INVESTIGATION OF THE SPECTRUM OF GRADUAL (PBI) MICROWAVE BURST EMISSION FROM
RATAN-600 OBSERVATIONS

A. Kriiger', V.M. Bogod®, Sh.B. AkhmedovS

1AdW der DDR, Zentrslinstitut fur Astrophysik,
DDR-1500 Potsdam, Telegrafenberg, GDR

2Lcad. Sci. USSR, Special Astrophysical Observatory,
SU-196140 Leningrad, USSR

3Acad. Sci. USSR, Main (Pulkovo) Astronomical Observatory,
SU-196140 Leningrad, USSR

ABSTRACT. Ususally the exploration of the physical nature of solar gradual
microwave bursts is hindered by the lack of spatially resolved observations
and spectral information. On April 11, 1980 at RATAN-600 a gradual burst (PBI)
was observed at 2.0, 2.3, 2.7, 3.2, snd 4.0 cm wavelength. This event was ana-
lysed in comparison with single-frequency total-flux observations. The capaci-
ty of the informations about the source size and the spectrum of the Stokes
paremeters I and V was checked in order to get conclusions on the emission
process and the structure of the source region.

VCCJEIOBAHME CHOEKTPA MWKPOBOJIHOBEI'O BCINIECKA IIOCJE BCIHIEYHOI'O I'PALYAJDB-
HOI'O MBJIVYEHMSA, I10 HABJRAEHMAM HA PATAH-600: O6HuHO usyueHue ¢usmueckoit mpupo-
IOH COJHEYHNX MHKDOBOJHOBHX BCNJECKOB ONBaeT 38TDyIHEHO HEZOCTA&TOUHHM NpPOCTpPaH-
CTBEHHNM p&3pemeHueM M OTCYyTCBMEM INAHHHX O cnekTpe. li-oro ampeas 1980 r. Ha
PATAH-600 6uan sapermcTpoBaH MUKPOBOJNHOBOR Bcmmeck rpaifyaabHolt dasw BCnumku Ha
nauHax BoaH 2.0, 2.3, 2.7, 3.2 u 4.0 cM. OTO coOmTHE OHJAO PACCMOTPEHO C ydUeTOM
HabavoAeHut BpemeHHwWX npoduxaelt noxHoro morToka COXHLE HA OTHEABHHX YACTOTAX.
JeHHHe 9TuX HabawAeHuii (pasumep MCTOUHMKA, €ro CHEKTp u napaMeTps CTokca) Ouau
NPOSHAIUBUPOBAHH C [eabD MOAYHYHMTH MHPOPMAUMM O MEXSHMBME IeHepalUuy M3IYyUYeHud U
CTPYKTyp€ MCTOUHUKE.

STODIUM SPEKTRA MIKROVINNEHO ZABLESKU GRADUALNEHO POERUPCNEHO ZIARENIA,
POZOROVANEHO NA RATANE 600. Vo vZeobecnosti, ¥tddium fyzikdlnej podstaty sl-
ne¥nfch mikrovlnnych zébleskov byva staZené nedostatolnym priestorovym rozli-
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Sen{m merania a chybajuicimi ddajmi o spektre javu. 11. aprila 1980 na RATANe-
600 bol zaregistrovany mikrovlnny zdblesk gradudélne] fézy erupcie na vlnovych
af2xach 2,0; 2,3; 2,7; 3,2; a 4,0 cm. Tento jav bol analyzovany vzhladom na
pozorovania celkového toku zo Slnka pre Jednotlivé frekvencie. Udaje z tfch-
to pozorovani (rogmer zdroja, jeho spektrum a Stokesove parametre) boli ana-
lyzované z hTadiska z{skania informdci{ o mechanizme generovania rédiovej
emigie a Btruktire zdroja.

1. INTRODUCTION

It is generally accepted that the impulsive and gradual phases observed,
e.8., in X-ray bursts are manifestations of two basic processes of solar fla-
res (de Jager, 1983). These phases are also displayed in microwaves where cu-
stromarily the term "gradusl burst" comprises the types "gradual rise and
fall" (GRF), "preburst increase" (or precursor) (PRE), and "post-burst incre-
"ase" (PBI) (Wild et al., 1963). Time profilles of total-flux observations lead
to the impression of a similar nature of all these types, but already Kundu
(1959) péinted upon possible differences in source sizes and brightness tempe-
ratures between GRFs and PBIs. Unfortunately, up to the present no sufficient
material is gathered in the literature to gain a satisfactory picture of the
totality of gradual flare processes. '

Recently Kosugi et al. (1983 ) published an interesting interferometric
study of bursts at 17 GHz where also source characteristics of PBIs were in-
cluded. But there remains still a lack of sufficient spectral information to-
gether with adequate spatial resolution. In this respect the observations of
the great radio telescope RATAN-600 could help to provide new information,
although, due to the transit-type observations of this instrument, the burst
observations are only obtained by chance and missing time resolution. Taking
into account these cirsumstances, the present communication presents some
preliminary information on a PBI observed on April 11, 1980.

i

2. OBSERVATIONS

The available material consists of original records of RATAN-600 at 2.0,
2.3, 2.7, 3.2, and 4.0 cm wavelength (15, 13, 11, 9.3, and 7.5 GHz, respec-
tively) on three consecutive days and of total-flux records of the observato-
ry for solar radio astronomy (OSRA) at Tremsdorf near Potsdam at 3.2, 10, 15,
and 20 cm wavelength (9.5, 3, 2, 1.5 GHz, respectively) for the burst event
starting on April 11, 1980 at 09.02,5 UT.

Observations of RATAN on April 11, 1980 are shown in Figure 1. The hat-
ched area indicates the burst flux as compared with the observations on April
10 (and 12), 1980. The time of the RATAN observations was about 09.16 UT in
each case. For comparison, the total-flux time profile recorded at OSRA at
9.5 GHz (end 1.5 GHz) is shown in Figure 2.
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Fig. 1: RATAN observation of the Sun on April 11, 1980 at 09.16 UT. The
hatched areas refer to PBI-emission.

The observed spectra of the burst flux and the degree of polarization are
shown in Figure 3. Full and broken lines refer to flux differences with respe-
ct to the day before and to the average of the days before and after the burst,
respectively.
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Fig. 3: Spectra of flux density (top) and the degree of polarization
(middle) and the variation of source sizes (bottom) referring
to the PBI on April 11, 1980 deduced from RATAN-600 observa-
tions. (cf. text).
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3. DISCUSSION

From the observations the following features can be concluded:
Apart from the amplitude, the burst flux spectrum has a similar shape as
that of the S-component source of the same region on the adjacent days.
Also the sense of polarization (L) is the same for both, the S-component
and the burst source.
Both, the S-component and burst observations indicate an inhomogeneous (bi-
polar) source structure which, however, for the burst source cannot be pro-
perly resolved (the burst radiation exhibits higher fluxes and smaller sour-
ece sizes than the S-component source) (cf. below).
The burst source diameters are roughly of the order of one arc minute (cf.
Figure 3).
The different characteristics of the source diameters for the Stokes parame-
ters I and V imply a loop-like burst source structure where shorter wavelen-

gths are emitted at locations nearer to the loop feet.

The sizes of the related S-component sources on the adjacent days behave ac-
cording a cosine law of their central meridian distances.
The S-component radiation of the considered region on the day after the ev-
ent is considerably larger than that of the day before.

The above characteristics indicate the presence of an at least partial

contribution of gyromagnetic (g-r) radiation to the PBI-emission from a bipo-

1

ar loop-like source region. More quantitative diagnostics would require spe-

cial model calculations (similar as carried out for the S-component above sun-
spots, cf. Kruger et al., 1983). The measured discrepancy between the source

diameters in I and V can be only explained if an inhomogeneous source structu-
re with different contributions of g-r and bremsstrahlung is assumed: For shor-

t
a

er wavelengths the g-r- emission (the g-r-levels sinking down) appears incre-
singly concentrated near the (projected) loop foot points which is apparent

not the case for bremsstrahlung- The investigation of more cases is highly de-
sired in order to get a broader experineﬁtal basis for more conclusions.

a
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