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ABSTRACT. Starting with a classification of different types of the sour-
ces of the slowly varying (S-) component of solar radio emission, the radia-
tion from regions outside sunspots has been considered by means of RATAN-600
observations. Firstly, three examples of microwave sources above plage regions
were analysed. Spectra of flux density and polarization characteristics were
discussed in comparison with model computations. Secondly, -the radiation from
the space between bipolar sunspots was investigated on the base of further
RATAN observations. Special attention was paid to the phenomenon of high emis-
sion peaks which cannot be explained in the frame of traditional models of
thermsl emission. Three kinds of outstanding source characteristics have been
specified which require a quantitative analysis by future loop models.

WCCIEZOBAEME "TEIVIOBOT'O" M "HETEIUIOBOI'O" M3JVYEHMSA S-KOMIOHEHTH BHE COf-
HEYHHX IATEH: Mcxomd M8 KASCCUPUKENUM DESAMYHHX THOOB MCTOYHMKOB MEAXEHHO M8-
ueHapmelica (S)-KOMIOHEHTH COJHEWHOrOo PaIKOMBAYHYEeHUS, KsAydYeHue OT obaacrell BHe -
COXHEUHHX MNATEH OHAO PACCMOTPEHO, Ha OCHOoBe H8GawieHuli Ha PATAH-600. Bo mepBux
GHAM NMPOSH&IM3OBEHH TPHM NPUMEPa MMKPOBOXHOBHX MCTOYHMKOB H@J QAOKKYAHHME 06—
XecTAMM. COeKTPN NOTOK@ ¥ HOAIPUSANHOHHHX XADAKTEDHCTHK OHAK MSyYeHN B CpaBHe-
HMH C MOJENBHHMW pacueTaMu. Bo BTODHX, MsAyUeHMe M3 NPOCTPAHCTBA MEXXy ORIO-
ASPHHMM CTPYKTyp&MUM NATeH ONAM MSydeHH H@ OCHOBe AaabHelmux HaGawneHu# Ha PA-
TAH-e. CxeanyeT o6paTuTh 0CO60e BHUMAHME HE@SBAEHHE NNKOB C BHCOKOM oMucueft, xo- '
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TOPHE HeAb3fl OCBACHUTL B PAMKEX TPAAMIMOHHHX MOJReXeil TenxoBOro usaydenHus. Tpw
BUl2 HeOOHKHOBEHHNX XAP8KTEPHMCTHK MCTOYHMKOB BHe NATEH OHAM CHeuudUOMPOBEHH M
OHM TpPeOyDT KOXMUECTBEHHOE ONNC&HME C IOMOmMD RKPKOBHX Monexei.

v§SKUM "TEPEINEHO" A NETEPELNEHO" RADIOVEHO ZIARENIA S-ZLOZKY, KTORE
VZNIKK V OBLASTIACH MIMO SINESNYCH SKVAN: V préci si klasifikované rézne typy
zdrojov pomaly sa meniacej (S)-zloZky slne¥ného rédiového Ziarenia. Na zéklade
pozorovani, uskutolnenych na RATAN-e, bols skimané S-zloZka vznikajica v ob-
lastiach mimo slne&nych 3kvrn. 1/ Boli analyzované tri pripady mikrovlnnych
zdrojov nad flokulovymi polami. Spektrum rédiového toku a polarizalné charak-
teristiky boli porovnané s modelovymi vypodtemi. 2/ Ziarenie z priestoru medzi
bipolérnymi 3truktirami gkvrn bolo skimané na zéklafe dalsfch pozorovani na
RATAN-e. Obzvld3t trebs upozornit na vyskyt maxim, vyznaujicich sa vysokou
hodnotou emisie, takZfe sa vymykaji 2z rozsahu tradilnych modelov tepelného Zis-
renia. Boli 3pecifikované tri druhy zvl&3tnych charakteristfk zdrojov, ktoré
sa nachédzaji mimo oblast slne¥nych ¥kvrn a kvantitativne si vyZadujd rieSZenie
pomocou slne&nych modelov,

1. INTRODUCTION

During the last decade high-resolution microwave observations made signi-
ficant contributions to the knowledge of the structure of solar active regions.
Different sub-component of the S-component could be distinguished which are
related to different parts of the active regions. These concern
(i) radiation from source regions above the core of sunspots at high magnetic

fields, .
(ii) radiation from sources relsted to plage regions, and
(iii) rsdiation from magnrtic loops and/or filaments between sunspots.

Presently best understood is the emission from the sources above sunspots.
Here the magnetic field is believed to be rather regular and model calcula-
tions of gyromagnetic (g-r) radistion from deep coronal levels are in asccor-
dance with the observations (Gelfreikh and Lubyshev, 1979; Alissandrakis et
al., 1980; Aknmedov et al., 1983; Kriiger et sl., 1985). The present communica-
tion therefore drews the attention on the other sub-components (ii) snd (iii)
on the basis of selected RATAN-observations.

The emission from plage regions (so far not superimposed by the loop com~
ponent) exhibits a more or less flat intensity spectrum which can be generally
ascribed to Coulomb bremsstrahlung from the chromosphere-corona transition
region (CCTR). Although not resolved by present-time observations, an addi-
tional contribution of (g-r) radiation from small bright plage elements seems
likely. .

The S-component emission from the loop component between sunspots (and

covering also filaments) is associated by soft X-rays. Owing to our still in-
adequate knowledge of magnetic fields and energy release processes in the co-
rona, this sub-component is worse understood. The radio loop emissicn appears
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to be complex in nature and also its terminology is not unified (there are, e.
&., the labels interspot and halo emission in different use by different au-
thors ). Nevertheless, a point of principal interest is the occasional occur-
rence of sn excessive radiation at high temperatures (T 5 10° °K) in spparent
absence of burst events (Akhmedov end Gelfreikh, 1981; Webb et al., 1983; Ka-
verin et 21l., 1983).

2. PLAGE REGIONS

Three cases of S-component sources related to plage regions have been se-
lected being locsted not very far from the central meridian of the Sun on
March 3, 1977, July 15, 1982, and July 28, 1984. These examples demonstrate a
great range of possible variations: The source sizes vary between about 4 and
10 arc min, and corresponding fluxes between 1 and about 15 sfu at 15 GHz for
the present sample.

A (em)
1 10 ([V[V]
logl,
A\
513 b .
@
T
N
T
a
- 14 f -
ES 5d
\\\ 5c¢
-15 L 5b A
-16 —_— -
Tt
l =
0 1 2
log A (cm)

FPig. 1: RATAN-observations of I -spectra. Q - quiest Sun, plage regions:
1 - 28.07.1984; 2 - 15.07.1982; 3 -~ 02,03.1977, interspot regions:
4 - 01,05,1979; 5 - 15.07.1982 (sources "b", "c", and "d");
6 - 27.05.1960, o - o : model calculations of a strong sunspot
component.
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The observed specira of the intensity I are shown in Figure 1. The cor-
responding brightness temperatures Tb for the above three cases are 14.5x103,
12.4x103, and 11.3x103 K at 15 GHz and 27.6x103, 23.3x103, and 16.8x10° K at
7.5 GHz, respectively. Towards lower frequencies (= dm-wavelenghts) the brig-
htness temperatures continue to incre:se, and also the differences between in-
dividual plage regions become greater. At 1.4 GHz, e.g., the values of Tb re-
sch 13.9x10% and 37.8x10% K on July 28, 1984 and July 15, 1982, respectively.

The difference in brightness can be principally explained by the assump-
tion of a different (number) density of bright plage elements embedded in the
quasi-quiet background and/or by variations of the electron density/temperatu-
re profiles in the CCTR. The bright plage elemnets are a characteristical fe-
ature in optical observations, but their sizes (£ 1 arc sec) are yet below the
resolution of the radio observations.

As a further characteristical feature, medium-size inhomogeneities of di-
mensions of about 20 arc sec are displayed by the RATAN observations. The flux
pattern and, even better, the polarization pattern exhibit a wealth of fine
structures of different scales. This feature heavily empedes the application
of simple models (cf. Kruger and Hildebrandt, 1985). Nevertheless, a superpo-
sition of g-r emission (at Bmax = 0.1 ... 0.2 T with different scale heights
and a not too steep CCTR) with filling factors of, roughly saying, less than
20 per cent is expected to be consistent with the RATAN observations.

Consistent with the above picture, the average degrees of polarization p
are rather low (p£0.04), elthough the existence of not resolved fine structu-
res of p at much higher values can be assumed.

3. RADIATION FROM THE INTERSPOT REGIONS

Aside plages, the S-component rsdiation from the space between opposite
sunspots appears to be complex in nature. The source regions contain loops,
filaments, and unspecified areas. Three examples of RATAN observations on May
1, 1979, May 27, 1980, and July 15, 1982 may be used to demonstrste these fe-~
atures. '

The intensity spectrum of the interspot radiation on May 1, 1979 (Mac
Math No. 15974) can be interpreted as an overlapping of plage associated radia-
tion and loop radiation at moderate magnetic fields. This example shows, how
the interspot radiation can result in comparatively large fluxes =zmounting
more than the 18-fold of the flux of one lsrge sunspot at 15 GHz! (cf. also
below). However, due to the large area covered by the interspot emission, high
flux density must not necessarily lead to very large brightness temperatures:
Tb ranges from 33.103 to 137.3.103 K between 15 and 7.5 GHz, respectively.
(For Iy cf. Figure 1). The degree of plarization was rather low in the pre-
sent case, the highest vealue. (p = 0.05) occurred at 7.5 GHz.

Considering the very complex active region AR 3804 on July 15, 1982 (cf.
Akhmedov et al., 1985), it can be concluded that the highest brightness tempe-
ratures and most anomalus spectral characteristics are Jjust related to source
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regions between large sunspots. In this connection the sources labeled "b",
"c", and "d" by Akhmedov et al. (1985) are of highest interest: Source "b" is
bridging a filament in a phase of splitting up into two different brances
(Bachmann, 1986). The radio flux spectrum shows s maximum at the shortest wa-
velength (2.3 cm). Such a spectrum is incompatible with usual model calcula-
tions of thermal g-r emission (cf. Krliger et al., 1985). On the other hand,
due to the source size, Tb is not extreemely high (reaching 106 K at 7.5 GHz).
Below 13 GHz the intensity does not exceed the theoretical flux spectrum of a
strong spot-related S-component source (curve 0 in Figure 1).

Extreemely high temperatures (possibly up to about 8 106 K!) and intensi-
ties (cf. Figure 1) are indicated by the RATAN observations of the sources "c"
and "d" by Akhmedov et al. 1 (1985). These sources cover the umbra of a large
sunspot plus interspot region ("c") and the umbrae of two further spots (one
of them belonging to a J)-configuration) together with a filament which devi-
des both spots which have the same (!) S-polarity ("d"). The spectra of I, of
both sources clearly exceed the emission of normal spot-related S-component
models and require a description by loop models.

A further example of a very complicated source of S-component radietion
concerns the observation of the active region 16863 on May 27, 1980. For this
source already Webb et al. (1983) detected the presence of hot kernels which
stimulated the assumption of a contribution of nonthermal radiation. The RATAN
brightness spectrum (even without resolution of single hot kernels) is extree-
mely '"hard" and likewise cannot be explained by thermal g-r emission at reaso-
nable magnetic fields.

4. DISCUSSION

Two sub-components of S-component radiation from sources essentially out-
side the core region of sunspots have been considered here. In the first case,
the radiation from plage regions corresponds to relatively low brightness tem-
peratures signifying an origin at compsratively deep levels (CCTR). The obser-
vations are not incompatible with the assumption of an inhomogeneous source
structure composed of bright (subtelescopic) plage elements and a quasi-quiet
background. The observed range of individual spectral characteristics can be
principally explained by local variation of popﬁlation density of the plage
elements as well as by variations of the distribution of thermodynamical pa-
rameters in the background medium.

The radistion from the regions between sunspots exhibits three outstan- .
ding festures realised in different active regions:

a/ Excess of flux density at high frequencies (which must not necessarily re-
sult in high brightness),

b/ Excess of brightness over a broad spectral range especially at dm-waves,

¢/ Excess of brightness at short cm-wavelengths.

Items b/ and c/ were already discussed in the literature either favouring
(Gelfreikh et al., 1970; Akhmnedov and Gelfreikh, 1981; Webb et al., 1983;
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Chiuderi Drago and Melozzi, 1984; Shibasaki et al., 1983) or denying (Zlotnik,
1983 ) a contribution of radiation from a nonthermal electron population. Our
findings reveal the existence of a variety of "super" thermal S-component
spectra. But it is argued that a final decision about their true nature must
be postponed after the development of realistic loop models and chacking by
two~-dimensional high-resolution observations.
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