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Abstract. We report new, unpublished data for the X class solar
flare on 1982 June 3 at 1142 UT (X8), using data from the SMM
GRS, the Nancay Radioheliograph, the RSTN network, and two
optical observatories. We demonstrate that ion and relativistic
electron acceleration both occur before the rise of the initial
major photon burst. We have also carried out a detailed compar-
ison of the time histories for emissions at 169 MHz, several mi-
crowave frequencies, and X-ray and y-ray energies from 14 keV
to above 10 MeV. The comparisons clearly show: (i) a close time
correlation of all emissions during the initial phase of the event,
indicating that acceleration (or release) of the electrons and ions
responsible for the different emissions likely came from the
same source, (ii) the different hard X-ray and  ray peaks are
associated with the appearance of new 169 MHz radio sources.
During the later phase of this event the energetic emissions were
predominately ~y rays and high-energy neutrons resulting from
an extended acceleration or trapping plus precipitation phase
characterized by energetic ions with energies up to a GeV with
little or no evidence for the presence of relativistic electrons.
During this time a moving Type IV burst developed and per-
sisted for at least 6 minutes. The Nangay radioheliograph data
do not show evidence for a large scale coronal Type II shock.
The results presented here show that the magnetic field topology
of the acceleration region evolves throughout the event indicat-
ing that acceleration in proposed simple single loop models is
not viable. From this analysis we conclude that the two bursts
of high-energy emissions which characterize this flare are due
to two different particle populations, which are accelerated and
propagate in different magnetic structures.
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1. Introduction

It is now well established that acceleration of both relativistic
electrons and «-ray line producing ions is a common feature of
the so called “impulsive solar flare” (Chupp 1984; Murphy et
al. 1992). Indeed there is strong direct evidence that often, if
not always, the acceleration of the two particle species is simul-
taneous, suggesting (in the simplest interpretation), a common
acceleration process (Forrest & Chupp 1983; Chupp 1990a).
Modelling of some solar flare events now implicitly assumes that
a flare is initiated in this manner (Murphy et al. 1987; Kocharov
et al. 1988; Guglenko et al. 1990; Ryan & Lee 1991). Even
though this new picture of flare particle acceleration is qual-
itatively and fundamentally different than what was believed
before 1980 (Wild et al. 1963; Wild & Smerd 1972), there is no
clear understanding as to how particle acceleration is initiated in
solar flares or even which mechanisms are applicable in specific
cases. For example, a recent paper on prompt ion acceleration
in solar flares (Ohsawa 1993) did not even address electron ac-
celeration while the two species may be closely related!

By using hard X-ray spectral and radio imaging observa-
tions Raoult et al. (1985) have deduced that changes in the ac-
celerated electron spectrum are directly related to the evolving
morphology of the active region magnetic field structure as im-
plied by radioheliograph observations. This general picture was
also confirmed by a study of an impulsive flare and a long-term
event by Trottet et al. (1993). Recently, Chupp et al. (1993) have
carried out a similar study, using multiwavelength observations
of a flare that occurred at 09:09 UT on 1989 September 9, which
included 7-ray line observations that give direct information on
the accelerated ion properties. The results of this study demon-
strate that changes in the spectra of both accelerated electrons
and ions are associated with the appearance of new coronal ra-
dio sources and chromospheric Ha sources that are probably
connected with the original and new energy release sites. Thus
the close connection of ion and electron acceleration and its
association with the evolving morphology of the active region
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magnetic field is further demonstrated. It is, therefore, of interest
to extend such multiwavelength studies to as many other flares
for which radio, optical, X- and y-ray observations exist. In this
paper a study is made of new, unreported radio, Ho and ~y-ray
observations for the unusual and dramatic flare at 11:42 UT on
1982 June 3. The new observations, combined with previous
analyses of this event give a more complete understanding of
ion and electron acceleration. The main goals in this paper are:
(i) to determine, as accurately as possible, the onset time of the
first nuclear reactions which will demonstrate the presence of
energetic ions (~ 30 MeV) and compare with the onset of elec-
tron acceleration; (ii) to investigate the morphology of the active
region magnetic field for the two bursts which characterize the
1982 June 3 flare.

2. Description of instrumentation

The high-energy photon observations of the flare were made
with the Solar Maximum Mission (SMM) Gamma-Ray Spec-
trometer (GRS), and its auxiliary X-ray detectors. The GRS
provides flare spectra and background spectra in several energy
channels between 14 keV and > 100 MeV with time resolutions
ranging from 1.024 s to 16.384 s. A full description of the SMM
GRS may be found in Forrest et al. (1980).

The radio observations of the flare were made with the
Nangay Radiohellograph (NRH) (The Radioheliograph Group
1983). This instrument provides one dimensional images with
circular polarization measurements in the east-west (EW) and
south-north (SN) directions. In 1982 the Mark III instrument
observed only at 169 MHz with a time resolution of 0.04 s. The
EW and SN images allow us to obtain the 2-dimensional posi-
tion of the centroids of the 169 MHz emitting sources projected
on the plane of the sky. The spatial resolution is about 1.2’ and
3.0’ for the EW and SN arrays, respectively.

For dynamic meterwave spectra, observations were pro-
vided by the ARTEMIS Radiospectrograph of the Paris Observa-
tory (Department of Space Research, courtesy of J. L. Bougeret
and M. Poquerusse) located at Nangay, with 115 channels cov-
ering the frequency range from 150 MHz to 470 MHz (Dumas et
al. 1982) and at Weienau from 36 MHz to 1000 MHz (Urbarz
1993).

Additional meterwave and microwave intensity data at sev-
eral discrete frequencies were provided by the United States Air
Force RSTN Station at Sagamore Hill, Massachussetts, USA
(courtesy of E. Cliver).

3. Observations

The 1982 June 3 Ha 2B (GOES X8) white light flare erupted at
1141 UT (GOES 1-8 A), in NOAA region 3763 (09°S,71°E),
which had produced numerous M- and X-class events between
June 2 and 15. Intense electromagnetic emissions were observed
from radio to y-ray wavelengths, followed by a burst of high-
energy neutrons observable at the Earth. Intense solar energetic
particle emissions (SEP) were recorded first by the Helios I
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Fig. 1a—f. Time histories, at the highest time resolution, are shown for
hard X rays (> 114keV), vy rays (> 25MeV), several RSTN radio fre-
quencies (Sagamore Hill) and the 169 MHz Nangay Radioheliograph
frequency. Time intervals, when important features occur, are identified
by Roman numerals and discussed in Sect. 3

spacecraft at 0.5 AU east of the Earth-Sun line which was well
connected to the flaring region. The time history of the y-ray and
X-ray and high-energy neutron emission reported previously by
Chupp et al. (1987, 1990a) shows continuous emission over the
entire interval from ~ 11:43 to 12:04 UT when SMM entered
into eclipse. Figure 1 (panels a and b) shows the time histories
for hard X rays > 114 keV and ~y rays > 25 MeV.

In the earlier work a first impulsive burst was identified
between ~ 11:43 UT and 11:44 UT during which the majority
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Table 1. Synopsis of electromagnetic emissions

649

[[__Time Interval [ 11:40:32-11:42:20 [[ 11:42:20-11:44 [[ 11:44-11:48 [[ After 11:48 i
Event Initiation First Burst I Extended emission
SXR GOES, HXRBS, GRS
HXR 100 keV 11:42:00
YR (> 300 keV) no emission 11:42:40
~R lines no emission 11:42:27
GRS (>10 MeV) no emission 11:42:50

B-B’ 11:44-11:45 (1) moving Type IV
NRH no emission A 11:42:20 () C-C’ 11:45-11:46:30 (III) Source D moves Northward (V)
A’ 11:43 D 11:46:30-11:48 (IV)
Radio Microwave 11:43:30 U, J, I, V continuum dam-cm continuum m-dam continuum
Spectral dam-A-cm-\ slow drifting features drifting slowly toward
Characteristics after 11:43 in dm-m range low frequencies

Note: The time indicated for yR lines (i.e. 11:42:27) is the beginning of a 16.384 s SMM GRS accumulation interval which ends at 11:42:43.5 UT.
Therefore, a precise initiation time of y-ray line emissionin this interval cannot be determined.

of the total emission for all energies < 25 MeV is produced.
During this period, Forrest et al. (1985), have also demonstrated
the presence of electron bremsstrahlung to, at least, 40 MeV and
7° meson decay + rays extending in energy above 100 MeV. A
second burst starting around 11:44 UT, initiated an extended
phase during which most of the y-ray emission is produced by
pion decay -y rays. Forrest et al. (1985), have shown that 80%
of the meson decay photons were produced in the extended
phase of the event which also gave rise to an intense flux of
neutrons observable at the Earth (Chupp et al. 1987). A complete
review of the emission characteristics of this event has been
given by Chupp (1990b), based on published works to mid-1989.
In the following we present a detailed comparison of the GRS
observations, the radio observations obtained at 169 MHz with
the NRH and with radio spectral data obtained by the ARTEMIS
radiospectrograph at Nangay in the (150—470) MHz band and
at Weilenau in the (36-1000) MHz domain. Figure 1 (panels
c—f) shows the time evolution of the event at several microwave
frequencies and at 169 MHz, the single operating frequency of
the NRH.

The evolution of the radio emission at 169 MHz observed
during the full event is displayed in Fig. 2, which shows isoin-
tensity contours as a function of time. The figure indicates that
the emission arises from different sources (marked by capital
letters) which appear at different times as the event evolves.
In accordance with the time profile of the > 25 MeV emission,
shown in Fig. 1 (panel a) and the evolution of the 169 MHz radio
emission pattern shown in Fig. 2, we divide the event into five
time intervals in each of which distinctive features appear. These
intervals, shown in Figs. 1 and 4, indicate the time of appearance
and duration of X-ray, v-ray line, and continuum (> 10 MeV)
emissions, as well as the intervals of time during which given
radio sources are observed. Table 1 summarizes all the electro-
magnetic emissions and gives the spectral characteristics of the
radio emission. The NRH row in the table defines the precise
times of these intervals in roman numerals and should not be
confused with spectral types.

3.1. Event initiation: 11:40:32-11:42:20 UT

The SMM HXRBS reports a start time for the 1982 June 3 event
at 11:40:32 UT (Dennis et al. 1991) for X rays > 25 keV. Using
the HXRBS and ISEE-3 data, Klein et al. (1987) have found that
the onset of X-ray emission occurs progressively later, the higher
the photon energy. This fact is confirmed by the SMM GRS
auxiliary X-ray detectors. During the interval of time considered
here only photon energies below 150keV where observed. In
the radio domain weak microwave emission is observed and
only a weak fast drift burst is detected at 11:42:13 UT in the
decimeter to meterwave bands.
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Fig. 2aand b. The Nangay radioheliograph isointensity contours for the
east-west (a) and north-south arrays (b) show the meterwave sources at
169 MHz as a function of time during the 1982 June 3 flare. The solid
lines indicate the east-west and north-south positions of the 169 MHz
source after 11:47 UT. The positions are given in instrumental units (1
unit corresponds to about 0.07 and 0.12 solar radii in the east-west and

north-south directions, respectively). The center of the Sun is at 33 in
both directions

© European Southern Observatory * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1994A%26A...288..647T&amp;db_key=AST

FT992A&A. © Z 2887 6471

650

3.2. First burst 11:42:20-11:44:00 UT

Figure 1 shows that the first major hard X-ray > 114 keV and -
ray > 25MeV bursts are initiated slightly before 11:42:50 UT
and reach maxima around 11:43:30 UT. Since it is of particular
interest to determine when ion acceleration is first evident we
study the evolution of the y-ray emission during the initial rising
phase of the first burst starting at 11:42:27.2 UT until 11:42:59.9
UT. The two photon-spectra for this time interval (temporal
resolution 16.384 s) are shown in Fig. 3. They were obtained by
adirect deconvolution of the background-subtracted GRS count
spectra (Marschhauser et al. 1992; Marschhéuser 1993) using
the UNH GRS response function model (Vers. 3.1) (Forrest
1992).

For both spectra, due to poor statistics, a quantitative sep-
aration of ~y-ray line emission, produced by nuclear reactions,
and continuum emission from bremsstrahlung of energetic elec-
trons, is not possible. Usually, the dominant bremsstrahlung
continuum below 1 MeV can be well approximated in flare ~-
ray spectra by simple power laws. However, in the first spec-
trum (11:42:27.2-11:42:43.5) UT the best powerlaw fit to the
data < 1MeV, as indicated in Fig.3 (panel a) and given by
(7.5 x (E/1MeV)~23+0.2) is only poorly defined. An extrapo-
lation of this power law to higher energies exceeds the observed
low flux between 1 and 3MeV as shown in Fig.3 (panel a).
We therefore conclude that the true bremsstrahlung continuum
is substantially steeper and deviates from a simple power-law
behavior above ~ 1 MeV! This initial spectrum, although less
intense than the following spectrum at 11:42:43.5-11:42:59.9
UT, and shown in Fig. 3 (panel b), reveals over the whole en-
ergy range from 0.3 MeV to 9 MeV the typical signature of nu-
clear components in flare v-ray spectra. Even when taking the
extrapolated power law as an upper limit for the flux due to
bremsstrahlung, the significant excess above this line of ref-
erence at energies > 3MeV can be identified as unresolved
and/or kinematically broadened nuclear lines. Furthermore, the
two line features at 1.4 MeV and 1.6 MeV are in agreement with
the strong deexcitation lines from Mg and Ne, respectively (see
Ramaty et al. 1979). This observation clearly shows that y-ray
line producing ions (~ 30MeV protons) have been produced
early in the 1982 June 3 flare along with high-energy electrons
(Lorentz factor v 2 1.6), before the major burst which began
at about 11:42:50 UT.

In the second spectrum (11:42:43.5-11:42:59.9) in Fig.3
(panel b) the intense bremsstrahlung dominates over the entire
energy range. The equation of the power-law fit shown in the
figure is given by (70 & 2.2) x (E/1 MeV)>#+0-%8 Dye to the
low line-continuum ratio no significant individual nuclear lines
can be identified, but a nuclear line excess is still evident con-
sistent with the fact that nuclear line production started in the
previous time interval. According to the above interpretation of
the initial spectrum, Fig. 3 (panel a), the bremsstrahlung spec-
trum is clearly extended above 1 MeV within this succeeding
16 s time interval (Fig. 3, panel b). This is consistent with the
earlier analysis of the hard X-ray spectral evolution in this event
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Fig. 3a and b. The deconvolved «-ray spectra from the SMM GRS are
shown during the initial part of the 1982 June 3 event. a (11:42:27.2—
11:42:43.5) UT before the major emission. b (11:42:43.5-11:43:00)
UT also before the major emission. Both the Mg and Ne lines evi-
dent in the a spectrum are masked by the greatly increased intense
bremsstrahlung shown in the b spectrum

by Klein et al. (1987) which showed a significant flattening at
~ 11:42:40 UT.!

Rieger (1994) has also studied the early development of this
event and identified two short bursts of (10-25 MeV) photon
emission lasting ~ 5s at ~ 11:42:55 UT and at ~ 11:43:06
UT just before the rapid increase of the emission at all energies
starting at ~ 11:43:12 UT. These peaks which are clearly seen
at energies above ~ 300 keV and are hardly recognized at lower
energies have been interpreted by Rieger (1994) as a signature
of impulsive events with hard electron spectra; i.e., the elec-
tron dominated events (Rieger & Marschhiuser 1990) which
are superposed on the developing flare emissions. This curious
phenomenon is apparently a reflection of chaotic acceleration
bursts rather than a process which steadily increases the energy
and number of particles.

The first significant emission observed at 169 MHz by the
NRH is initiated at 11:42:20 UT, arising from a source marked
A on Fig.2. A second source marked A’ on Fig.2 appears at
about 11:42:50 UT at a new location. The positions of these
two sources are shown in Fig. 4 as projected on the sky in heli-
ographic coordinates. In Fig. 5 the time evolution of A and A’
(panel a) is compared with that of the hard X-ray emission (56—
199)keV (panel b). This figure shows that the radio and hard
X-ray emissions have similar durations. Figure 5 also shows that
A and A’ (panel a) have comparable intensities after 11:43:06
UT, nearly in coincidence with the start of the fast rise of the
(> 25)MeV emission shown in Fig. 1 (panel a). Moreover, A
and A’ have similar time profiles thereafter indicating that they

1 Unfortunately, pulse pile-up effects caused by high counting rates

do not allow an interpretation of the GRS +«-ray spectra later than
11:43:00 UT
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Fig. 4. The location of the 169 MHz rources for the five intervals of
time marked I, II, III, IV and V on Fig. 1 (see also Table 1). The flare
region (F) is indicated by an open circle

both are fed by a common injection of electrons into different
large scale magnetic structures extending into the corona.

The dynamic spectrum for the (150-470) MHz frequency
band, shown in Fig. 6 indicates that the emission consists of a
series of fast drift bursts (IIL,U,J) starting at 11:42:19 UT around
200 MHz. The starting frequencies of these bursts drift to higher
values and a Type V continuum becomes visible at 11:42:52
UT. The emissions then extend rapidly to higher frequencies
and cover the whole (150—-470) MHz band by 11:43:00 UT. Dy-
namic spectra from WeiBenau and single frequency records in
the microwave domain indicate that, at that time, radio emis-
sion is detected in the whole radio spectrum from dekameter to
centimeter wavelengths.

The appearence of a new radio source at meter wavelengths
and the spread of the low frequency radio emission to decime-
ter wavelengths, which are observed during the rising part of

651
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Fig. 5a and b. The time history of hard X rays (56-199)keV and the
169 MHz radio emissions are compared, indicating that both emissions
are of comparable duration. Also, the sources A and A’ (see Fig. 2) have
similar time profiles after 11:43:06 UT

the first major burst during the 1982 June 3 event, is a typical
signature of the buildup of impulsive flares (e.g., Raoult et al.
1985).

3.3. Second burst 11:44-11:48 UT

Figure 1 shows that the second burst is characterized by two
peaks (at ~11:44:40 and 11:45:40 UT) in the (114-199)keV
band and by a broad peak (at ~ 11:45 UT) in the (> 25)MeV
band. (After 11:48 UT the hard X-ray and the microwave emis-
sion intensities do not show stucture in their time evolution and
slowly decay; see below.)

Figure 2 shows that the 169 MHz emission observed be-
tween 11:44 and 11:48 UT originates from a complex of sources
which are at other locations than the sources A and A’ detected
during the first burst. This new emission originates from sources
marked B and B’ as shown in Fig. 2 which appear between 11:44
and 11:45 UT in association with a subpeak in the hard X rays
(see Fig. 1). Another pair of radio sources, C and C’, appears
in association with another hard X-ray subpeak between 11:45
and 11:46:30 UT. An additional radio source, D, appears be-
tween 11:46:30 and 11:48 UT. It is associated with a peak in
the 8800 MHz time profile which may also be present in the
(114-199) keV time history (see Fig. 1 panel b). The projected
positions of the radio sources B-B’, C-C’ and D are shown in
Fig. 4.

The dynamic spectrum shown in Fig. 6 indicates that the
shift of the 169 MHz emission from sources A-A’ to the sources
B-B’, C-C’ and D correspond to changes of the spectral char-
acteristics of the radio emission. Indeed, during the time inter-
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Fig. 6. Radio dynamic spectrum in the (150-470) MHz frequency band observed durin g the 1982 June 3 flare with the ARTEMIS radiospectrograph
of Paris Observatory (Department of Space Research) located at Nangay (courtesy of J.L. Bougeret and M. Poquerusse). The five intervals of

time defined in Figs. 1 and 4 are reported on the upper abscissa axis

vals marked II, IIT and IV on the figure, one sees slow drifting
(~ 5MHzs~!) narrow band emission features superposed on a
wide band continuum.

3.4. Extended emission >11:48 UT

After 11:48 UT, the hard X-ray and ~y-ray line emissons have
decayed to near background levels while the GRS energy-loss
rates above 25 MeV remain at nearly the same level for several
minutes (see Chupp et al. 1987; Chupp 1990b). This character-
istic of the 1982 June 3 high-energy flare emissions has been
explained as a combination of meson decay +y rays (Forrest et
al. 1985) and the arrival of high-energy neutrons (Chupp et al.
1987) at the spacecraft, however, Fig. 1 (panel a) only shows the
7-ray time history. The microwave emission is also smoothly
decaying as shown in Fig. 1 (panels ¢ and d). In Fig. 6 (interval
V) it is evident that the meterwave radio emission is restricted
to frequencies below ~ 200 MHz and consists of a wide band
continuum, the starting frequency drifting slowly towards low
frequencies. Such a pattern is usually typical of Type II shock
emission. However, as shown in Fig.2, at 169 MHz the emis-
sion arises from a moving source which travels northward (see
also Fig. 4, panel V) with a projected velocity of ~ 400 kms~!.
Thus, according to the 169 MHz NRH observations, the radio
emission after 11:48 UT is most likely from a moving Type IV
contiuum source rather than from a Type II burst which would
result from a moving disturbance which, at a given frequency,
would have been detected as a source at a fixed position.

3.5. Ha emission

Unfortunately the Ho observations of this flare are sparse being
limited to filtergram observations at 11:40 and 11:41 UT at the
beginning of the flare and at 11:45 UT during the second emis-
sion period as discussed above. Figure 7 shows photographs
obtained from Catania (upper panel, courtesy of Dr. Rodono)
and Kanzelhche (lower panel, courtesy of Dr. Otruba). In spite
of this meager information, it is interesting to note that both ob-
servatories record the presence of a bright Ho region at 11:45
UT several degrees north of the active region in which the first

1982, JUNE 3

2)

()

44:45:02

Fig.7a and b. The 1982 June 3 flare observed at two times in Ho (a) at
Catania (courtesy of DrRodono) and at similar times (b) at Kanzelhéhe
(courtesy of Dr. Otruba)

brightening occurred. It is not possible to know when this fea-
ture was initiated but the later appearance of additional Ho emis-
sion regions remote from the primary flare is relatively common
(Wiilser et al. 1990) for flares giving rise to high energy - rays.
This was also the case for the 1989 September 9 flare (Chupp
et al. 1993).

4. Discussion

The evidence for early ion acceleration based on «-ray obser-
vations, and the association of changes in the photon spectrum
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with the time of appearance of new radio sources are presented
here for the first time for this event. The latter has been observed
however for other flares (Raoult et al. 1985; Trottet 1986; Trot-
tet et al. 1993; Willson et al. 1990; Chupp et al. 1993). Because
of the impulsive nature of the spectral changes and the location
of the different coronal sources it is clear that the evolution of
this flare involves successively different regions that are proba-
bly connected magnetically. The picture that an impulsive flare
from its very beginning involves processes occurring within a
single region (e.g., a single loop) cannot be used to explain
the development of this flare. The growing efficiency of the
production of accelerated ions and electrons as reflected in the
increasing yield of high-energy photons in the beginning of this
event can be interpreted most simply as the energization of the
particles in regions where the magnetic field topology increases
in complexity. It is important to note the additional early ap-
pearance of sporadic bursts of relativistic electrons (y > 20) in
this event (Rieger 1994).

We have observed that the radio spectrum has different char-
acteristics as the flare evolves. The radio emissions in the first
burst are Type III, J and V while during the extended emission
between 11:44 UT and 11:48 UT it consists primarily of a wide
band continuum and features of narrower bandwidth drifting
from high to low frequencies. If the drifting features are asso-
ciated with an upward moving coronal disturbance then using
a standard scale height value we obtain a velocity of 2000—
3000km s~!. While this is typical of shock velocities there is
no NRH evidence for a large scale Type II coronal shock. In-
deed, the slow drifting continuum observed after 11:48 UT (see
Figs. 2, 4, and 6) is due to a northward moving Type IV burst
with a velocity of ~ 400kms™!.

The previous studies of this event have concentrated on
quantifying and interpreting the y-ray line, high-energy ~y-ray
and neutron emissions from this event.? This was the first event
in which both meson-decay v rays were detected by the SMM
GRS (Forrest et al. 1985) and high energy neutrons were de-
tected at ground level by Debrunner et al. (1984). These re-
sults have been extensively discussed by Chupp (1984), Chupp
et al. (1987), Chupp (1990b) and theoretical modeling of the
high-energy emissions has been carried out by Ramaty and
collaborators (Murphy et al. 1987; Ramaty et al. 1990) and
Kocharov and collaborators (Kocharov et al. 1988; Guglenko
et al. 1990). The former authors have argued that the emissions
in the first and second bursts are due to two different popula-
tions of particles. Their analysis assumes that the first group of
particles is accelerated by a stochastic process, presumably in a
closed magnetic loop, and the second by a diffusive shock in the
corona. The stochastic and shock particle spectra are described
repectively, by a Bessel function with 7" = 0.04 and a form
p~° X exp(—E/Eqp) where p, E and Ep are in turn the particle
momentum, energy and turn-over kinetic energy. To fit the y-ray
and neutron observations the number of stochastic particles is
Np(> 30MeV) = 3.5 x 10** and the corresponding number of
2 A detailed determination of the v-ray line spectrum at the peak of
this event is not possible because of gain shift of the SMM GRS.
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shock particles is 2 x 103! with s = 2.4 and E,, = 300 MeV. On
the other hand the interplanetary proton spectrum observed in
space by Helios 1 (McDonald & Van Hollebeke 1985) is fit by a
shock spectrum with N,,(> 30 MeV) = 3 x 10 for s = 2.4 and
Eqp =300MeV. If it is assumed that the shock environment is
on open magnetic field line then the larger fraction of interplan-
etary to interacting particles is understandable if the same shock
process accelerates both species in the same region of space; and
only about 10% of the accelerated particles precipitate. There
is however no direct proof that this is, in fact, the case and it
is equally valid to assume that the two species are accelerated
by two separate processes but both triggered by the flare. The
absence of direct evidence for a coronal shock strongly sug-
gests that the interplanetary particles (SEP) are accelerated by
some other process! However, the new data we have presented
here do not contradict the model of Murphy et al. (1987) that
the first and extended high-energy v-ray/neutron emission pe-
riods are due to two different acceleration processes, although
the first particles need not be accelerated by a stochastic mech-
anism. The assumption by Murphy et al. (1987) that shocks are
responsible for the extended emission is supported by the fact
that the radio data suggests the presence of multiple shocks in
a limited altitude range in the low and middle corona. Never-
theless the present observations do not provide clues to decide
whether the SEP, observed by Helios, escape from the multiple
shock region or if they are produced by a third process.

Alternately, Kocharov et al. (1988) assumed that particle ac-
celeration took place in a large coronal loop only during the first
burst with the second maximum in the high-energy emissions
resulting from a sudden rise in MHD turbulence in the loop
causing a greatly increased rate of pitch angle scattering and
precipitation of GeV protons yielding the time extended me-
son decay +y rays and neutron emission.> Using for the primary
accelerated particle spectrum a power law with exponent —3.4
and N,(> 30MeV = 2 x 10%), Guglenko et al. (1990) were
able to fit all observed low and high-energy ~ rays and neutrons
observed during the event.

Another single flux tube model has been considered by Ryan
& Lee (1991) who assume that particles accelerated instantly
during the first burst (by an unspecified process) undergo “pro-
longed and gradual acceleration” to produce the delay between
the first and second burst. The gradual acceleration is a result of
second order Fermi acceleration in a turbulent MHD wavefield
within a loop.

Even though these simple models can explain many of the
observed features of the flare, it is difficult to reconcile a single
flux tube model with the NRH observations, discussed above,
which clearly indicate that the large scale magnetic structure is
different during the two bursts and is evolving in a complex way
throughout the event.

Mandzhavidze & Ramaty (1992) although assuming asingle
loop model for analyzing the high-energy emissions from this
3 As pointed out by Ramaty et al. (1990) in discussing this model,
the 4-7 MeV and pion -y rays observed in the first burst would be due to
the initial isotropically accelerated protons which are in the loss cone.
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flare point out that the second major y-ray emission pulse could
be produced by particles trapped in a different loop or even
by particles accelerated outside the loop by a coronal shock.
Because the NRH data shows no evidence for a meterwave Type
II event our radio data do not provide an argument in favor of
this latter possibility.

5. Conclusion

The main conclusions from the analysis presented in this paper
are:

1. Both ion (~ 30MeV) and relativistic electron accelera-
tion occur early in this event, about 1 minute before the initiation
of the major burst of energetic photons at all energies. This fea-
ture is similar to that seen in the 1989 September 9 solar flare
recently reported by Chupp et al. (1993).

2. The increased efficiency of the particle production, start-
ing with the onset of the first burst at 11:42:20 UT, is nearly
coincident in time with the appearance of a new radio emitting
source in the corona. This feature of an impulsive hard X-ray
flare has been reported previously by Raoult et al. (1985) and
Willson et al. (1990) (cf. also Willson 1993) and is also clearly
evident in a significant y-ray line flare (Chupp et al. 1993).
A similar phenomenon has also been detected on ~ 30keV
X-ray images (Hernandez et al. 1986; Machado et al. 1988).
This reflects rapid changes in the topology of the flare associ-
ated magnetic field driven, for example, by the emergence of
new magnetic fluxes and/or by enhanced foot point motion or
magnetic shears (e.g., reviews by Hagyard 1990; Martin 1990;
Moore 1990 and references therein).

3. The energetic photon and radio emissions, though they
arise from sources at very distant locations, switch on and off
nearly simultaneously. This indicates that both kinds of emis-
sions, at a given time, are produced by particles which have been
drawn from the same region (e.g., Klein et al. 1983; Raoult et
al. 1985; Trottet 1986). However, the acceleration mechanism(s)
for ions, whether they are different than for electrons or not, op-
erate in different magnetic topologies for the first and second
bursts!

4. There is no evidence for a large scale coronal shock from
the NRH observations.

In summary we emphasize that the NRH observations show
that the large scale magnetic structure evolves in a complicated
manner as the event progresses, demonstrating that a simple
single loop model is not viable! Our analysis of the 1982 June
3 flare is consistent with the concept of Murphy et al. 1987 that
the first and second bursts of energetic photon emissions are due
to different particle accelerations. It is also consistent with the
same acceleration processes acting in different magnetic envi-
ronments during the two bursts. While there is no radio signature
of shocks during the flash phase our data strongly suggest the
presence of shocks during the extended phase. Nevertheless,
these shocks are multiple and occur in a limited altitude range
in the low and middle corona. Moreover, due to the various
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locations of the radio sources it seems unlikely that particle ac-
celeration during the flash phase may serve as a seed population
for shock acceleration during the extended phase.
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