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ABSTRACT

In this contribution, we present spatially resolved ob-
servations of the 1992 October 28 solar flare which
were obtained in a wide range of wavelengths from
soft and hard X-rays to millimeter and decimeter-
meter radio wavelengths. This unique combination
of data allows to investigate the magnetic structures
at different spatial scales involved in the flare devel-
opment, the localization of particle acceleration and
the evolution with time of the number of accelerated
electrons.
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1. INTRODUCTION

The 1992 October 28 Ha 1F flare occurred in NOAA
region 7321 (S34W38) and was associated with a
GOES C2.6 flare starting at 10:05:30 UT. The im-
pulsive flare lasted until 10:12 UT and was observed
from the HXR domain (up to 200 keV) to the deka-
metric radio domain. The present study does not
deal with the post-impulsive radio emission (type II
and moving type IV bursts) not associated with radio
millimetric and HXR emissions. A more complete
analysis of the event can be found in Raulin et al.

(1999).

2. INSTRUMENTATION

The imaging HXR and SXR observations are ob-
tained by the Hard X-ray Telescope (HXT) and the
Soft X-ray Telescope (SNT) aboard YOHKOH. Im-
ages were obtained in quiet or flare mode with differ-
ent field of views and pixel resolution varying between
2.46” and 9.81”. SXT observed ART321 in the quiet
mode until 10:07:35 UT and in the flare mode after

10:09:07 UT. HXT has a total FOV of 35" x 35" and”

can detect HXR emission from the whole disk. Im-
ages can be produced in the 14-93 keV energy range

in four energy bands with a spatial resolution of 5”
over a FOV of 2.1’ x 2.1’ (Kosugi et al. 1991).

HXR spectral data are taken from the Hard X-ray
Spectrometer (HXS) aboard YOHKOH. It provides
32 channel spectra in the 24-830 keV range with a
time resolution of 1s (Yoshimori et al. 1991). The
values of the photon spectra deduced from HXS are
checked to be consistent with HXT observations.

The millimeter observations are obtained at 48 GHz
by the 13.7 meter dish of the Itapetinga observatory
with a time resolution of 1ms and a sensitivity of
0.04 sfu. The multiple receiver focal array produces
five beams of half power widths of 2’ which partially
overlap (Georges et al. 1989). The observations of
three of these beams are available here. This allows
to localize the centroid positions of the emission at
48 GHz for some time interval during the flare (see
Giménez de Castro et al 1999). Total flux measure-
ments at 3.1 and 5.2 GHz from Bern are used to
complement the observations.

The decimetric-metric radio irnaging observations are
obtained from the Nangay Radioheliograph (NRH)
(The Nancay Radioheliograph Group 1993). In 1992,
the data consisted of EW and NS 1D images of the
solar brightness at 5 frequencies (164, 236.6, 327, 408
and 435 MHz). The time resolution is ls and the
spatial resolution for that event is at 164 MHz 1.4’
in the EW direction and 4.4’ in the NS direction.
The spatial resolution is inversely proportional to the
observing frequency. Radio dynamic spectra from
Potsdam are used for spectral identification (Aurass.
private communication).

3. OBSERVATIONS

3.1. Temporal Evolution of the Flare

The event has been divided into three time intervals
(P1, P2.P3) on the basis of the time profile of the
HXR flux above 100 keV (Figure 1) :

P1:10:07-10:0845 UT
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Figure 1. Temporal evolution of the 1992 October 28 flare
observed at different wavelengths. From top to bottomn:
radio flur density observed at 164 and 435 MHz by the
NRH, at 5.2 GHz by the Bern polarimeters and at 48 GHz
by the Itapetinga telescope; X-ray count rates measured in
the low energy channel of Yohkoh/HXT and in two enerqgy
bands of Yohkoh/WBS. The vertical dashed lines show the
starting time of P1, P2 and P3.

It is characterized by a slow rise of the 14-23 keV X-
ray emission, of the metric and the 5.2 GHz radio
emissions. There 1s a low frequency cut-off of the
metric/decimetric continuum and bursts around 150
MHz. No significant 48 GHz and HXR emission >
25 keV are detected.

2 :10:08:45-10:10 UT

There is a sudden increase of HXR emission up to
170 keV and of the 3.1-5.2 GHz flux. A faint 48
GHz emission is detected from 10:09:12 UT and there
is a shift of the low frequency cut-off of the metric-
decimetric emission below 100 MHz.

3:10:10-10:11:40 UT

The HXR emission is multiplied by a factor around 2
at all energies and the 48 GHz emission is multiplied
by 10.

Figure 1 shows that energetic electrons are produced
and interact in the upper and lower corona during the
whole event. Electrons have access to lower density
magnetic structures during P2 and P3 than during
P1 (shift of the low frequency cut-off).

P2 P3
~ above 20 keV 3.0 10°° 2 10°°
~ above 60 keV 1.2 10 %4 0 10

o oolo a2

T

2.
ine~ > 20 keV (ergs) 141077 3.610°
ine” > 60 keV (ergs) 1.4 10 27 3

Table 1. Number of electrons above 20 keV (60 keV)
and corresponding energies. derived from the spectral
analysis of HXS data.

10:07:35 UF: -
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Figure 2. SXT (Al1 filter) images of AR 7321. The
arrows show the region LS1 and indicate the extension of
the region LS52.

P1,P2 and P3 correspond to 3 successive episodes
of acceleration with increasing efficiency for the pro-
duction of non thermal electrons (see the X-ray time
profiles in Fig. 1 and Table 1).

During P2 and P3, the HXR photon spectrum is well
represented by a double power law with E, ~ 60 keV.

1~ 2.9+ 0. 3 for E< E, for the whole event and ~»
(aboxe E,) about 5.0 + 0.5 (during P2) and 4.1 £
0.2 (during P3).

3.2. SXR imaging observations

SXR emission (Figure 2) comes from a bright region
at the centre of the images as well as from LS1 and
LS2:

* the bright SXT emission at the centre overlies the
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Figure 3. From top to bottom: temporal evolution of the
SXR intensity (Al.1 filter), of the emission measure (EM)
and of the temperature (T) for LS1 region.

main magnetic inversion line. SXR emission in this
region varies smoothly during the flare and increases
from 10:07 UT until 10:14:20 UT. While the temper-
ature T remains constant at ~ 8 MK, the emission
measure EM rises from 4.5 104" cm =3 to 6 10*" cm~3

* LSI is over a short magnetic inversion line at the
border of ART321. It appears as a compact (20”)
system of loops which starts to brighten at the onset
of P1 (Figure 3). During Pl and P2, T increases

" from 5.5 MK to 7.5 MK and EM increases from 2.5

10* ecm™3 to 5 10% em~3. During P3, T ~ 7.5 MK
and EM reaches 1.8 10*" cm™3. The thermal energy
contained in LS1 at 10:10:40 UT is W, ~ 2.5 10°%

ergs.

* LS2 has a loop-like shape elongated in the SE-NW

direction (100”). The NW part of LS2 brightens at -

the onset of P2. The brightening expands towards
SE and reaches the SE extremity at the beginning of
P3. (EM and T cannot be analysed for LS2 since it
1s outside of the smallest field of view of SXT).
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Figure 4. Contours of equal intensity of the HXR emus-
ston observed during T1-T4, in the 53-93 keV (left col-
umn) and 33-53 keV (right column) channels. Contour
levels are 0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and
0.99 of the mazimum emission detected during time pe-
riods T1 to T4. The grey filled contours show the HXR
emission observed during the phase P2 (T0). The crosses
A-G show the position of the 48 GHz radio pulses ob-
served during T2, T3 and T4. The small (big) cross sizes
represent the accuracy of the relative (absolute) position
of the radio pulses A-G.

3.3. HXR imaging and 48 GHz observations

HXR images can be performed during P2 and P3
in the 53- 93 keV and 33-53 keV ranges (Figure 4).
The brightest HXR emission comes from a compact
(10”) not resolved loop system spatially associated
with LS1. At the beginning of P3 a faint HXR source
appears at the NW extremity of LS2.

The centroid positions of the bursts at 48 GHz (com-
puted on 100 ms) are shown with cross symbols (rela-
tive accuracy 1.5”, absolute position 15”). Asshown
on Figure 4, the emission at 48 GHz and in the HXR
range arises from the same loop system (LS1). How-
ever, no 48 GHz emission is seen at the NW part of
LS2 (this is probably due to a weaker magnetic field
at this extremity). Figures 4 and 5 also show that the
different bursts at 48 (GHz are observed at different
positions during T2, T3 and T4.
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Figure 5. Ezpanded view of the temporal evolution of the
HXR emission count rate (14-23 keV and 53-93 ke V) and
of the radio flux density at 48 GHz. Thick horizontal bars
show time intervals (T0-T4) during which HXR contour
maps have been computed. The letters A-G in the 48 GHz
time profile note different temporal fast structures.

3.4. Spatially Resolved Metric/Decimetric
Observations

In contrast to the HXR emission which shows a sin-
gle compact source, the decimetric/metric emission
comes from many sources (labelled A1-A8; B1-BT7;
C1-C10; D1-D7) (Figure 6). New emitting sources
switch on during P1, P2 and P3 but no clear corre-
spondence is observed between the time of appear-
ance and duration of these sources and the transition
between P1 to P2 and P2 to P3. The most striking
feature is the organisation of the general spatial pat-
tern of the radio emission (Figure 7) from 450 MHz
to 164 MHz. It has a similar orientation as the one of
the complex SXR emission connecting the flaring site
in AR 7321 to a remote active region (AR 7316). The
radio emission is probably generated in a large scale
system of loops interconnecting both regions. The
complex spatial distribution and the variations with
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Figure 6. Twme of appearance and duration of decimeter-
meter radio sources observed at different locations at each
NRH observing frequency (thick horizontal lines), super-
mmposed on the flur density time profile

time indicate that the loop system is highly inhomo-
geneous and that electron trajectories change from
one burst to the other in this complex of magnetic
structures.

4. DISCUSSION

The three successive episodes of electron acceleration
(P1,P2.P3) which correspond to stepwise increases
of the electron non-thermal energy content switch on
together with sudden changes of the X-ray brightness
of flaring structures :

* The initial energy release occurs in LSI.

* The second episode of energy release starts with the
brightening of the NW extremity of LS2 and with the
increase of temperature as well as production of HXR
in LS1. This may indicate some interaction between
LS1 and LS2 loop systems. The brightening of the
NW extremity of LS2 moves afterwards from the NW
to the SE part of LS2 at a speed close to 500 kms™!
(close to a heat conduction front speed).

* The last episode of energy release coincides with
the arrival at LS1 of the perturbation initiated at the
NW extremity of LS2 at the onset of P2. The intense
brightening of LS1 during P3 is the response of the
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Figure 7. Decimeter-meter burst positions during P1, P2
and P3. superimposed on a S\R image taken at 10:07:25
UT. The crosses show the EW and NS extensions of the
region covered by the ensemble of emitting sources ob-
served at each NRH frequency. Dotted bozes show, from
bottom to top, the position of optical active regions, AR
7321 and AR 7316. The small cross shows the location
of the LS1 loop system.

loop system to a new energy input which can produce
e.g. an increase of the electron density in LS1 due
to chromospheric evaporation. Such an hypothesis is
supported by the observation that the thermal energy
contained in LS1 at 10:10:40 UT is comparable to the
energy deposited by the accelerated electrons at the
same time.

The spatial resolution of the X-ray imagers is not
sufficient to resolve the small scales where magnetic
reconnection and energy conversion takes place. The
analysis of the spatial and temporal evolution of radio
emissions provide additional tools to investigate these
small scale processes :

* The very close similarity of the HXR and millimeter
wave time profiles indicates a common origin of emit-
ting electrons. Although positions of the sources at
48 GHz vary from one elementary burst to the other,
the HXR emission remains almost spatially constant.
This suggests that the loop system LS1 is inhomo-
geneous and that electron propagation paths within
LS1 rapidly change from one burst to the other. This
probably reflects changes (on time scales less than a
second) of the location of the acceleration site within
the energy release volume.

* Electrons radiating decimetric/metric emissions
probably originate from the same accelerator as HXR

and mm-wave emitting electrons (similarity of the -

global HXR and radio time profiles). The large num-
ber of radio emitting sources and their spread in po-
sitions show that many high coronal structures are
involved in the propagation at large scales of the en-
ergetic electrons produced close to LS1. Electrons are

685

injected successively along different large scale loops
within the large complex of magnetic structures con-
necting the flaring site to a remote active region.

In summary. the spatially resolved radio observations
support the idea that electron acceleration occurs at
discrete sites, the locations of which vary on time
scales of the order of a second in the primary energy
release volume.

5. CONCLUSION

The 1992 October 238 flare 1s a relatively moderate
one in terms of the amount of energy contained in
both the thermal plasma (C2.6 GOES event) and
the non-thermal electrons (a few 10°% ergs). Still,
the magnetic structures involved in the flare devel-
opment are complex at all spatial scales. Stepwise
temporal evolutions of the amount of energy release
and of the efficiency of non-thermal electron produc-
tion are related to similar stepwise variations of the
magnetic structures at different scales illuminated by
hot plasma or by non-thermal electrons. The follow-
ing conclusions were drawn in Raulin et al (1999):

On the scale of the global loop structures revealed by
soft X- ray emission, the present observations support
flare scenarios based on loop-loop interactions (see
also Hanaoka 1997 and references therein).

At the smaller scales where magnetic reconnection,
energy dissipation and particle acceleration take
place, radio observations provide indirect support to
the idea that these processes are highly fragmented
in space and time.

In conclusion, this analysis provides some pieces of
information to study how the small scale processes
leading to particle acceleration are incorporated in
the large scale coronal structures associated with the
flaring region. This is one of the critical issues for un-
derstanding particle acceleration and building a real-
istic acceleration model.
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