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Abstract. Radio observations and interplanetary particle mea-
surements have shown that even in the absence of conspicuous
violent processes in the low atmosphere (such as Hα flares) elec-
trons are accelerated in the corona, most likely at higher altitudes
than during flares (≥0.5 R� above the photosphere). The paper
presents direct evidence on the acceleration sites from a case
study of radio, visible light and soft X-ray observations: elec-
trons are repeatedly accelerated in a large-scale coronal structure
which is identified with a streamer in coronographic observa-
tions. Energy is simultaneously released in an active region near
the base of the structure and at a height of ∼1 R�, over several
hours before the large-scale structure erupts. Energy input is
observed in at least two emerging active regions underneath
the streamer. The coronal configuration is three-dimensional,
overlying a whole quadrant of the Sun. It is argued that the ob-
servations trace multiple sites of energy release presumably in
current sheets embedded within the streamer, in agreement with
scenarios developed for the acceleration of electrons seen in the
corona and at 1 AU, and for the evolution of large-scale coronal
structures towards eruption.
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1. Introduction

Suprathermal electron populations are a characteristic signature
of energy release associated with active regions on the Sun. The
structures where, and the mechanisms by which, particles are
energized have not yet been identified. Although the bulk of
the nonthermal particles seen during flares is accelerated at low
heights (∼ 104 km; cf. Lin 1993; Klein 1994 and references
therein), there seems to be significant acceleration at least of
low-energy electrons at altitudes∼ 2·105 km (Kane et al. 1992).
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Coronal acceleration above active regions is inferred from noise
storm observations outside flares (e.g. Raulin & Klein 1994;
Crosby et al. 1996). The most frequent interplanetary electron
events, beams up to 15 keV (“impulsive electron events”), must
be accelerated at heights above 0.5 R� because otherwise their
spectrum would have a low-energy cutoff at several keV which
is not observed (Potter et al. 1980; Lin 1985, 1993).

The paper presents observational constraints on coronal sites
of electron acceleration, using spectrographic and imaging ob-
servations of fast-drift bursts. Bursts of type III, drifting in the
frequency-time plane from high to low frequencies, and those
with reversed sense of drift (III-RS or RS - reverse slope) are
due to electron beams. The sense of the drift indicates whether
the beams travel towards lower densities (type III) or towards
higher densities (RS). Reviews on fast-drift bursts were given
by Goldman & Smith (1985), Suzuki & Dulk (1985) and Pick
& van den Oord (1990).

The outline of the paper is as follows: The instrumentation
is briefly described in Sect. 2. Spectral and imaging observa-
tions of groups of fast-drift bursts are given in Sect. 3.1. The
observed sites of emission are compared with features seen in
visible light in Sect. 3.2. Section 3.3 shows that the radio bursts
are associated with soft X-ray brightenings. The bulk of obser-
vations is suggestive of co-ordinated energy release at different
sites within a coronal streamer which evolves under the influ-
ence of magnetic flux emergence underneath its span (Sect. 3.4).
The results are discussed in Sect. 4.

A preliminary analysis was given by Klein & Aurass (1993).

2. Instruments

The observations were carried out at radio wavelengths with
the spectrograph of the Tremsdorf Solar Radio Observatory
(OSRA) and the Nançay Radioheliograph (NRH), and in the
Hα line with the 3-λ Heliograph in Meudon. The OSRA instru-
ment consists of swept-frequency spectrographs in the ranges
40–90, 100–170, 200–400 and 400–800 MHz, with a sweep rate
of 10 s−1, and of a grid of single frequency receivers in the same
spectral range (Mann et al. 1992). At the time of the observations



K.-L. Klein et al.: Electron acceleration sites in a large-scale coronal structure 613

Fig. 1. Spectrographic and heliographic data during a group of fast-drift
bursts. Top: Dynamic spectrum. Middle: One-dimensional brightness
distribution (integrated in the direction perpendicular to the array).
Vertical axis: position projected onto the terrestrial east-west direction,
from the eastern (channel -32) to the western border (channel 31) of
the field of view, centre of the photospheric disk in channel 0. Linear
contours from 4.3% to 100% of maximum brightness in the plotted
field (steps of 8.7%). Bottom: Location and half-power diameter of the
two reverse-drift bursts (164 MHz) at 8:36:05-8:36:07 (dashed) and
8:36:12-8:36:13 UT (solid). North is on top, east to the left.

used here, the dynamic spectrograms were recorded on film.
The NRH provides one-dimensional scans of the corona at five
frequencies, with both its east-west and north-south branches
(The Radioheliograph Group 1993). The instrument was used
in a preliminary version, with 16 interferometers in the east-
west direction, spanning baselines from 100 to 1600 m, and the
complete 23 element array in the north-south direction. The in-
tegration time was 1 s. The NRH observed at 164, 236.6, 327,
408 and 435 MHz. The 3-λ Heliograph takes one image of the
Sun per minute in the centre and both wings (±0.5 Å) of the
Hα line.

3. The observations

3.1. Groups of fast-drift radio bursts on 7 September 1991

Several fast-drift bursts were observed by the Tremsdorf spec-
trograph and the Nançay Radioheliograph between 8 and 12 UT.
Figs. 1 and 2 display observations of the two most prominent
groups in the range 100–170 MHz, comprising bursts with or-
dinary drift (from high to low frequencies; type III) and re-
verse drift (RS). These groups precede a filament eruption that
starts at 11:40 UT. The bursts are in general not continuous
across the observed spectral band: Most of the clearly identi-
fied type III bursts start near or above 300 MHz and end some-
where in the unobserved range between 170 and 200 MHz. The
RS bursts have their high-frequency cutoff in this range. They
can be followed down to 110–130 MHz. RS bursts in the range
170–130 MHz occur together with type III bursts in the band
200–400 MHz.

During the first group (Fig. 1) the most prominent feature
in the dynamic spectrum is a pair of bursts with reversed drift
above 130 MHz. It is preceded by a type J burst starting near
150 MHz with low-frequency turnover at 75 MHz (i.e. below
the lowest frequency shown in the spectrum). Below 130 MHz
the RS bursts merge into a single structure that drifts towards
lower frequencies and is sharply cut off near 108 MHz. Broad-
band emission follows, predominantly below 150 MHz.

The temporal evolution of radio sources at 164 MHz as seen
by the NRH is displayed in the middle line of Fig. 1 as a contour
and gray-scale plot of equal brightness in a space-time plane.
The vertical axis gives the position projected on the terrestrial
east-west direction. The pair of RS bursts is clearly identified:
the first one between 8:36:05 and 8:36:08 UT, the second start-
ing 8:36:10 UT. The remarkable feature here is that during both
bursts two sources brighten nearly simultaneously at different
places. Their heliographic positions and sizes are plotted as
crosses in Fig. 1 (bottom). The sources of the first RS burst
are given by dashed crosses (distance between the two sources:
0.7 R�). During the second RS burst the sources (solid crosses)
have larger distance (0.9 R�) and lower projected height. At
164 MHz weak emission continues from the north-eastern site
until about 8:38:15 UT. Due to its weakness its spectral identi-
fication is uncertain.

The second strong burst group (Fig. 2) consists of type III
bursts before 10:46:40 UT, and of weak type III bursts and three
prominent bursts with reversed slope afterwards. Like in the
preceding group, the reverse drift bursts are connected at fre-
quencies below 130 MHz by a negatively drifting emission with
well-defined low-frequency cutoff.

Different source configurations are observed before and
after 10:46:40 UT. The initial type III bursts come from two
neighbouring sites above the eastern limb (dashed crosses in the
bottom panel of Fig. 2). The easternmost (i.e. higher) source
is the brighter one. The type III bursts seen above 200 MHz
are also emitted above the eastern limb. During the subsequent
RS bursts the source geometry is more complex. The former
type III sources brighten again. Like in the 8:36 UT group, two
nearly simultaneous sources with comparable brightness are ob-
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Fig. 2. Similar to Fig. 1, for the second group of fast-drift bursts
on 7 Sep 1991. The dashed crosses in the bottom panel refer to the
sources of type III bursts, solid crosses to the north-eastern branch of
the RS-burst at 10:46:53 UT and the two south-western RS sources at
10:46:52 and 10:46:56 UT.

served during the RS-burst emission (solid crosses). Two suc-
cessive bursts occur in the south-western source. The second
burst is slightly west of the first one. Subsequently both the
north-eastern and the south-western source brighten again, but
are too weak for spectral identification. Emission at 164 (and
236 MHz) ceases near 10:47:45 UT.

The third prominent group of type III bursts occurs at
10:58 UT (10:58:20 – 10:59 at 164 MHz). It displays the same
two-component source configuration as the type III bursts at
10:46 UT. No reverse-drift bursts are identified in the spectrum,
and the south-western source complex observed at 8:36 and
10:46:40 UT does not appear during this group.

In summary, the type III bursts are located above the east-
ern limb. Like in many other cases their emission involves
more than one simple source (Raoult & Pick 1980; Pick & Ji
1987). Reverse-slope bursts come from two quasi-simultaneous
sources which are farther apart from each other than individual

type III sources: one component is close to the type III bursts,
while the second one is at a distance up to nearly 1 R� above
the south-eastern limb.

The reverse-slope bursts are not the descending branches
of type U bursts: the only drift visible above 130 MHz dur-
ing the strong bursts in the periods 8:36:04 - 8:36:15 UT and
10:46:40 – 10:47:00 UT is towards higher frequencies. In the
8:36 UT group these bursts are clearly separated in the spec-
trum from the preceding type J burst which extends to lower
frequencies.

In both groups there is a smooth transition between reverse
drift above 130 MHz and ordinary drift below. This indicates
that acceleration occurs around a region where the electron den-
sity is 2 · 108 cm−3 or 5 · 107 cm−3, depending on whether the
emission is fundamental or harmonic.

3.2. Radio source positions and visible light features

In Fig. 3 the positions and sizes of all 164 MHz sources dur-
ing the three burst groups are plotted upon the daily image of
the Mark 3 Mauna Loa coronameter taken on 6 Sep 1991 at
18:03 UT, i.e. 14 to 17 hours before the radio events. The daily
Meudon Hα spectroheliogram (7 Sep 1991) is inserted. The lo-
cations and NOAA numbers of relevant active regions are given
in the schematic drawing on the right, together with the contours
of a coronal hole observed in the He I 10830 Å line (Kitt Peak).

The southern complex of radio sources is located above an
old active region (NOAA 6817) with a single spot surrounded
by a filament. The northern source complex lies above an active
region at the limb (NOAA 6822). South of it, AR 6824 crosses
the limb on 8 Sep. Two active regions are emerging north-west
and north-east of AR 6817. This complex is bordered on its
western side by a coronal hole which extends from the south
pole to the northern hemisphere.

The two simultaneously observed sources during the
reverse-slope bursts (solid crosses) project in general onto oppo-
site sides of a bright white-light feature. By its altitude (emission
seen up to 1.3 R� above the limb) this feature is to be regarded as
a streamer, although the typical cusp shape known from eclipse
photographs is not seen in the coronographic image (Sime &
McCabe 1990). In one case (8:36:04 UT) one of the two radio
sources projects close to the top of the mound-shaped bright in-
ner region of the streamer. The type III sources (dashed crosses)
project onto the gap between this streamer and the neighbouring
feature to the north.

The association of radio sources with the white-light
streamer does not critically depend on the day of the corono-
graphic observations. The same result as in Fig. 3 is obtained
with the following available Mauna Loa daily image on 8 Sep
1991. The same basic configuration is seen above the eastern
and south-eastern limb, with the only difference that the gap
between the two white-light structures is partly filled in. We
therefore consider that the radio sources are located in a three-
dimensional streamer configuration extending from east of the
coronal hole to behind the eastern limb.
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Fig. 3. Image of the white-light corona taken with the Mauna Loa
K-coronameter on 6 Sep 1991 (Courtesy High Altitude Observatory,
National Center for Atmospheric Research (NCAR), Boulder, Col-
orado, USA) together with the positions and sizes of 164 MHz sources
of the fast-drift bursts occurring in three groups during the morning
of 7 Sep. Dashed crosses: type III bursts, solid crosses: reverse-slope
bursts. The white-light image is a weighted average of 36 data sets.
The Meudon Hα spectroheliogram (7 Sep, 6:22 UT) is inserted. The
schematic drawing on the top right gives the locations (squares) and
NOAA numbers of relevant active regions and the outline (shaded re-
gion) of a coronal hole seen in the Kitt Peak He I 10830 Å observations
(adapted from NOAA-SESC 1991).

The RS bursts from the south-western border of the streamer
are not all emitted at the same site. Figs. 1 (e.g. 8:36:10–
8:36:20 UT) and 2 show that in both groups the later RS
emission comes from a source displaced westward from the
first RS burst, yielding an apparent westward movement of the
brightest feature during a few seconds. The white light picture
shows that this apparent movement is directed towards outer
and lower layers of the streamer. It is plausible that if electron
beams are injected over a prolonged duration (several seconds)
onto different field lines in the high corona, the later 164 MHz
emission will come from regions of the streamer farther away
from its centre, where the appropriate plasma level is at lower
altitude.

3.3. Soft X-ray emission and search for Hα features

Fig. 4 (left column) compares the radio emission at 164 MHz
on 7 Sep 1991 with the X-ray fluxes detected by the GOES full
Sun monitors (courtesy Solar Data Analysis Center at GSFC).
The time intervals of Hα flares reported in Solar Geophysical
Data (henceforth SGD) 571-II are given by horizontal bars,
together with the location on the Sun. The three strongest groups

of fast-drift bursts are seen as short brightness enhancements
at 8:36, 10:46 and 10:58 UT. After 12 UT a moving type IV
burst is observed which has been briefly analysed elsewhere
(The Radioheliograph Group 1993, Fig. 3). It occurs together
with the eruption of the filament around AR 6817 (cf. Fig. 3).
Although this eruption is not the main topic of the present study,
we shall come back to it in Sect. 4.3.

The brightest X-ray events before 12 UT are associated with
Hα flares in the western hemisphere (including the fading emis-
sion at the beginning of the time interval plotted in Fig. 4).
They have no metric radio counterpart. On the other hand, at
the times of the three groups of fast drift bursts, impulsive soft
X-ray brightenings occur superposed upon the declining emis-
sion from the well-identified flares. The time histories of the
X-ray fluxes during the individual events are plotted together
with their derivatives (dashed line) in the right column of Fig. 4.
The duration of the fast-drift bursts at 164 MHz is indicated by
a horizontal bar at the bottom of each plot. During the first two
burst groups the radio emission persists as long as the deriva-
tive of the soft X-ray flux is positive, i.e. as long as the X-ray
source is heated. This suggests a physical link between energy
release to the soft X-ray plasma and electron beam production
(cf. Sect. 4), similar to the well-known relationship between im-
pulsive microwave or hard X-ray bursts with soft X-ray events
(Neupert 1968; Dennis & Zarro 1993). During the third burst
group the metric emission occurs only at the onset of the heat
input into the X-ray plasma.

The peak fluxes of these X-ray brightenings, after sub-
traction of the pre-event emission, range from 5·10−7 to
10·10−7 Wm−2 in the 1-8 Å channel. Given a background level
of about 5·10−7 Wm−2during quiescent periods in September
1991 (cf. SGD 571-II), the events are of class C1 in the GOES
classification. A rough estimation using the method of Thomas
et al. (1985) and the GOES detector efficiencies given by Syl-
wester et al. (1995) yields isothermal temperatures slightly
above 107 K in the soft X-ray emitting plasma.

Where do the X-ray bursts occur ? Since no flares were re-
ported at those times, weak Hα signatures have been searched
for in the observations of the Meudon 3−λ Heliograph. While
there is continuing activity in filaments and prominences, no
specific feature coincides in time with the fast-drift bursts (con-
trary to LaBonte (1976) and Tang & Moore (1982)). We there-
fore suppose that the emission is occulted and that the X-ray
brightenings occur on or behind the limb, probably in AR 6822
which is at the right latitude to account for the type III bursts
(cf. Fig. 3).

3.4. Gradual evolution of the large-scale coronal structure

The coronal structure inferred from the radio and white light
observations overlies several active regions (Fig. 3). Their evo-
lution before and after 7 Sep is displayed in the series of daily
Meudon spectroheliograms (Fig. 5), and analyzed with more
detail in the Debrecen white-light observations. AR 6817 does
not show any sign of evolution, and no rotational motion of the
spot is observed. However, AR 6820 and 6823 are emerging
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Fig. 4. Left column: Comparison of
164 MHz emission with whole-Sun soft
X-ray fluxes in the ranges 1-8 Å (top) and
0.5-4 Å (bottom). The 164 MHz brightness
distribution seen by the east-west branch of
the NRH is given in gray levels from 4.3%
to 100% of maximum brightness in the field.
The centre of the photospheric disk is at
channel 0, the width of the field varies from
1.4◦ at 8:30 UT to 1◦ at noon (11:49 UT).
Apparently enhanced emission in the lower
half of the plot is due to sidelobes and base-
line distortions. Right column: Time history
of the soft X-ray flux (0.5-4 Å; solid line)
and its derivative (dashed line) during three
events occurring together with the metric
fast-drift bursts. Only positive values of the
derivative are plotted to trace the energy sup-
ply to the X-ray source, while negative and
zero values are confined to the constant base-
line. The units on the vertical axis refer to the
flux. The derivative has been scaled so as to
fit into the same plot. The duration of the 164
MHz burst groups is indicated by horizontal
bars underneath the soft X-ray curves.

and forming pores, then spots, between 6 Sep and 10 Sep. The
evolution is quick in the following part of AR 6820, where spots
develop earlier than in the leading part. This leads to the gradual
re-configuration of the large-scale coronal magnetic field wit-
nessed by the progressive separation of the coronal hole at the
place where AR 6820 emerges (NOAA-SESC 1991; cf. Fig. 3).
Hα flare activity started not earlier than 23:20 UT on 7 Sep in
these evolving regions, and was restricted to a few subflares.
The episodes of energy release discussed here are probably part
of the process by which the coronal structure adjusts itself to the
changing boundary conditions in the lower atmosphere, up to
the time when a more abrupt re-arrangement leads to the erup-
tion of the filament in AR 6817 (starting 7 Sep 1991, 11:40 UT)
and to the moving type IV burst.

4. Discussion

During several episodes on 7 Sep 1991 electron beams have
been observed to come from different acceleration sites: upward
travelling beams producing metric type III bursts from an active
region, and downward travelling beams that emit III-RS bursts
from a region about 1 R� above the photosphere. The pairwise
brightening of the radio sources during the RS bursts suggests
one of the following scenarios for acceleration at 1 R� above
the photosphere:

1. beam injection into opposite directions along closed field
lines which connect widely separated regions in the under-
lying atmosphere,

2. downward injection onto field lines which are close to each
other near the acceleration site, but separate in the underly-
ing atmosphere.

It is generally believed that the large-scale structure of coronal
streamers contains closed magnetic flux surrounded by field
lines opened towards interplanetary space by the solar wind,
and that current sheets separate open and closed magnetic fluxes
in the low corona and oppositely directed open field lines in
the high corona (e.g. Pneuman & Orrall 1986; Koutchmy &
Livshits 1992). Current sheets play a prominent role in models
of coronal energy release (cf. reviews by van den Oord 1993,
Kliem 1995). They are possible sites for electron acceleration in
both configurations cited above, either at the interface between
open and closed magnetic flux in the lower part of the streamer
(1) or those which separate oppositely directed field lines in
the “stalk” (2). This scenario is corroborated by the projected
location of the radio sources on opposite sides of a white-light
feature observed with the HAO Mk3 K-coronameter.

Jet-like structures in coronographic images have been shown
earlier to guide electron beams to the high corona (Trottet et al.
1982), and decametric type III bursts were observed in the stalk
of coronal streamers (Kundu et al. 1983). The present obser-
vations complete these findings, and give more direct evidence
on the sites of beam production. Current sheets within helmet
streamers have been considered as the accelerators of electrons
emitting metric noise storms and escaping towards interplane-
tary space (Gubchenko & Zaitsev 1983). Cliver & Kahler (1991)
used such a scenario to discuss the origin of interplanetary elec-
tron beams observed without chromospheric signatures. The
same global configuration, although on smaller spatial scale,
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Fig. 5. Day-to-day evolution of the active regions in the south-eastern solar quadrant, observed from 5 to 9 Sep 1991 in Ca II K 1v (upper row)
and in Hα (lower row; Meudon spectroheliograph). The NOAA numbers of the active regions are given at the appropriate latitude in the left
margin.

has recently been used to explain the topology of coronal hard
X-ray sources (Masuda et al. 1995).

4.1. Relationship between electron beams and soft X-ray bright-
enings

The high coronal acceleration is not an isolated phenomenon
within the large-scale structure. Type III bursts due to electron
beams produced at lower altitudes are observed within the same
groups. The observed one-to-one correspondence between X-
ray brightenings and groups of fast drift bursts, in particular the
similar duration of beam production and heating, show a phys-
ical relationship between both processes. The joint production
of X-ray brightenings and type III emitting electron beams is
a frequent simultaneous manifestation of energy release in an
active region (e.g. Aurass et al. 1994; Raulin et al. 1996). Raulin
et al. (their Fig. 1) show a group of type III bursts during the
rising phase of soft X-ray emission from a jet, with the same
relative timing of the soft X-ray flux and the radio emission
as in Fig. 4. The relationship of X-ray brightenings and type III
bursts with electron acceleration at 1 R� above the photosphere
is less obvious. The beams emitting the RS bursts do not pene-
trate to below the level of 200 MHz, i.e. to plasma layers denser
than∼ 108 cm−3, presumably because they are deflected by the
convergence of the magnetic field and by Coulomb collisions
(e.g. Krucker et al. 1995, Fig. 8). Furthermore, energy input into
the X-ray plasma is in all three events accompanied by type III
bursts, but not always by RS bursts (e.g., during the 10:46 and
10:58 UT groups). The observations therefore suggest that co-
ordinated episodes of energy release are triggered at different
sites within the large-scale coronal structure. Given the joint
occurrence of RS bursts and type III bursts within about 10 s,

the trigger of the electron acceleration at 1 R� must propagate
at a typical particle velocity (of the order of 0.1R� s−1), rather
than at an MHD velocity.

4.2. Coronal acceleration of electron beams observed at 1 AU

The scenario of co-ordinated episodes of energy release at
widely separated altitudes allows also for the simultaneous
production of electrons escaping towards interplanetary space
(Cliver & Kahler 1991). The density of the high acceleration re-
gion was inferred above to be 5 · 107 cm−3 or 2 · 108 cm−3,
depending on the mode of radio emission. The lower value
is about twice the electron density derived from white-light
observations of streamers at 1 R� above the photosphere (cf.
Koutchmy & Livshits 1992, Fig. 6), and 3 times higher than
the density extrapolated from the interplanetary density distri-
bution derived by Fainberg & Stone (1974) and used by Lin
(1985) in his model calculations of electron spectra. We re-
call that the radio diagnostics provide a direct measurement of
the local electron density, whilst the white-light data give the
average density along the line of sight. If the electron density
inferred from our radio measurements is relevant to the accel-
eration site, Coulomb losses are more efficient than supposed
in Lin’s computations, and the acceleration will occur above
1 R�. But the present observations confirm the streamer sce-
narios of high coronal acceleration and provide evidence that
this is part of the gradual evolution of streamers which may ul-
timately lead to major events of magnetic field reconfiguration.
Given the co-operative energy release at different altitudes evi-
denced by the present observations, there is no reason to believe
that acceleration sites do not exist at still greater altitudes, since
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a highly filamentary structure of streamers is observed far into
the interplanetary space (Woo et al. 1995).

4.3. Destabilisation of large-scale coronal structures

The passive role of large-scale coronal structures in channelling
particles over large distances has been demonstrated earlier (e.g.
Kai 1969; Simnett 1982; Nakajima et al. 1985; cf. review by
Simnett 1993; Willson et al. 1993; Aurass & Klein 1996). In
addition to electron acceleration the present observations trace
the evolution of a large-scale coronal structure towards a major
reconfiguration. The radio, X-ray and visible light observations
illustrate the evolution which Bruzek (1952) and Feynman and
Martin (1995) argued to be typical for the destabilisation of
filaments in the course of magnetic flux emergence under their
span or in their vicinity, as well as the streamer - interconnection
of active regions of different age at different latitudes eventually
leading to a coronal mass ejection (Kahler 1991). The widely
separated coronal activities on 7 Sep 1991 witness instabilities
in the large-scale structure during a few hours before it erupts.
They outline the relation of gradual evolution towards eruption
and increased production of electron beams found by Jackson
& Sheridan (1979). Wild (1968) showed imaging observations
of another event which can only be explained by energy release
at great height in the corona. The combination of spectral and
imaging observations of the 7 Sep 1991 burst groups provides
new evidence for this. A systematic search for the origin of
metric reverse-slope bursts as tracers of coronal instabilities is
necessary.

5. Conclusions

The key results of the present analysis are summarized as fol-
lows:

1. Electron beams are produced near one footpoint and at 1 R�
above the photosphere in a large-scale coronal structure
which appears as a streamer in coronographic observations.
Beam production and plasma heating occur simultaneously
and repeatedly during several hours.

2. The radio source configuration is consistent with beam pro-
duction in the current sheets separating regions of open and
closed magnetic flux near the base of the streamer and op-
positely directed field lines above its cusp. This is the direct
confirmation of scenarios devised earlier for the acceleration
of low-energy electron events observed at 1 AU.

3. Since beam production at the two widely separated sites oc-
curs within the same burst groups with about 1 min duration
each, the trigger must propagate at a typical particle speed,
rather than the Alfvén speed.

4. The large-scale structure overlies several active regions cov-
ering a whole quadrant in the photosphere. Magnetic flux
emergence observed in two of them is the likely energy
source. It ultimately drives the coronal structure towards
eruption, as suggested by previous statistical studies.
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