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ABSTRACT

The GOES M8.2 flare on 10 April 2002 at [0 1230UT was observed at X-ray wavelengths by RHESS and at
metric/decimetric waveengths by the Nancay Radiohdiograph (NRH). We discussthe temporal evolution d X-ray
sources together with the esolution d the radio emisson sites observed at different coronal heights by the NRH.
While the first strong HXR peak at energies above 50 keV arises from energy release in compact magnetic
structures (with spatial scales of a few 10* km) and is nat associated with strong radio emisson, the second ore
leads to energy release in magnetic structures with scales larger than 10° km and is associated with intense
decimetric/metric and dekametric emissons. We discuss these observations in the context of the accderation sites
of energetic dectrons interacting at the Sun and d escaping ores.

INTRODUCTION

Complementary observations of solar flare hard X-ray (HXR) emitting dectrons are provided by the radio
emisson d nonthermal dectrons produced in a wide range of coronal heights and in a wide frequency range from
a few tens of GHz to a few MHz (see eg. Bastian et al., 1998 Vilmer and MacKinnon 2003 Trottet, this volume
for reviews). While HXR and centimetre/milli metre wave emissons are the most direct diagnastics of the energetic
eectrons in the chromosphere and low corona, the coherent plasma radiations such as the ones emitted at greater
coronal heights (10°- 10° km) in the metric/decimetric domain are a sensitive diagnastic of dectrons of a few tens
of keV injected in the corona from the flare site These radio doservations combined with X-ray/EUV
measurements contain unique information on the various circumstances of dectron accderation in the solar
atmosphere and onthe coronal sites of dectron accderation (see eg. Klein et al., 2001).

INSTRUMENTATION

The HXR and metric/decimetric imaging dservations of the 10 April 2002 solar flare were obtained
respectively by the RHESS instrument (Lin et al., 2002 and by the Nancay Radioheliograph (NRH) at 432, 410
327, 236 and 164 MHZ (Kerdraon and Ddouis, 1996. Radio spectra from ~4 GHz to ~1 MHz were obtained
respectively by the Phoenix-2 spectrometer operated by ETH Zirich (Mesgner et al., 1999, the radio spectrometer
from AIP Rotsdam (OSRA) (Mann et al., 1992 and by the WAVES experiment aboard the WIND spacecraft
(Bougeret et al., 1995. The EUV image obtained shortly before the flare at 1958 by the Extreme Ultraviolet
Telescope (EIT) aboard SOHO (Deaboudiniére @ al., 1995 is also used to provide complementary information on
the context in which emisson from nonthermal eectrons occurred.



OBSERVATIONS
Temporal Evolution of the Flare at X-Ray and Metric/Decimetric Wavelengths

The GOES M8.2 flare on 10 April 2002at [11230 UT occurred in NOAA region 9901 Figure 1 shows the
time evolution d the GOES X-ray flare, together with the RHESS counts (not background subtracted) in the 50-
100 keV energy band and the X-ray spectrogram (background subtracted) from ~3 keV to ~200 keV. For these
observations, thin shutters were placed in front of the RHESS detectors leading to a decrease in the dficiency for
measuring phatons below ~10 keV. The three bottom plots represent a composite radio spectrum from PHOENIX-
2 in the 4 GHz-100 MHz range, OSRA (Potsdam) from 400 MHz to 40 MHz and the radio spectrum from
WIND/WAVES in the 1-14 MHz band. Figure 2 shows the time evolution d the X-ray count rates in 4 energy
bands together with the metric/decimetric radio flux observed at five frequencies with the Nangay Radiohdliograph.
For most of the event (from ~ 1228 UT to ~12:36 UT) the high count-rate at low energies introduces pulse pile up
effects in the ~25 to~50 keV energy range. These dfects have been corrected to first order in Figure 2. At energies
above 50 keV, X-ray emisson presents two main peaks: one observed around 12:28 UT which extends above 100
keV and a second less energetic one observed shortly after 1230 UT. A fainter peak is observed at (11227 UT.
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Above 1000 MHz, PHOENIX observations $how a strong radio emisson (most probably gyrosynchrotron
radiation) closedy asciated in time with the most energetic X-ray emisson. In the frequency range around 400
MHz, the emisgon starts at [11227:20 UT with a weak burst and then gradually rises from 12:28 UT ( Figure 2).
At lower frequencies (below 300 MHz), faint radio emisson starts after 12:28 UT (i.e. after the most energetic X-
ray peak), the onset time of the lowest frequencies being progressvely ddayed (Figures 1 and 2). A strongincrease
of the radio emissonis observed around ~1231UT and corsists of type Il bursts followed several minutes later by
type Il bursts. The type 1l bursts around 12:31 UT extend below 14 MHZ showing dectron beams injection
towards the corona & heights much larger than 1 Rs above the phatosphere. As e in Figure 2, the strong radio
emisdon doserved at 164 MHz around 12:31 UT corresponds to flux enhancements above the gradually rising
component seen shortly after 12230 UT (close to the second main X-ray peak above 50 keV) at frequencies around
400 MHz. In summary, the second HXR peak is associated with stronger radio emisson at frequencies below 300
MHz than thefirst ore.
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Fig 3: Time series of RHESS images at 12-25 keV with HXR contours at 40-65 keV overlaid (30, 50, 70, 90 % of
the maximum in each image). The fidd is 75" x 75’ . RHESS images and contours are obtained using gids 3to 9
givingaresolution d 77 .
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Figure 3 shows X-ray images at 12-25 keV combined with cortours at 40-65 keV obtained after 12:27:40
UT (i.e with sufficient counts gdatistics in this energy range). The X-ray emisson at 40-65 keV comes primarily
from two sources with dfferent temporal evolutions. It cannd be ecluded however that these sources may be
unresolved at the resolution d 7" shown here (see eg. the observations of the 20 February 2002 ty Krucker and
Lin, 2002. The southernmost X-ray source at 40-65 keV is found to brighten earlier in the flare. Later on a
northern component appears, becomes more extended in size (around 25000km) and predominant at ~12:28:40 UT
andaround 12:30:20 UT.

Figure 4 shows combined contours of X-ray and decimetric radio emissons at 432 MHz. The contours are
superposed on the same EIT image taken shortly before the HXR flare to provide information onthe context in
which emisson from non thermal dectrons arises. The RHESS contours (indcated by X and black arrows) are
shown for the 12-25 keV range exly in the flare and for the 40-65 keV range after 12:28 UT. The southernmost X-
ray component overlays bright EIT structures and is co-spatial with the EIT flare location doserved in the next EIT
frame at 12:36 UT. The northernmost component is located further away (around 20000km) from these bright and
compact EIT features. This northern component appears around 12:28:00 UT at 40-65 keV (image 4 in figure 3),
i.e at the peak time of the first main HXR peak above 50 keV. After 12:28:02 UT, this narthern X-ray source is
located at the base of an EIT loop (half length of the order of 7 10 km) and is dominant at 0 12:30:20 UT, i.e.
during the second HXR peak (seeFigure 3 and image 6 of Figure 4). This north component at 40-65 keV is also nd
cospatial with the X-ray emissonat 12-25 keV during the fainter peak observed at 1227 UT.

Figures 1 and 2 show that around 400 MHz the emisson starts with narrowband bursts observed around
12:27:10 UT , i.e about one minute later than the X-ray emisgonin the 12-50 keV range (image 3 of Figure 4). As
already nded, the predominant X-ray peak at (11228 UT is nat associated with a strong radio counterpart. Very
faint bursts are however seen in the flux time profile (image 4 of Figure 4) correspondng to a new radio source.
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Fig 4: RHESS iso-cortours (thick black) (75,80,85,90,95 % of the maximum) and NRH contours at 432 MHz (thin
black) overlaid onthe EIT image at 1224 UT (shortly before the flare). The RHESS cortours (x) are obtained
using gids 3 to 9 giving a resolution d 7’ and are indicated by black arrows. They are shown for the 12-25 keV
energy range for the first three images and for the 40-65 keV range for the last three images. Note the two
componrents (white arrows) of the 432 MHZ radio emissonin the last image.

The location d the 432 MHz radio source changes between images 3 and 4 together with the appearance of the
northern X-ray component at 40-65 keV. Such coincident changes in the morphdogy d HXR and decimetric
sources have been reported previously for ancther flare (Vilmer et al., 2002. From 12:28 to 1230 UT (images 4
and 5 of Figure 4), the 432 MHz radio source remains at this same position owrlying the EIT loop with the
northern HXR componrent at its base. The next major change in the configuration d the radio sources occurs
around 12:30:43 UT, i.e. at the time of the second major HXR peak and d the enhancement of the 432 MHz flux
(image 6 of Figure 4). A second radio component appears further from the active region much more to the north.
From this time and until 12:33 UT, these two radio components are observed with varying relative intensities. After
that time, the radio emissonis predominantly coming from the southernmost component.

Around [0 300 MHz the emisgon starts late in the flare development. The large X-ray pesk at 12:28 UT is
asciated with a faint radio source (images 1 and 2 of Figure 5). At 164 MHZ, faint radio emisson is observed
still at later times (from 12:28:40 UT). The position d the 164 MHz source changes at 12.29:43 UT, i.e.
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Fig 5: RHESS iso-contours (thick black) (75,80,85,90,95 % of the maximum) and NRH contours at 327 MHz
(dashed-datted white) (75,80,85,90,95 % of the maximum) and 164 MHz (datted white) (75,80,85,90,95 % of the
maximum) observed at different times. Note that the 164 MHz emisson appears later in the flare (from image 3).
The two components at 432 MHz (indicated by arrows) are overlaid for comparison (black corntours) in image 5.
The RHESS and NRH contours are overlaid onthe EIT image obtained shortly before the flare at 12:24 UT. The
RHESS cortours (x) are obtained in the 40-65 keV range using gids 3 to 9 ( 7” resolution) and are indicated by

black arrows.
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together with the significant increase of the 164 MHz flux (seefigure 2). A stronger increase of radio emisson
around and below 100 MHz finally occurs after 12:30 UT at the time of the second HXR peak together with
ancther change in the radio emisgon pattern: the second component appears at 432 MHz and the radio sources at
327 and 164 MHZ jump to the north (images 5 and 6 of Figure 5). These northern radio components are seen at the
time of the strong radio emisson extendng below 14 MHz and may trace the dectron path to the high (> 1 Rg
above the phatosphere) corona and towards interplanetary space. After 12:32 UT, the radio sources at 164 MHz and
327 MHZ remain located to the north and at 164 MHz the radio emisgon pattern becomes quite complicated

exhibiting larger scalefainter features not discussed here.



Summary of the Observations and Discussion

This paper presents new spatially resolved doservations of HXR and decimetric/metric emissons for the
GOES M8.2 10April 2002solar flare. The observational results are summearized below:

- Although decimetric (432 MHz) emisgon starts shortly after the first peak above 50 keV at 11227 UT,
radio emisson at lower frequencies (i.e. below 300 MHZz) start progressvely later and after the most energetic
HXR peak observed above 100 keV. This HXR peak is associated with very weak radio emisson. This is
consistent with the fact that 10 to 15 % of HXR producing eectrons have no cetectable amisson at decimeter and
longer wavdengths (eg. Simnett and Benz, 1986. For this part of the event (i.e. before 12:30 UT), energetic
electrons are corfined in low lying loops (heights of several 10*km) with noaccessto the higher (>10° km) corona.
This is consistent with the observations of the predominant southern compact (C1L0* km) X-ray source during the
most energetic HXR peak and d the decimetric sources overlying EIT loops with scales snaller than 10° km.

- Comparison d HXR images above 40 keV between the rising phase of the X-ray emisson (< 12:28 UT)
and the most energetic HXR peak shows the appearance of a new source above 40 keV which is nat cospatial with
previous X-ray sources at 12-25 keV. This behaviour is smilar to what has been previously observed in some flares
with SMM/HXIS (e.g. Machado et al., 1988 or YOHKOH/HXT (Raulin et al., 2000. A coincident change in the
morphdogy d the decimetric source is also doserved (images 3 and 4 of figure 4). This indicates a causal
relationship between radio and HXR emitting sites attributed to variations in the energy release and dectron
injection sites (seealso Vilmer et al., 2002.

- During the last HXR peak above 50 keV, the northern and more dongated X-ray component is dightly
more intense that the southern ore. This HXR peak is asociated with the appearance of new radio components at
al frequencies further away from the active region and correspondng to intense radio emisgon in the metric
domain. This second peak thus results from energy release in dff erent magnetic structures than the first ones and
larger scales (>10° km ) are now invalved in the process These new radio components further away from the active
region appear at the time of the extension d strong radio emisson below 14 MHz and may trace dectron beam
injection towards the even higher (> 1 Rs) corona and the interplanetary medium.

The two main HXR peaks observed above 50 keV in this event show two dfferent episodes of energy
release and eectron acoderation. The first one occurring in compact (Ca few 10° km ) magretic structures is
responsible for the hardest part of the event in terms of dectrons interacting at the Sun. The second ore is less
efficient for producing the most energetic dectrons interacting at the Sun but leads to eectron injectionin both low
lying (several 10° km ) structures and in much larger scale features (>10° km) leading to radio emisson at lower
frequencies (down to 10 MHz). This scond episode is a candidate for the injection d energetic dectrors in the
high coroma (> 1 Ry) towards interplanetary space. Such an doservation demonstrates the potentiality of combining
RHESS and NRH observations to understand the link between the production d energetic dectrons interacting at
the Sun and the injection d the escaping eectrons giving rise to the radio emissons at the lowest frequencies.
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