation

The HXR/GR observations were made with the PHEBUS ex-
periment on board the French-Russian GRANAT mission. PHE-
BUS consists of six detectors with axes parallel to the cartesian
coordinate system of GRANAT (Barat et al. 1988). Each detec-
tor is a cylindrical BGO scintillator with a diameter of 7.8 cm
and a length of 12 cm surrounded by a plastic anticoincidence
shield. Two of the six detectors, which have their axis essentially
perpendicular to the Earth-Sun line, are suitable for solar flare
observations. In this study of the 1990 June 11 flare, we have

analyzed observations obtained by one of these two detectors
from 0942:48 UT till 0954:03 UT. These observations consist
of 39 channel spectra in the 0.12-90 MeV energy range. Until
0943:25 UT the spectra are recorded with a variable accumu-
lation time (time to spill mode). Afterwards the accumulation
time is 1 second below 10 MeV and 4 seconds above 10 MeV.

The centimetric-millimetric observations were carried out
with the Bern polarimeters at 3.1, 5.2, 8.4, 11.8, 19.6, 35 and
50 GHz. The total solar flux including circular polarization was
sampled every 0.1 s during the event. Due to problems with
receiver gain switching at the lowest frequency the flux at 3.1
GHz has saturated during the peak from 0943:40 till 0944:11
UT. The data were calibrated with absolute values of the quiet
sun published in the Solar Indices Bulletin (NGDC, Boulder,
Colorado). Observed quiet sun fluxes above 15.4 GHz are not
available on a regular basis. Therefore values of 700, 2400, and
4500 sfu have been taken for 19.6, 35.0 and 50 GHz (Croom
1979). These values are typically independent of non flare solar
activity (S-component) that becomes prominent below 10 GHz.
The observed quiet sun data before the burst and the data from
sky observations were used to calibrate the burst fluxes within
an error of approximately± 10%. In order to reduce noise, espe-
cially at higher frequencies, all flux time profiles were smoothed
over a time interval of 1s (running mean) before analysis.

The metric and decimetric spectral radio observations (100
MHz-3 GHz) have been obtained by two spectrometers of ETH
Zürich. The PHOENIX digital instrument is a frequency-agile
receiver fully controlled by a microcomputer (Benz et al. 1991).
It has recorded 20 selected channels below 1 GHz and 180
equally spaced channels between 1.0 and 3.0 GHz. The flux den-
sity and circular polarization (Stokes V parameter) were mea-
sured with a time resolution of 0.1s. The channel width above 1
GHz was 10 MHz, below it was 1 or 3 MHz selected to avoid ter-
restrial interferences. The second spectrometer (DAEDALUS,
Tarnstrom 1973) is a swept-frequency instrument continuously
recording the full 100-1000 MHz range on film. The film has
been scanned yielding digital data with a resolution of about 2
MHz and 0.3 s. The low-frequency channels of PHOENIX have
been used to calibrate the DAEDALUS data in frequency, time
and flux density. The data of both spectrometers can be analyzed
in the forms of spectra, time profiles or spectrograms.

Radio imaging observations in the metric-decimetric range
were obtained with the Nanc¸ay Radioheliograph (NRH) (The
Radioheliograph group 1983, 1989). The 1990 June 11 flare was
recorded with the Mark IV version of the NRH which provides
one dimensional images (total intensity and circular polariza-
tion) in the east-west (EW) direction at 164 MHz and in the
north-south direction (NS) at 164 MHz, 236.6 MHz, 327 MHz,
408 MHz and 435 MHz. During the 1990 June 11 event, the
spatial resolution of the NS array, inversely proportional to the
observing frequency, was 3.8′ at 164 MHz. Four images per sec-
ond were recorded at each frequency. The EW array operated
only at 164 MHz with a spatial resolution of 1.6′ and a time
resolution of 0.02 seconds. At 164 MHz the EW and NS one
dimensional images allow us to obtain the 2-d position of the
centroids of the emitting sources, projected on the solar disk.
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Fig. 1.The time evolution of the HXR/GR count rate recorded by PHE-
BUS in different energy bands. For each energy band, the dotted line
indicates the background count rate.

At the other frequencies, only NS images are available and the
projection on the solar disk of the actual position of a given
source lies along a straight line. The accuracy of absolute po-
sition measurements is about 0.2′ and 0.5′ for the EW and NS
arrays respectively.

3. Multi-wavelength observations of the 1990 June 11 flare

3.1. Hard X-ray and gamma-ray observations

The 1990 June 11 Hα 2B (GOES M4.5) flare occurred in NOAA
region 6089 (N10 W22) at 0934 UT. This flare was detected in
the HXR/GR domain by PHEBUS from about 0942:56 UT to
about 0945 UT. Former studies of the 1990 June 11 HXR/GR
burst (Talon et al. 1993b; Vilmer et al. 1994a) have shown that,
despite its short duration, the time structure of the∼100 keV
count rate is complex. It exhibits both fast variations on sub-
second time-scales and slower ones on time-scales ranging from
a few seconds to a few tens of seconds. The present analysis only
considers these latter variations.

Table 1. Onset and end times of the HXR/GR emission in different
energy bands (see text)

Energy (MeV) Onset time (UT) End time (UT)

0.12-0.15 0942:59± 3s 0944:56± 1s
0.22-0.37 0943:12± 4s 0944:14± 2s
0.50-0.66 0943:19± 4s 0943:58± 4s
0.85-1.60 0943:22± 3s 0943:58± 4s
3.66-7.56 0943:26± 4s 0943:46± 4s
10.20-56.00 0943:34± 4s 0943:46± 4s
56.00-90.00 No flux No flux

Table 2. Photon spectrum parameters obtained for the different
HXR/GR peaks and for the whole event (see text for the definition
of the parameters)

A (at 0.1 MeV) γ1 γ2 Eb

(ph(cm2MeVs)−1) (MeV)

a ≈ 18 ≈ 4
b 564± 100 5.0± 0.1
c 1053± 50 4.4± 0.1 2.0± 0.1 0.36± 0.05
d 566± 30 2.9± 0.1 1.7± 0.1 0.74± 0.10
e 619± 60 4.2± 0.1 2.0± 0.1 0.38± 0.05
f ≈ 37 ≈ 4
S 357± 50 4.0± 0.1 2.0± 0.1 0.35± 0.05

Fig. 1 displays the time evolution of the HXR/GR count
rate detected in five energy bands. The time intervals when the
enhanced count-rate in different energy bands is at least 3σ
above the background are reported in Table 1. The onset of the
HXR/GR emission occurs progressively later, the higher the
photon energy. Such energy dependent delays in the onset times
of the HXR/GR emission have been also reported by Klein et
al. (1987) and Chupp et al. (1993).

The 0.12-0.15 MeV count rate exhibits broad peaks marked
a, b, c, d, e and f in Fig. 1. Among the four most intense ones (b,
c, d, e), only peak d shows significant (> 3σ above background)
emission in the 10-56 MeV band. Peak c is only associated with a
marginally significant (<3σ above background) emission above
10 MeV around 0943:22UT. Spectral analysis was performed
for count spectra accumulated on time intervals correspond-
ing to these six peaks. A trial photon spectrum, defined by a
set of free parameters, is convolved with the detector response
function to construct a test count spectrum. Aχ2minimization
algorithm is used to determine the free parameters providing
a test count spectrum which reasonably fits the observed one.
The fit is considered acceptable when the reducedχ2 is ≈ 1 and
when the uncertainties in all fitted parameters are smaller than
the parameters themselves. For the six peaks it is found that
a photon spectrum represented by a single or a double power
law leads to a reasonable agreement between test and observed
count spectra. Table 2 displays the values of the parameters de-
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Fig. 2. Background subtracted HXR/GR count spectra observed by
PHEBUS during peaks c and d (errors bars). For each spectrum, the
solid curve represents the best fit model (see Table 2)

termined for each of the six peaks and for S, the count spectrum
accumulated over the whole event from 0943 to 0945 UT.

1. For peaks a, b and f, significant emission is only detected
at low energies so that a single power law photon spectrum,
given by A(hν)−γ1 was considered. The free parameters are
thus A (photons cm−2 MeV−1 s−1), the photon flux at 0.1
MeV, andγ1 the power law index. Due to the low count rate,
these parameters are poorly determined for peaks a and f,
and we just take the results as an indication thatγ1 ≈ 4.

2. For peaks c, d and e, where significant> 1 MeV emission is
detected, it is necessary to consider a double power law to
obtain a satisfactory representation of the measured count
spectra. This is illustrated in Fig. 2 where the test count
spectra (solid lines) have been overplotted on the observed
ones (1σ error bars) for peaks c and d. The free parameters
are then A andγ1 as before,Eb the break energy andγ2
the power law index for hν > Eb. Table 2 indicates that
during peaks c and e, the photon spectrum has a similar
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Fig. 3.Comparison of the time evolution of the centimetric-millimetric
flux density observed by the Bern polarimeters at 5.2 GHz, 11.8 GHz
and 35 GHz with that of the HXR/GR detected by PHEBUS in the
0.12-0.15 MeV and 0.32-0.57 MeV energy bands

shape. During peak d,Eb is shifted to a significantly higher
photon energy and the whole spectrum is harder, the larger
hardening occurring belowEb. Fig. 2 shows that there is no
significant excess (> 3 σ) above the expected count spectra
in the 1-8 MeV energy range. This indicates that prompt
GRL as well as the 2.23 MeV neutron capture line are not
significantly detected. The 2.23 MeV line is also lacking
during the decay phase of the event. Moreover during peak
d there is a significant spectral rollover above∼ 56 MeV. The
present analysis confims earlier suggestions made by Talon
et al. (1993a) and by Vilmer et al. (1994b) that the spectral
characteristics of the 1990 June 11 event are similar to those
obtained by Rieger & Marschhäuser (1990) for electron-
dominated events, i. e.: (i) GRL emission, if produced, is
weak; (ii) the HXR/GR spectrum extends beyond 10 MeV
and exhibits a high energy rollover around a few tens of
MeV.
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Fig. 4. Time evolution of the 35 and 50 GHz radio flux density (Bern
polarimeters) and of the power law index of the centimetric-millimetric
spectrum in different frequency intervals (see text)

3.2. Centimetric and millimetric radio observations

Centimetric-millimetric emission is observed during the whole
HXR/GR burst in the available 3-50 GHz range of observing
frequencies. Fig. 3 shows the time evolution of the radio flux
density at 5.2 GHz (optically thick part of the spectrum), 35
GHz (optically thin part of the spectrum) and 11.8 GHz (around
the turnover frequencyfmax). For comparison the 0.12-0.15
MeV and 0.32-0.57 MeV HXR count rates are also displayed.
The time profile of the optically thin centimetric-millimetric
emission is similar to that of the 0.12-0.15 MeV HXR emission.
While peaks b, c, d and e are clearly seen at both 35 and 50 GHz,
peak a is detected up to 35 GHz and barely visible at 50 GHz
(see Fig. 4). Peak f is also seen in the optically thin part of the
centimetric-millimetric spectrum up to 19.6 GHz.

From the start of the centimetric-millimetric event until∼
0944 UT, the turnover frequencyfmax lies between 11.8 GHz
and 19.6 GHz. At∼ 0944 UT,fmax starts to drift towards lower
frequencies. After∼ 0944:13 UTfmax is less than 5.2 GHz.
Between two successive observing frequencies the shape of the

centimetric-millimetric spectrum has been taken as a power law
of the form fa. Fig. 4 displays the time profiles at 35 GHz and
50 GHz together with the temporal evolution of the spectral
indices a1, a2, a3 and a4 determined respectively between 50
and 35 GHz, 35 and 19.6 GHz, 19.6 and 11.8 GHz and 8.4
and 5.2 GHz. Fig. 4 shows that these spectral indices are time
variable. For the optically thin part of the spectrum: (i) a2 ≈
−1.5 during peak a; (ii)a1 remains relatively constant around
−1.5 during peaks b, c, d and e; (iii) during the decay phase of
the centimetric-millimetric event (after∼ 0943:53 UT) a1 and
a2 increase from≈ −1.5 to≈ −0.5, while a3 remains around
−2 and a4 becomes negative after 0944 UT.

3.3. Metric and decimetric radio observations

In Fig. 5, the 0.12-0.15 MeV HXR count rate is compared with
metric and decimetric radio emission. The Phoenix spectrome-
ter was programmed to trigger data recording for enhanced flux
below 2 GHz. It started recording at 0943:32 UT (see the spec-
trogram from 0.9 to 3.0 GHz in Fig. 5). Also shown in Fig. 5
is the radio dynamic spectrum recorded in the≈ 300-500 MHz
range by Daedalus and the time profile of the radio flux density
recorded at six metric frequencies by PHOENIX and the NRH.
The positions of the radio emitting sources observed with the
NRH at 164 MHz, 236.6 MHz, 327 MHz, 408 MHz and 435
MHz are shown in Fig. 6 during four intervals of time. The
locations of active regions NOAA 6089 (where the Hα flare
occurred) and NOAA 6095 are also indicated. The main char-
acteristics of the radio emission in the metric-decimetric range
and the comparison between HXR and radio observations dur-
ing the four time intervals marked in Fig. 6 are outlined below
(see also Table 3 for a summary).

0943-0943:33 UT (peaks a, b, c)From the onset of the 0.12-
0.15 MeV emission to the onset of the 10-56 MeV emission
(peaks a, b, c) the only emission observed by the NRH and
DAEDALUS instruments in the 100-1000 MHz domain is a
weak pre-existing noise storm. Its intensity is not significantly
modified during the flare. The bursts seen on the 164 MHz time
profile (Fig. 5) are type I bursts associated with the noise storm
activity. Since PHOENIX observations were not triggered dur-
ing this time interval, no significant radio emission was present
in the 1-2 GHz domain.

0943:33-0943:45 UT (peak d)This time interval starts with the
onset of the 10-56 MeV HXR/GR emission (peak d) which re-
markably coincides with the onset of the decimetric radio emis-
sion. Radio emission is only observed at frequencies higher than
375 MHz. A detailed inspection of the time profile of the radio
flux at different frequencies shows that in the 375-550 MHz
band the emission consists of a succession of discrete type III
bursts which are weakly polarized (< 5% right handed). The
lack of both continuum and type III emission below 375 MHz in-
dicates that electrons remain confined in magnetic loops which
do not reach the high corona. This cutoff frequency (375 MHz)
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Table 3.Synopsis of radio emissions during the different HXR/GR peaks.

Time interval 0943-0943:33 0943:33-0943:45 0943:45-0944:03 after 0944:03
(UT)

HXR/GR peaks a,b,c peak d peak e decay and
up to 56 MeV peak f

decimetric- no flare related IIIdm III dm, RS continuum
metric emission 550-375 MHz 450-300 MHz <260 MHz

1-3 GHz no trigger IVdm, P, IIIdm, IVdm, P, IIIdm, IV P, IIIdm,
(PHOENIX) till 0943:32 UT RS RS RS

3-50 GHz 11.8≤fmax≤19.6 11.8≤fmax≤19.6 11.8≤fmax≤19.6 fmax decreases
(Bern) GHz GHz GHz fmax<5.2 GHz

after 0944:13 UT

Fig. 5. The top panel shows the time evolution
of the radio flux density observed at 260, 236,
208, 168, 166 and 164 MHz by the NRH and
PHOENIX instruments (an offset of−20, 30,
104, 110, 170 and 230 sfu has been respec-
tively added to the actual flux density). The two
middle panels display the radio dynamic spec-
tra recorded by DAEDALUS and PHOENIX in
the 300-500 MHz and 1000-3000 MHz bands
respectively. For comparison the time history of
the 0.12-0.15 MeV count rate measured by PHE-
BUS is plotted in the bottom panel
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must correspond to the plasma frequency (or its harmonic) of
the top of the loops, indicating an electron density of 1.8 109

cm−3 (resp. 4.5 108 cm−3). Fig. 6 shows that the 408 MHz and
435 MHz emitting sources are on a line located to the north of
the flaring region.

The beginning of this time interval (0943:33UT) is also asso-
ciated with the onset of a decimetric type IV burst observed from
about 0.6 GHz to beyond 3 GHz (Fig. 5). This emission is pro-
duced by a different mechanism than the centimetric-millimetric
continuum discussed in the preceding section. It is generally be-
lieved to be caused by non-thermal electrons trapped in loops
radiating at the upper-hybrid frequencyfuh=(f2

p +f2
e )

1
2 (where

fp andfe are respectively the electron plasma frequency and gy-
rofrequency). The low frequency cutoff (∼0.6 GHz) suggests
that these loops are denser than the loops outlined by the metric-
decimetric emission (since usuallyfe � fp in the solar corona).
The circular polarization of the type IV burst is opposite to the
one of the type III bursts.

0943:45-0944:03 UT (peak e)This time interval starts at the
end of the significant emission above∼4 MeV, which approx-
imately coincides with the beginning of peak e. Its end cor-
responds to that of the HXR/GR emission above 0.32 MeV.
Fig. 5 shows that from∼0943:45 UT, the metric-decimetric ra-
dio emission, which was previously detected only above 375
MHz, suddenly extends towards lower frequencies (down to∼
300 MHz). The radio spectrum consists of type III and of a con-
tinuum emission, usually referred to as type V radiation. The
low frequency cutoff (∼ 300 MHz) of the continuum suggests
that, here again, electrons are confined in loops. However these
loops are roughly half as dense (thus probably of larger scale)
than those involved during the previous interval of time. The
brightest features, observed between 300 MHz and 350 MHz,
are not polarized. Fig. 6 shows that while the 408 MHz and
435 MHz emitting sources remain on the same line as during
the previous time interval, the 327 MHz radio bursts arise from
two spatially distinct sources. The intensity ratio of the two 327
MHz sources is about 1 to 8. Both sources have a similar time
evolution of their flux density with coincident peaks (within±
0.25 s). This indicates that the two sources are signatures of
a common electron injection into two different loops or loop
systems.

At frequencies above 1 GHz, PHOENIX has identified some
decimetric type III and reverse drift bursts among the pulsations
of the type IV continuum. They differ from the continuum by
their opposite sense of polarization (left-hand circular).

0944:03-0945 UT (decay phase and peak f)This time interval
covers the decay phases of the 300-450 MHz radio event and of
the 0.12-0.32 MeV HXR/GR emission. A detailed inspection of
Figs. 1 and 5 shows that the HXR decay is not smooth, but ex-
hibits blurred time-structures. The first of these time structures
roughly coincides with a type III burst at 0944:03 UT and with
the onset of a faint continuum emission observed below 260
MHz. This low frequency continuum does not correspond to an
enhancement of the preexisting noise storm at low frequencies
because: (i) contrary to the noise storm emission, the contin-
uum emission is unpolarized; (ii) at 164 MHz the source of the
continuum lies at a significantly different position from that of
the southernmost 164 MHz noise storm source (see Fig. 6). At
236.6 MHz two sources are observed, their spatial distribution
being similar to that observed at 327 MHz during the previ-
ous time interval. The continuum radiation below 260 MHz and
the 0.12-0.15 MeV HXR/GR emission vanish together around
0944:55 UT. At∼ 0945:15-20 UT metric type III bursts are
observed below 260 MHz with no counterpart at higher radio
frequencies and in the HXR/GR domain.

At frequencies above 1 GHz, PHOENIX identifies several
reverse drift bursts (see Fig. 5) superposed on the pulsations of
the continuum as in the previous time interval. The bursts show
however a decreasing minimum frequency compared to those
of the previous interval (1.8 GHz at 0943:42 UT and 1.6 GHz
at 0944:47 UT) indicating a decreasing density in the source.
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In summary, we note that the coherent radio emissions pro-
duced by beamed or/and trapped electrons are all consistent
with closed magnetic field lines. However, the burst character-
istics change step-wise from one time interval to the other. The
evolution is not arbitrary. It has a trend from initial structures
too small for loss cone and/or beam instabilities to develop,
to larger and larger loops where these processes can occur at
frequencies above 1 GHz. A second, much larger loop system
where the 0.1-1 GHz emissions originate becomes also acces-
sible simultaneously with the changes in the small structures.
This second large loop system has also increasing dimension as
the flare progresses.

4. Discussion

4.1. Energy content in accelerated electrons and protons

Previous studies of the 1990 June 11 HXR/GR burst have shown
that the∼100 keV HXR flux exhibits fast time variations on
time-scales ranging from∼0.2 s to 0.5 s (Talon et al. 1993b;
Vilmer et al. 1994a). The bulk of the HXR emission is thus
most likely produced by thick target interaction of non thermal
electrons in dense regions (>1012 cm−3) where the collisional
life time of 100 keV electrons is smaller than the duration of the
fastest HXR pulses. This implies that the 100 keV HXR time
profile mimics that of the electron production rate. Using, as a
first approximation, the spectral parameters of the low energy
part of the photon spectrum given in Table 1 for the total photon
spectrum S and thick target calculations by Brown (1971) the
total energy content in>100 keV electrons, We(>100 keV)
is about 2.5 1028 ergs. By extrapolating the observed spectrum
down to 20 keV we get We(>20 keV)∼ 4 1029 ergs. The energy
content in flare accelerated electrons above 20 keV ranges from
∼ 1026 ergs for microflares (Lin et al. 1984) to∼ 1034 ergs for
giant flares (Kane et al. 1995) and lies in the range∼ 1028-1032

ergs for most of the observed HXR flares (e.g. Crosby et al.
1993; Lu et al. 1993). The 1990 June 11 flare appears thus as
a rather moderate HXR flare although a significant> 10 MeV
GR emission is produced.

As stated in Sect. 3.1. the number of excess counts due to
deexcitation lines, in the 4-7 MeV energy range, is less than
3 σ above the continuum. This corresponds to an upper limit
of ≈ 2 photons cm−2 for the 4-7 MeV GRL fluence. For GRL
events the power law index sp of the interacting proton spectrum
is found to range from about 3.5 to 4.5 (Ramaty et al. 1995).
We take a typical value, sp=4, and use yields of the 4-7 MeV
deexcitation lines and of the 2.23 MeV line given in Ramaty et
al. (1993) for ambient and interacting particle elemental com-
positions obtained for the 27 April 1981 event (Murphy et al.
1991). Assuming that the energy content in ions is twice the
energy content in protons (see e.g. Miller et al. 1997), this leads
to an upper limit of the total energy content in> 1 MeV ions
of Wi(> 1 MeV) < 3 1029 ergs. Using sp = 3.5-4.5 and the
upper limit of the 4-7 MeV GRL fluence given above, we con-
sistently find that the expected excess of counts due to the 2.23
MeV line falls below the 3σ level. From the analysis of 19 flares

detected by the Gamma-Ray Spectrometer on the Solar Maxi-
mum Mission, Ramaty et al. (1995) found that Wi(> 1 MeV)
is comparable to We(> 20 keV). As already stated by Trottet
& Vilmer (1997), the above estimates show that this may also
be the case for the 1990 June 11 flare which has all the charac-
teristics of electron-dominated events recognized by Rieger &
Marschḧauser (1990).

4.2. Relationship between HXR/GR and
centimetric-millimetric emitting electrons

The HXR/GR continuum is assumed to be produced by
bremsstrahlung emission of flare accelerated electrons. It is well
established that the same electrons also produce centimeter-
wave and millimeterwave emission via gyrosynchrotron radi-
ation. Numerous attempts have been made to relate quantita-
tively the bremsstrahlung and the gyrosynchrotron radiations.
For impulsive flares, like the 1990 June 11 one, different results
have been obtained. On the one hand it has been concluded
that gyrosynchrotron emission is produced in high magnetic
field regions (∼ 1000 G) by rather low energy electrons (< 200
keV) (see e.g. Kai 1986; Nitta & Kosugi 1986; Kosugi et al.
1988). On the other hand it has been found that this emission
is produced by high energy electrons (> 200-300 keV to> 1
MeV) in 300-400 G magnetic fields (see e.g. Gary 1985; Klein
et al. 1985; Ramaty et al. 1994). Furthermore, millimeter wave
emission has been attributed to high energy electrons around 1
MeV characterized by a very flat spectrum, much flatter that the
one deduced from X-ray observations below 200 keV (White
& Kundu, 1992; Kundu et al, 1994 and references therein). As
suggested by Vilmer & Trottet (1997), one possible reason of
such a discrepancy is the use, in most of the studies performed so
far, of HXR/GR observations obtained in a limited energy range
(most often below 500 keV) and of centimetric-millimetric ob-
servations made at only one or a few frequencies which does
not allow to clearly determine the shape of the electron popu-
lation nor the optical thickness of the medium. HXR/GR and
centimetric-millimetric observations obtained during the 1990
June 11 event do not suffer from the above limitations. This pro-
vides a unique opportunity to investigate which part of the elec-
tron spectrum contributes most significantly to the optically thin
centimetric-millimetric emission. A complete modelling taking
into account the involved magnetic field geometry would be
necessary to derive parameters like the electron numbers pro-
ducing the HXR/GR and centimetric-millimetric emissions (see
e.g. Klein et al. 1986; Pick et al. 1990). Metric-decimetric imag-
ing and spectral observations discussed in Sect. 3.3. indicate
that the involved magnetic structure is complex and evolving
with time. Thus in the absence of HXR and/or centimetric-
millimetric imaging observations, the present data set is un-
sufficient to constrain such a sophisticated analysis.

In the following we only attempt to relate the spectral slopes
of the bremsstrahlung and gyrosynchrotron emitting electrons.
We consider three cases proposed in the literature, referred
to below as: free propagation, turbulent trapping and perfect
trapping. LetδX and δR be the spectral indices of the elec-
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tron populations which produce respectively the HXR/GR and
centimetric-millimetric radiations andγ be the spectral index of
the HXR/GR photon spectrum. For the three cases considered
here the relationship betweenδX andδR andγ can be obtained
as follows:

- Free propagation: In this model accelerated electrons stream
freely along the magnetic field and produce thick target
HXR/GR emission in the chromosphere. The precipitating
electron flux,FX (electrons keV−1 s−1), is known from the
HXR/GR observations andδthick

X ≈ γ + 1 (e.g. Brown
1971). The centimetric-millimetric radio emission is re-
lated to the instantaneous number,NR (electrons keV−1),
of electrons in the centimetric-millimetric source located
above the HXR/GR source.NR ≈ FXτ , whereτ is the
time spent by the electrons in the centimetric-millimetric
source. For free streaming electrons,τ ≈ L/ve, where
L is the centimetric-millimetric source extent andve the
electron velocity along the magnetic field. Thus we get
δprec
R ≈ δthick

X + 0.5 ≈ γ + 1.5 for electrons up to a few
100 keV andδprec

R ≈ δthick
X ≈ γ + 1 for higher energy

electrons.
- Turbulent trapping: In this case electrons are partially

trapped in the coronal portion of a magnetic loop where
they produce the centimetric-millimetric emission. Elec-
trons precipitating from the trap are responsible for the
HXR/GR thick target emission. Such a model was consid-
ered in Ramaty et al. (1994) whereτ is given by a turbulent
diffusive trapping time which is independant of energy so
thatδturb

R ≈ δthick
X ≈ γ + 1.

- Perfect trapping: Here the centimetric-millimetric and
HXR/GR emitting sources are assumed to be cospatial with
the same electron population radiating both emissions. The
HXR/GR emission is produced through thin target interac-
tions (e.g. Brown 1971) so that we getδtrap

R ≈ δthin
X ≈

γ − 0.5

For several of the HXR/GR peaks observed during the 1990
June 11 event, the photon spectrum exhibits a marked spectral
hardening above a break energyEb . No simple formulae are
available in the literature to relate electron spectra to HXR/GR
spectra when such a hardening is present. As a first approxi-
mation we use calculations performed for a single power law
photon spectrum and apply them independently to each part (i.e.
below and aboveEb) of the observed photon spectra given in
Table 2. This is equivalent to consider that the two slope photon
spectrum is produced by two populations of electrons which
interact in different regions. The values of electron spectral in-
dices,δX are thus derived from the photon spectral indices,γ,
under some simplifications. In particular:

- The thick target and the thin target calculations by Brown
(1971) do not take into account the contribution of electron-
electron bremsstrahlung, which may become significant
above a few 100 keV. If this contribution is taken into ac-
count it leads to slightly steeper electron spectra (see e.g.
computations for thick target interactions by Skibo (1993)

presented in Ramaty et al. (1993)). For example a photon
index of 2 corresponds to an electron index of 3.2 instead of
3. Such a variation is small compared to the change of the
electron index implied by that of the observed photon index
(1.2 to 2) below and aboveEb. The conclusions drawn be-
low would thus still remain valid even if electron-electron
bremsstrahlung was taken into account.

- It was assumed that the HXR/GR emission was produced by
two independent populations of electrons with single power
law spectra. An alternative hypothesis is that the HXR/GR
emission is radiated by a single population of electrons the
spectrum of which is harder at high energies. This again
will not modify our conclusions. Indeed the spectral slopes
will remain about the same although the effects of a spectral
hardening in the electron spectrum will be seen at lower
energies in X-rays because of the convolution of the electron
spectrum by the bremsstrahlung cross sections.

Approximate calculations by Dulk & Marsh (1982) show
that the expected slope, a, of the optically thin centimetric-
millimetric spectrum is related to the spectral index of the
electron populationδR by: a ≈ 1.22 − 0.9δR. Thus we get
aprec ≈ 1.22−0.9(γ+1.5) for free propagation at low energies,
aprec =aturb ≈ 1.22−0.9(γ+1) for free propagation at high en-
ergies and for turbulent trapping andatrap ≈ 1.22−0.9(γ−0.5)
for perfect trapping. These estimations ofa can only be applied
to optically thin observing frequencies in the range 10-100fe
(Dulk & Marsh 1982) and for electron spectra with no upper
energy cutoff (Ramaty et al. 1994). This relationship is further-
more not greatly altered by the inhomogeneity in the emitting
source (Klein & Trottet 1984). In this study, the slope of the
centimetric-millimetric spectrum is derived from observations
at 35 and 50 GHz or at 19 and 35 GHz. Thus the expected values
of a are valid for magnetic fields in the range∼ 200-1000 G,
i.e. for typical magnetic field strengths quoted in the literature.

Table 4 gives the values ofaprec, aturb andatrap computed
for each HXR/GR peak by usingγ1 andγ2, the slopes of the pho-
ton spectrum for hν < Eb and hν > Eb respectively (see Table
2). The measured slope of the centimetric-millimetric spectrum,
given in Sect. 3.2., is a2 ≈ −1.5 during peak a and a1 ≈ −1.5
during peaks b, c, d and e. The comparison of these observed
values with those quoted in Table 4 appeals the following com-
ments:

- For most of the event (peaks c, d, e) the centimetric-
millimetric emitting electrons must be related to those emit-
ting the HXR/GR emission aboveEb. The values of the
centimetric-millimetric indices expected from the turbulent
trapping or free propagation models agree reasonably well
with the observed ones.

- The value of the observed centimetric-millimetric index dur-
ing peak b seems to indicate that the high energy electron
component of index≈ 3 produced during peaks c, d, e is
already present in the centimetric-millimetric source, even
if it does not give rise to a detectable high energy HXR/GR
emission.
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Table 4.Spectral indices of the optically thin centimetric-millimetric spectrum expected
from the HXR/GR photon spectrum measured during the different peaks (see
text for the definition of the symbols)

HXR/GR peaks a b c d e

γ1 (hν < Eb) 4.0± 0.5 5.0± 0.1 4.4± 0.1 2.9± 0.1 4.2± 0.1

aprec -3.7 -4.6 -4.1 -2.7 -3.9
aturb -3.3 -4.2 -3.6 -2.3 -3.5
atrap -2.0 -2.8 -2.3 -0.9 -2.1

γ2 (hν > Eb) 2.0± 0.1 1.7± 0.1 2.0± 0.1

aprec -1.5 -1.2 -1.5
aturb -1.5 -1.2 -1.5
atrap -0.1 +0.1 -0.1

- The only possibility that the centimetric-millimetric emis-
sion is related to the low energy HXR/GR component is
during peak a, providing that the HXR/GR and centimetric-
millimetric sources are identical (perfect trapping). This
is unlikely because we have shown in Sect. 4.1. that the
HXR/GR radiation is most likely produced in a thick tar-
get. As during peak b, this suggests that the harder electron
component of index≈ 3 is already at work.

In summary although the time profile of the optically thin
centimetric-millimetric emission ressembles more that of the
low energy (∼ 100 keV) than that of the>∼ 300 keV HXR/GR
emission (see Fig. 3), the comparison of the centimetric-
millimetric and HXR/GR spectral indices indicates that the
centimetric-millimetric radiation is produced by the high energy
part of the bremsstrahlung emitting electrons. Moreover our re-
sults strongly suggest that these high energy electrons have been
accelerated since the very beginning of the flare, even if their
flux is too small to produce a detectable HXR/GR emission.
A similar suggestion was drawn from comparative studies of
millimeter wave and HXR observations (Kundu et al. 1994 and
references therein).

4.3. HXR/GR and centimetric-millimetric emissions during
peak d

Table 2 shows that the spectral characteristics of the emission
during peak d are quite different from those determined during
the other peaks, in particular during peaks c and e. IndeedEb is
shifted from∼ 0.35 MeV to∼ 0.75 MeV, the HXR/GR spec-
trum belowEb is harder and there is significant> 10 MeV GR
emission. The lack of significant deexcitation and 2.23 MeV line
emission and the sharp rollover of the photon spectrum above
∼ 56 MeV indicate that the HXR/GR emission is mostly elec-
tron bremsstrahlung. Although the flux of> 0.2 MeV HXR/GR
emitting electrons substantially increases during peak d, such an
increase of the electron flux is not reflected in the optically thin
centimetric-millimetric emission. Indeed: (i) the turnover fre-
quency and the slope of the centimetric-millimetric spectrum

remain the same as during peaks c and e (see Sect. 3.2.); (ii)
the ratio of both the 35 GHz and 50 GHz flux densities to the
0.32-0.57 MeV HXR/GR count rate which stays about the same
during peaks c and e decrease by a factor of∼ 3 during peak
d. In the following we qualitatively discuss the implications of
this apparent contradiction.

Bremsstrahlung radiation from relativistic electrons is
strongly beamed along the particle velocity within a cone of
width ≈ 1/γe, whereγe is the Lorentz factor. Thus high energy
GR are produced by electrons moving toward the observer. For
example, calculations by Dermer & Ramaty (1986) indicate
that, for a monodirectional electron beam with spectral index
2.5 (i.e. an index consistent with the present observations at high
energies), the> 10 MeV (resp.> 40 MeV) GR flux is reduced
by ∼ 10 (resp.∼ 100), if the angle between the line of sight
and the beam velocity varies from 0◦ to 1◦. This may, at least
partly, explain the high energy rollover of the photon spectrum.
Because the 1990 June 11 flare is located close to the disk cen-
ter, it is reasonable to assume that the magnetic field is almost
radial in the vicinity of the feet of the flaring loops. Thus the>
10 MeV GR emission is mostly radiated either by: (a) an almost
isotropic electron population near the top of high density loops;
(b) by electron beams propagating upward along the magnetic
field.

In case (a) electrons are confined in high density, thus prob-
ably high magnetic field regions from which efficient gyrosyn-
chrotron radiation is expected. As this is not observed at 35 GHz
and 50 GHz, centimetric-millimetric emission may, for exam-
ple, lack if the plasma frequency at the loop top is of the order
of or larger than 50 GHz, i.e. if the density is>∼ 1013 cm−3

so that the< 50 GHz emission cannot escape. Such a scenario
seems to be unlikely because efficient electron acceleration is
not expected from such a high density medium.

Case b represents a plausible scenario, consistent with the
ensemble of the present observations. The occurence of type
III bursts in large scale structures support the idea of electron
beams moving upward along the magnetic field. These beams
will not produce substantial centimetric-millimetric radiation
from the loop legs because the observer views the magnetic
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field under a small angle and because electrons, at least high
energy ones, have to be strongly beamed towards the observer.
Scattering by collision or waves may spread the electron angular
distribution near the top of these large loops where the magnetic
field is viewed at a large angle. The decimetric type IV could
be a signature of such scattering waves. However the magnetic
field strength is likely to be too low to produce a substantial
increase of the 35 GHz and 50 GHz fluxes.

If the electron production region is located in the coronal
part of flaring loops, upward moving electrons would result
from reflection at mirror points located in the chromosphere
(e.g. Vestrand et al. 1991). Model calculations indicate that the
magnetic field and the density must increase with depth over
comparable scale heights in order to get substantial high energy
(> 10 MeV) GR emission from the reflected beam (e.g. MacK-
innon & Brown 1989, 1990; McTiernan & Petrosian 1991).
It should be finally remarked that the centimetric-millimetric
emission observed during peak d is similar to that produced
during peaks c and e so that the characteristics of the radiating
electrons and the physical parameters of the emitting sources
have not greatly changed. This strongly suggests that the elec-
tron population producing enhanced∼ 0.2-56 MeV HXR/GR
radiation and the magnetic structures in which these electrons
propagate are different from those involved in the bulk produc-
tion of the centimetric-millimetric emission. This is supported
by the fact that the onset of the> 10 MeV emission nearly
coincides with that of the metric-decimetric emission.

4.4. Magnetic structures and electron acceleration/ transport

The spectrum as well as the spatial distribution of the metric-
decimetric radio emission reveal step-wise changes with time
(see Sect. 3.3.). These changes do not appear arbitrarily in time
but coincide (within less than a few seconds) with the onsets
of different HXR/GR peaks which, for thick target interactions
(see Sect. 4.2.), directly reveal changes in the electron produc-
tion rate. It is widely believed that electron acceleration takes
place in low lying magnetic structures with typical scale lengths
ranging from a few 103 to a few 104 km and typical densities
in the range 109-1011 cm−3 (e.g. Benz & Kane 1986; Kane
1987; Benz & Aschwanden 1991; Klein 1994). Thus the small
time delays between changes in the particle production rate and
of the metric-decimetric emission patterns are short compared
to typical propagation times of magnetohydrodynamic (MHD)
waves from the acceleration site to the metric-decimetric emit-
ting region (typical height of∼ 105 km or even more). We thus
conclude that changes in the spatial distribution of radio sources
reveal that during the successive episodes of acceleration, elec-
trons are injected into different large-scale magnetic structures
where they produce metric-decimetric emissions. Furthermore,
it is unlikely that electrons have access to the different large-
scale structures by diffusing across the magnetic field from a
single acceleration site (as e.g. a single flaring loop) because
such a mechanism is not efficient in a medium with density>
109 cm−3 and too slow to account for rapid changes (Achterberg
& Kuijpers 1984).We thus suggest that the electron access to the

large-scale structure is a consequence of step-wise changes of
the spatial distribution of the different flaring loops involved
in the acceleration region. Correia et al (1995) have reported
millimetric radio observations of one flare which support this
scenario. Their observations show indeed that the spatial distri-
bution of the 48 GHz emitting sources is complex and rapidly
changing on time-scales of a few seconds to a few tens of sec-
onds.

The results of the comparison of HXR/GR, and radio emis-
sions observed during the 1990 June 11 event are consistent
with earlier findings by de Jager & de Jonge (1978) that elec-
tron acceleration during flares results from a succession of ac-
celeration episodes they referred to as “elementary flare burst
(EFB)”. The present study provides some evidence that these
EFB’s are successively emitted in different small scale (103-104

km) structures from which non-thermal electrons have access
to different large scale (∼ 105 km) magnetic structures. From
the onset of the 1990 June 11 flare to its decay phase large-scale
structures of increasing size and decreasing density are involved
(see Sect. 3.3.). Moreover it should be emphasized that during
peaks a, b and c electrons are confined within rather low lying
loops since there is no metric or decimetric emission. The ac-
celeration of relativistic electrons giving rise to> 10 MeV GR,
if any, is weak. However such an acceleration becomes dra-
matically more efficient, when suddenly the acceleration site is
connected to larger-scale structures (peak d). Chupp et al. (1993)
also reported that efficient acceleration of relativistic electrons
and energetic protons occurs in coincidence with the sudden
involvement of large-scale structures which were not activated
at earlier times in the flare. This latter result and the present one
may indicate that efficient production of high energy particles
requires that the acceleration site is connected to large-scale
coronal structures. This supports the suggestion by Kane et al.
(1995) that during the most energetic flares (“giant flares”) a
large fraction of the corona must contribute to the production
of non-thermal particles.

5. Conclusion

The main results of this first multiwavelength analysis of an
electron-dominated event, associated with an optical flare lo-
cated close to the disk center, are the following ones:

1. Considering upper limits of the GRL excess fluence (< 3σ
above the bremsstrahlung continuum), the>1 MeV/nuc. ion
energy content (<∼ 3 1029 ergs) is found to be comparable to
the> 20 keV electron content (≈ 4 1029 ergs). Thus the near
equipartition in energy between electrons and ions found for
strong GRL flares (Ramaty et al. 1995) may also hold for
the 1990 June 11 event, even if significant GRL emission
was not detected. It should however be emphasized that the
electron energy content of the present event is about one
order of magnitude below the lowest value estimated for
strong GRL flares (see Fig. 3 in Miller et al. 1997). The
present analysis thus supports the suggestion by Cliver et al.
(1994) that electron-dominated events may be considered as
weak GRL flares.
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2. The comparison of the spectral indices of the HXR/GR and
optically thin centimetric-millimetric emissions indicates
that this latter emission is radiated by electrons with en-
ergies in excess of 400-700 keV. It also provides strong ev-
idence that these high energy electrons have been produced
since the very beginning of the flare, even if their number is
too small to generate a detectable> 400-700 keV HXR/GR
signature.

3. Step-wise changes of the magnetic structures in which non-
thermal electrons propagate during the different peaks of the
HXR/GR emission are observed. Such a behaviour is not a
peculiar characteristic of electron-dominated events. Simi-
lar results were indeed found for a few GRL flares (Chupp
et al. 1993; Trottet et al. 1994). However, for the present
flare, the evolution of the magnetic structures is not arbi-
trary. From the flare onset to its decay phase accelerated
electrons have access to magnetic structures of increasing
size and decreasing density. In particular, the main HXR/GR
peak which corresponds to a strong increase of the>∼ 200
keV flux with GR emission up to∼ 56 MeV, coincides with
the switch on of the metric-decimetric radio emission, i.e.
when electrons have suddenly access to large-scale (∼ 105

km) magnetic structures. Similar analysis of other events are
needed to investigate if this sudden evolution from compact
to extended structures is a general characteristic of electron-
dominated bursts.

4. As the optical flare is close to the disk center, the electron-
dominated peak exhibiting GR emission up to∼ 56 MeV
is most probably radiated by an upward moving population
of electrons which is strongly beamed along the magnetic
field. The data suggest that this beamed electron population
is different from that radiating the bulk of the centimetric-
millimetric emission during this peak. Metric-decimetric
radio observations also suggest that the interplay between
small and large scale magnetic structures may play a crucial
role in producing the> 10 MeV GR emitting electrons. A
deeper investigation of this problem, which is beyond the
scope of this case study, would require the analysis of more
events. In particular, the beaming of both the> 10 MeV
GR emission and gyrosynchrotron radiation at high radio
frequencies along the electron velocities and the strong de-
pendency of the centimetric-millimetric flux on the viewing
angle with respect to the magnetic field indicate that it would
be crucial to compare observations for electron-dominated
events associated with flares spread over all longitudes.

In conclusion, this case study of an electron-dominated
event provides some evidence that these bursts may be globally
considered as weak GRL flares as was pointed out by Cliver et al.
(1994). It also strongly supports the suggestion by Rieger (1994)
that hard electron-dominated transients are peculiar events su-
perimposed on the bulk flare emission. In the present case the
data suggest that the main electron-dominated peak is produced
by electrons interacting in a magnetic stucture which is different
from those emitting the bulk of the HXR/GR and centimetric-
millimetric emissions.

Acknowledgements.We are grateful to Dr. K.-L. Klein for his helpful
comments and critical review of the manuscript. The research of the
french co-authors has been supported by the Centre National d’Études
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