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Abstract. The spatial structure and evolution of the radio emitting region in the solar corona
above the complex group of sunspots (SD No 24/1976) at the stage of violent activity is studied.
Polarization observations with a high spatial resolution (about 10 arcsec) in the wavelength range
1.35 cm - 18.0 cm have been used for this purpose. From the data obtained a qualitative model
of the three-dimensional structure of the radio emitting region is constructed. A hot flare-like
loop (peculiar source) which existed quasistationarily for about 5 days and a source of cyclotron
nature radiation with predominant ordinary wave are the most prominent details of the model.
Boun phenomena are related to anomalous and prolonged energy release in the region of radiation
origin. Joule dissipation of electric current in the circuit “coronal magnetic loop — photosphere”
may be such a source of energy, electric current being generated by subphotospheric motions of
solar matter, and the high resistance is due to collisions of ions and neutrals in a way similar to

that it occurs during solar flares.
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1. Introduction

Active regions (AR) on the Sun, as it follows from
observations, are extremely diversified in any range
of electromagnetic radiation. In the radio wavelength
range, for instance, the brightness and other charac-
teristics of local sources (1.s.) of radio emission located
in the solar atmosphere above AR vary over a very
wide range. This refers to all basic components of the
structure of l.s.: sunspot associated (nuclear) details,
halo and peculiar sources. The variability of the lat-
ter can be explained by the fact that non-thermal
processes are likely to play an important (if not deci-
sive) part in generation of their radiation. The nuclear
component of l.s., as one of thermal nature of radi-
ation, must be more stable, however, its brightness
varies occasionally or in the process of evolution by
tore than one order. What determines the degree of
heating and where are the sources that heat up the
atmosphere above ARs, and which is the mechanism
transporting this heat? This question remains one of
the main problems of physics of the solar atmosphere.

Due to the great variety of ARs on the Sun they
have long been studied by way of classifying the char-

Sun: activity — Sun: corona — Sun: radio

acteristics. The regular observations at RATAN-600,
owing to which a wealth of observational data have
been accumulated, allows proceeding to statistical in-
vestigation of the l.s. structure. Peterova (1994) has
attempted to develop a certain classification of L.
based on the type of their halo. The paper seeks to
search for common features of the structure and evo-
lution of radio radiation of sunspot groups with the
same type morphology.

First we have chosen a sample of complex vigor-
ously active ARs, when a new bipolar group of young
sunspots is formed near the old isolated sunspot. This

- type of ARs are characterized by high flare activity,

which creates favourable conditions for detection of
sources heating the atmosphere above ARs. The work
has been done on the basis of observational data of*
AR SD No. 24/1976. The results of analysis are com-
pared with the observations of a similar AR SD No.
259/1980 (Peterova et al., 1996). In both cases above
one of the young sunspots a region with an excess of
ordinary mode radiation has been detected. This phe-
nomenon is likely to be associated with the negative
temperature gradient due to the increased energy re-
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lease above the sunspot. This regularity, which is con-
firmed in a number of other cases, provides grounds
for selection of a new subclass of sunspot associated
details —— the sources with inverse polarization of ra-
diation. Investigations of evolution confirm once again
that radio observations can be efficiently used for the
study of active processes on the Sun, the onset of
which is more distinct here than in other ranges of
the electromagnetic spectrum.

2. Description of the AR SD
No. 24/1976

The indicated AR (SD is the number label of the bul-
letin “Solnechnye Dannye”, McM No. 14179 is that
of the bulletin SGD) was observed in its third rota-
tion (CMP=IV-27.4). In the first rotation (SD No.
10/1976) this was a bipolar sunspot group of small
area (Sp=20-50 m.s.h.) which turned up on the visi-
ble side of the Sun and existed only three days. In the
sccond rotation (SD No. 16/1976) the AR represented
a large and complex sunspot of class H (Sp=600-800
mi.s.h.) of inverse magnetic polarity surrounded with
a very bright flocculus. According to Akinian et al.
(1983) 1n the third rotation this AR was observed
as a sufficiently bright middle-sized flocculus. Until
27/1V a unipolar regular sunspot of S-magnetic po-
larity (Sp=200-240 m.s.h.) was situated in its eastern
part. Beginning from 29/IV a new bipolar group of
sunspots of inverse polarity appears to the north of
this sunspot, the area of the main old sunspot being
dimminished. The maximum development of the young
part of the group is observed on 30/IV - 01/V 1976,
after that the AR breaks down quickly.

On the whole the AR was characterized by en-
hanced flare activity. It gave rise to two powerful
events: in the second rotation the flare of 28/III
(Tiax = 19.5UT) of class 1B, X1, while in the third
rotation the flare of 30/IV (Tmax = 21.0UT) of class
IB. X2. These were proton flares accompanied by
a number of helio and geophysical effects. Hedeman
(19581) has noted this AR to be the most significant
event on the Sun in 1976. It was observed in a period
of minimurn solar activity just at the border between
the 20th and 21st cycles. By its location on the solar
disk (latitude S 07-08) it must be referred to the old-
cycle ARs, however, the sign of polarity alternation
in 1t corresponded to the new cycle.

3. The observation and the procedure
of analysis

The basic observational material for the investiga-
tion of the AR SD No. 24/1976 was obtained in the
observations carried out during the solar eclipse of
29/1V at the wavelengths 4.0 cm (near Zelenchuk-

skaya, D=3 m) and 4.85 cm (near Kislovodsk, D=3 m)
with an effective resolution of 8-12 arcsec and at the
RATAN-600 in the period from 26/IV to 01/V at
the wavelengths 2.08 cm, 3.90 cm and 6.52 cm with
a resolution of 14" x 1.2/,28" x 2.3’ and 47" x 3.9/,
respectively. The preliminary results of the observa-
tions are available in the papers by Gelfreikh et al.
(1978), Korzhavin (1979), Boldyrev et al. (1978).

For AR SD No. 24/1976 we used a great body of
additional data owing to the fact that this AR was ob-
served during the STIP-interval. These observations
were systematized and published in “Collected Data
Reports for STIP-interval I1”, 1977 (Report UAG-
61), where the principal solar, interplanetary and geo-
physical phenomena for the period (20/II1 - 05/V)
1976 are described in details. To widen the spectral
range of investigations, the results of the eclipse ob-
servations of this AR at 1.35 cm (Efanov et al., 1977)
and 18 cm (Gosachinsky et al., 1977) as well as the
observations with the Large Pulkovo Radiotelescope
(LPR) in March — April, 1976 at 4.4 cm and 9.0 cm
(Akhmedov et al., 1991) are also included into con-
sideration.

The identification of separate details of the l.s.
structure was performed with high accuracy (2 arc-
sec) by means of comparison of radio images with the
photoheliogram on the day of the eclipse, 29/1V, using
coordinate measurements by Matveev and Yurovsky
(1977). For the other days the photoheliograms kindly
made available from L.Dezhe (Debretsen, Hungary)
were used. In the given case the observational mate-
rial is noted for its fair completeness and high qual-
ity. The analysis of our own data and of those ob-
tained at the RATAN-600 was performed by well-
developed methods (Gelfreikh et al., 1974; Akhmedov
et al., 1987). The preliminary results published ear-
lier are specified and reconsidered taking into account
the present—-day knowledge of the structure of ls.

4. The structure of the l.s. of AR SD
No. 24/1976

The characteristic properties of multicomponent
structure of this AR reflect best the radio obser-
vations in the eclipse. In Fig. 1 is shown the one-
dimensional brightness distribution of the l.s. of this
AR during the eclipse at 4.85 cm. A very like distri-
bution was obtained at a close wavelength, 4.0 cm.
To demonstrate the peculiarities of the structure,
Fig. 2 displays in more detail the image of the AR
from the observations at this wavelength. In the struc-
ture of the l.s. 5 details can be noted. Three of them
are related to the main sunspots of the group: detail
A is associated with the old largest area sunspot, de-
tails B and C are situated above the young sunspots
of the new bipolar group of N and S magnetic polar-
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Figure 1: The structure of the ls. and the group of sunspots of the AR SD No.24/1976 from observations of
the 29/1V solar eclipse at 4.85 cm at the moments of contacts with the Moon limb.

ity, respectively. The distribution of the degree of po-
larization over the l.s. indicates that the radiation of
the three details was strongly polarized. This helped
to resolve the unpolarized radiation of this compact
l.s. into separate details.The division was performed
under the assumption that all polarized radiation of

the ls. is due to the sunspot associated details and
the degree of polarization of this radiation is 100 %
at the wavelength 4.0 cm and 50 % at 4.85 cm. After
subtraction of these details from the total radiation,
weakly polarized details H1 and H2 are revealed.

The identification of detail H2 is apparent — this
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Figure 2: The brightness distribution of non-polarized radiation (I) and degree of polarization (P) for the l.s. AR
SD No. 24/1976 obtained by the eclipse method on 29/IV at 4.0 cm. The dashed line shows the division of the
total fluz into separate details (A,B,C, Hl and H2, F). The lower part displays the sketch of a photoheliogram
with indication of sign and strength (100 Gs) of the mazimum magnetic field in the main nuclei of the sunspots.
Enframed at the top is the position of individual details of this l.s. with respect to the main sunspots from the

eclipse observations at 1.35 cm (Efanov et al., 1977).

i the magnetosphere of the young part of the group,
which forms a halo-type source. This is suggested by
both the position of the source whose coordinate falls
within the interspot space B—C and its size compara-
ble with the separation between the young sunspots
of opposite magnetic polarity. Detail H1 has like char-
acteristics (halo or peculiar source) too, although the
identification in this case is not as apparent. However,
this niay be supposed to be a magnetic loop formed
as a result of interaction between old sunspot A and
neighbouring young sunspot B of opposite polarity.
The displacement of the coordinate of detail H1 to-
wards W with respect to sunspots A and B may be
cousidered as an effect of elevation of source H1 lo-
cated at the top of the loop that connects spots A and
B. The existence of magnetic loops related to details

H1 and H2 is supported by observations of this AR
in the Hy line. According to Gaizauskas et al. (1977)
on 29/1V two arch systems of fibrilles which connect
spots A—B and B-C are observed.

As it will be shown below, to understand active
processes that have occurred in the AR, observations
in the short-wave part of the spectrum are of ex-
ceptional importance. In this connection in Fig.2 we
represent the structure of this l.s. obtained by the
eclipse method at 1.35 cm, following Efanov et al.
(1977). According to these observations the total flux
of the l.s. was concentrated on three details. Two
of them having small sizes, about 10 arcsec, coin-
cide with sunspots A and B. By the way detail 2
(sunspot B) has the highest brightness temperature
(Ts = 314kK). Detail 1 contributes half of the to-
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Figure 3: (a—f). Dynamics of the l.s. AR SD No. 2//1976 from the RATAN-600 observations in the range
(205-6.52) cm. I and V are the Stokes parameters presented in antenna temperatures (the scale is given on the
left) The degree of polarization P=V/I is shown by the dashed line. For some bright details of the l.s. structure
the estunate for the effective size of the radiation region along the day parallel (E-W azis) is presented. At the

bottom the sketches from photoheliograms are displayed.

tal flux of Ls. at the wavelength 1.35 cm. By position
and size this detail coincides with halo H2 observed
at longer wavelengths.

At the wavelength 1.35 cm all three details had ex-
cess left—polarized radiation. The same was observed
at 4.0 and 4.85 cm. Attention is attracted by the un-

usual sign of polarization in the source situated above
sunspot B since the sunspot had the magnetic field
of northern polarity. To explain the polarization sign
inversion, one frequently uses the effect of interaction

of normal waves in the region of transverse magnetic
field. In the case of AR SD No. 24/1976 the influ-
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o= of the magnetoactive plasma on the polarized
raliation, propagating through it, has been examined
tv Ryabov (1982). A model calculation shows that a
2 variation of the free model parameter causes es-
~-1.11al change of magnetic field strength in the region
I inversion screen. That is why in this case the in-
version of polarization sign is difficult to explain by
this nieans in a wide wavelengths range.

Weakly polarized detail F located east of the
sunspot group has no apparent identification. Its ra-
diztion is likely to be short-lived, for this detail is ab-
sent on the RATAN-600 scans. A similar short-lived
extended region situated aside from the sunspots and
hiaving no clear identification was detected also in the
case of AR SD No. 259/1980 (Peterova et al., 1996).
All this suggests that the structure of the subpho-
tospheric magnetic field of this type ARs was much
more complex than one can judge from the strong
ficlds of the sunspots at the level of photosphere. The
presence of fast-variable details also indicates: that
the magnetic field of these ARs, as a whole, is ex-
tremely unstable.

RATAN-600
28.04.1976

Figure 3: c.

5. Evolution of the l.s. AR SD
No. 24/1976

The development of this l.s. according to the observa-
tions with the RATAN-600 is represented in Fig. 3a—-
f. The structure and intensity of radiation start to
change with the short wavelengths in the period be-
tween 26 and 27/IV: at 2.08 cm a strongly polarized
(100 %) source of radiation of very small size (about
5 arcsec) appears above the stable old sunspot which
had much larger sizes (20-25 arcsec). At longer wave-
lengths the variations are not as significant, however
the effective size of the radiating region above this
sunspot is somewhat reduced too. At the photosphere
level the area of the sunspot and the magnetic field
strength remain practically unchanged. The radio ob-
servations show that the atmosphere above the old
sunspot as if begins to “feel” more than 48 hours
in advance the subphotospheric processes, which will
eventually give rise to new activity in close proximaty
to it.

On the next day, 28/IV, north-west of the old
sunspot pores of opposite magnetic polarity appear,
while in radio radiation the intensity of the source
above the main spot continues to rise, and at 2.08 cm
it is already clearly noticed not only in polarization
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Figure 3: d.

but also in intensity (Fig. 3c), preserving the small
size.

Sudden activization of the group of sunspots is ob-
served during the next 24 hours. On 29/1V the emerg-
ing loop forms new sunspots of both polarities at the
photosphere level, which is accompanied by a consid-
erable (two—fold at all the wavelengths) increase of
flux and complication of the l.s. structure. If previ-
ously ouly one bright detail above the main sunspot
wits observed against the background of the extended
low -contrast source of about 5 arcmin, now the l.s.,
as indicated in the previous section, consists of five
details.

The day of 30/1V was noted in the history of this
AR for its powerful flare of class 1B, X2. The obser-
vations at the RATAN-600 and LPR were performed
12-13 hours before the flare. On this day the radia-
tion flux from the AR reaches its maximum value: ac-
cording to the LPR observations in the range 4.4 cm—
9.0 cm (Akhmedov et al., 1991) it increases twice as
compared with the day before. From the RATAN-
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600 observations it is seen that at the short wave-
length, 2.08 cm, the atmosphere above the AR be-
comes turbulent: the sunspot associated sources are
poorly discerned in the general structure of the l.s.
In the intensity only one detail is visible, its position
approximately coincides with the nucleus of a weak
flare that is to occur in this AR about three hours
later (Gaizauskas et al., 1977). On the other hand,
however, in the polarization the sources above all the
sunspots are visible well enough, the structure of the
polarizational image being more “normal”: above the
sunspot with the magnetic field of N polarity a source
of right sign is first recorded. )

A similar structure of the polarization image was
observed on the next day, 01/V, at a longer wave-
length, 3.90 cm. From this day the l.s. begins to de-
grade: the total flux decreases, the source formed by
the plasma of magnetic loop H2 weakens consider-
ably. As is frequently the case, the development of
active processes ends in a powerful flare after which
the AR returns to its quasiquiet state.
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Figure 3: f.

6. Discussion of results

1. The spectra of radiation of the main details of the
Ls. structure of AR SD No. 24/1976 from the obser-
vitions on the day of the eclipse are presented in Fig.
4a=b. It must be kept in mind that the l.s. structure
has been divided up into separate details under the
assuinption of high polarization degree of sunspot as-
sociated sources, therefore the radiation flux value at
wavelengths longer than 4 ¢cm for detail B may be
underestimated, while for detail H1 it may be over-
estimated. However, the character of the spectrum
must conserve qualitatively assuming a lower degree
of polarization.

The most apparent is the nature of radiation of
sources C and H2 which are genetically related to the
young part of the AR (sunspot system B-C). Detail
(" has all the features of a typical source of cyclotron
nature: the flux growing with encreasing wavelength,
sizes comparable with those of sunspots, high degree

of polarization. A certain excess of non—polarized ra
diation (detail C1) suggests that the degree of po
larization was actually less than 100 %. This can be
explained by the assumption that the magnetic field
necessary for generation of emission at the seconc
harmonic of gyrofrequency, partially extends to the
region of high coronal temperature values. On the
other hand, detail C is most likely a superpositior
of radiation of smaller sources belonging to separate
sunspots. Earlier it'was shown by observations that
in the region of aggregation of closely spaced pores
or small sunspots the non-polarized radiation, oftern
with non-thermal spectrum, is nearly always detected
to increase. The radiation of detail C1 may be of the
same nature, its contribution to the total flux is smal;
— at 4 cm it amounts to 0.3 s.f.u.

The polarization sign of detail C throughout the
whole wavelength range corresponded to the excess
of extraordinary wave, i.e. there was no influence of
the transverse field on the polarized radiation, al-
though this phenomenon might qualitatively be ex-
pected proceeding from the geometry of the AR at the
moment of observations. The corona above sunspot C
sank apparently sufficiently low, however, the condi-
tions for generation of radiation at the short wave-
length, 2.08, cm were not realized (the source was ex-
tremely faint), possibly due to low strength of mag-
netic fields. The fields of the order of 1.7 kGs nec-
essary for generation of radiation at this wavelength
were in the region of the cold chromospheric plasma.

The radiation of halo H2 was of bremsstrahlung
character — flat spectrum with minor polarization.

In contrast to the sources related to the young
loop, the sources located in the system of sunspots
A - B had peculiarities both in intensity and in po-
larization. The spectra of details A and B is given
separately in Fig. 4b to emphasize their peculiarity,
namely the presence of the short—wave radiation ex-
cess. From Fig. 4b it is seen that in both details the
spectrum is a superposition of spectra of two types
— thermal bremsstrahlung and cyclotron emission.
These border at a wavelength of 2 cm: at higher fre-
quencies bremsstrahlung predominates. For detail B
the spectrum of this radiation drops abruptly with
increasing wavelength, while for A it remains flat or
also drops towards long waves. The degree of polariza-
tion of detail B at the shortest wavelength, 1.35 cm, is
not high, P=(3-4) % (Efanov et al., 1977). At wave-
lengths larger than 2 cm cyclotron emission appears:
the flux increases with wavelength, the degree of po-
larization rises.

The most remarkable feature of the polarized radi-
ation of detail B is the predominance of the ordinary
mode of radiation in a wide wavelength range (1.35 -
4.85) cm. The inversion of the temperature gradient
in the source of radiation is a preferable interpreta-
tion in this case. For this a source or a mechanism of
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Figure 4: The spectra of the fluzes F! of separate details of the Ls. structure (A,B,C, H1,H2 and F) for 29/1V
obtained from the RATAN-600 and eclipse observations. Detail A — circles, detail B — squares. The dashed
line ts extrapolation of the bremsstrahlung spectrum to the long-wave part of the spectrum.

heat transport must exist for the additional heating
of the coronal plasma in the solar atmosphere above
sunspot B. The features of radio emission of detail
H1 described above are believed to be related to a
mechanism of anomalous release of energy.

The study of the l.s. fine structure over the last
few years has shown (see e.g. Akhmedov et al., 1987;
Peterova, 1994) that the sunspot associated com-
ponent in a number of cases gives rather a small
coutribution to the total flux of ARs. The sources
above the sunspots come second in brightness tem-
perature (Tg = 1 — 3 MK) after the peculiar details
(Tg = 5 — 10MK), however, in contribution to the
total flux (less than 50%) they may be at a con-
siderable disadvantage in relation to the halo-type
sources. This result is confirmed by the investigation
of the AR SD No. 24/1976.

2. The three-dimensional structure of the l.s. is
represented schematically in Fig. 5. All the obser-
vatious have shown that most likely the l.s. of the
investigated AR consisted of a system of three-loop
structures (arches). The outermost arch H is based on
a lloccule whose magnetic field was bipolar. This arch

lield the plasma whose radiation on the RATAN-600

scans manifests itself as a low—contrast extended (4-6
arcmin) source especially visible at short waves dur-
ing the first period of evolution of the AR (till 27/IV).
In all probability the radiation of this plasma was of
bremsstrahlung character because in the observations
of the eclipse at 18 cm source H was not recorded
(Gosachinsky et al., 1977).

The foundations of the arch H2, located below,
were fixed in the sunspots of opposite polarity of the
young part of the AR. Most likely the plasma circulat-
ing in the loop was in equilibrium state: its radiation
(source H2) was of therrnal bremsstrahlung nature,
above sunspot C a typical source of cyclotron radia-
tion was situated.

All distinguishing features of the AR are related
to loop H1. The loop is supposed to have originated
as a result of interaction between the old and new
magnetic- fluxes and reconnection of part of mag-
netic force-lines. The interaction began two days be-
fore the apparent activization of the AR at the pho-
tosphere level and is considerably intensified at the
moment the strong magnetic fields extended into
the corona and new sunspots were formed (29/IV).
Concerning phenomenology, arch H1 closely resem-
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Figure 5: The scheme of the three-dimensional struc-
ture of the radiation region above the sunspot group
SD No. 24/1976. The brighter regions of arch HI are
cross—hatched. The footpoints of this loop, which were
observed as sources of higher brightness in the short-
ware part of the spectrum, are shown black.

bles a flare loop: at its foundations (legs) are ob-
served low-positioned bright footpoints that mani-
fested themselves as compact bremsstrahlung sources.
The brightness of their radiation at the short wave,
1.35 cru, is more than an order of magnitude higher
than that of a quiet atmosphere of the Sun. The foot-
point above the young sunspot is three times hot-
ter than the footpoint above the old sunspot (300
kKK and 100 kK, respectively). The above-situated
plasima was also heated as a result of which the cy-
dotron sources became brighter (in Fig. 5 they are
shown as two gyrolevels). It may be assumed that
the hieating above the footpoint B was so great that
mversion of the temperature gradient in the region
i zeneration of cyclotron emission took place, which
explains the reversal of the polarization sign. The re-
fietion of the effective sizes of the cyclotron source
A 1 the course of evolution (the period after 26/1V)
may be regarded as formation of a thin hot tube,

‘ord”. along the centre line of the loop (in Fig. 5 it is
liatchied). At the top of loop H1 hot plasma was held,
whose weakly-polarized radiation was non-thermal
~ce the spectrum of detail H1 in Fig. 4a).

Though arch H1 resembles in morphology a flare
loop the region of radiation of H, flares, however,
does not coincide in this case with arch H1. According
1o Gaizauskas et al. (1977) the nucleus of the subflare
of 30/IV was observed north-west of the sunspot B,
e itself was preceded by emergence of a small
nent related to the other loop, arch H2. A possible
position of the filament in the three-dimensional AR
structure is indicated by the mark Fl in Fig. 5.

We can judge of location of the 30/IV powerful
flare in this AR on the basis of indirect evidence only.
When observing its associated outburst (Akhmedov

et al.,, 1991) with a low resolution, the polarization
of its radiation in the range (3-5) cm was found to
be right-signed. Nefed’ev et al. (1969) have observed
that the outburst polarization sign is determined in
some cases by polarity of the nearby sunspot. If this
is the case, the flare must then be luminous near
sunspot B, that is the coordinates of the powerful
flare were coincident with those of the subflare whose
position we know exactly from the observations in
H,.
From the comparison of the results of l.s. AR SD
No. 259/1980 and of l.s. AR SD No.24/1976 observa-
tions it follows that in the region of H, flares emission
the long-lived detail of considerable intensity was ab-
sent in the structure of the latter as it was the case
for the forrer. This may qualitatively be related to
the difference in conditions for the emerging loop in
the system of AR large-scale magnetic fields. In the
case of AR SD No 259/1980, interaction between the
arch that existed earlier and the young loop emerging
near it took place, both had normal polarity alter-
nation. The interaction occurred on the demarcation
line between these magnetic islands and showed it-
self as a strong halo-type source. In the same region
chromospheric flares were registered, a very power-
ful one occurred too. The indicated region coincided
in position with neither of the loops that assumingly
composed the three-dimensional structure of the l.s.
AR SD 259/1980.

In the AR SD No 24/1976 the young loop emerges
inside the old, both having anomalous order of polar-
ity alternation. In this case the region of H4 radiation
of the flares lies outside the arches that constitute the
l.s. structure and outside the most active flare-like
arch too. However, the conditions here are, probably,
such that the flare process has no long—duration (sev-
eral days) quasistationary phase with formation of
a long-lived source of enhanced radio emission. The
results obtained here suggest that actually not one
but several mechanisms of flare formation may ex-
ist and the experimentator must be concerned with
ascertaining the conditions under which a:particular
mechanism is operative rather than with choosing be-
tween them.

As a model source of high temperature plasma in
the corona, one normally consideres the coronal heat-
ing due to rapid dissipation of magnetic fields in the
process of reconnection. This mechanism finds con-
firmation in various observations (see, for instance,
the survey by Somov, 1988). The results of the struc-
ture investigation of the l.s. AR SD No. 24/1976 pre-
sented here are not at variance with those concepts.
However, some phenomenological peculiarities of this
case as well the necessity to explain the most inter-
esting facts of the investigation — the structure of
radio emission of arch H1 and the polarization inver-
sion of the source B — allow one to apply one more
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way of modeling flare processes — the Joule heating
f plasma in the flare loop.

3. On the Joule heating of plasma. The phe-
nomenology of the loop H1 suggests that at a cer-
tain stage of its development electric current heat-
ing the plasma in the loop could arise and exist qua-
sistationarily for a certain time. For the first time a
model of the energy release (for the flare) caused by
Joule losses of electric current in the circuit “coronal
wrchi-photosphere” has been proposed by Alfwen and
Karlqvist (1967). One of the difficulties of this model
for interpreting the flare heating is the long current
build—up time. In the case of S—component of solar
radioemission, requirements to certain parameters of
this model may turn out to be less stringent.

To interprete the observations of loop H1, we have
made use of one of the further developments of the
above mentioned model — the work of Zaitsev and
Stepanov (1991). In this work the magnetic loop with
current is represented as an electric circuit consist-
g of the coronal and photospheric parts. The elec-
iromotive force in this circuit is induced by the mo-
tion of photospheric matter. The parameters of this
model, both geometrical and physical, appear to be
nearly coincident with those of loop H1, which we
liave measured from observations (the photospheric
material motion velocity has been estimated in ac-
cordance with the papers by Rodrigues et al. (1996);
Matveev and Yurovsky (1977). All the parameters
differ not more than (1.5-2) times. This allows the
estinnates made by Zaitsev and Stepanov (1991) to
be used directly. The calculations show that energy
stored up-in such a circuit is sufficient even for power-
full Hares, W = 102° — 103! erg, including the proton
flare of 30/IV in the AR under investigation. How-
ever, the Joule heat turns out to be many orders lower
because of the low resistance the circuit offers. The
flare can occur if the resistance, for some reasons, rises
by 8-10 orders of magnitude. Zaitsev and Stepanov
liave shown that such an increase in resistance occurs
with penetration of neutral atoms into hot plasma,
for instance, with interaction between the flare loop
and the cool filament. The decisive part in energy re-
lease in this case is played by collisions of ions with
neutrals. There are two regions of energy release: at
the top of the loop where it comes in contact with the
prominence, and at its legs, where the neutral com-
ponent may be of chromospheric origin. The long-
duration luminosity of loop H1 of higher brightness
allows one to suppose the same mechanism of heat-
ing (Joule dissipation of electric current), but of lower
power, to be effective at the out-of-flare phase of its
existence too. The neutral component is likely to have
penetrated into the loop from the chromosphere.

The observational fact that the heating of loop H1
begins first of all at the short wavelengths and shows
itself much more effective in this range than at the

longer wavelengths, or, in other words, in the higher
solar atmospheric layers above the AR points out that
the plasma of the loop is heated by Joule dissipation.
The case is, that according to the estimate of Zaitsev
and Stepanov (1991) the energy release at the chro-
mosphere level must be much more powerful than in
the corona.

The structure of AR SD No. 24/1976 and SD No.
259/1980 type is not unique. The significance of ex-
amining these cases consists only in that the phe-
nomena observed in them were of large scale, and
therefore, can be studied with a resolution of 10-30
arcsec. This kind of processes, but in smaller arches,
are typical of most ARs, that is why the results of our
research may be of more general importance for the
solution of the problems concerned with the heating
of plasma above ARs.

7. Principal conclusions

When studying two sunspot groups of the same type,
SD No. 24/1976 and SD No. 259/1990, which were
at the stage of violent activization and gave rise to
powerful flares of class (1-2)B, the following results
have been obtained.

1. It has been confirmed by radio observations
that with the swimming up of a new magnetic flux
tube near the old sunspot of opposite magnetic polar-
ity a loop arises which connects the regions of the old
and new field. In one of the cases the effects of recon-
nection are observed two days before the appearance
of young sunspots at the photosphere level, which is
indicative of the existence of subphotospheric inter-
action of magnetic fields. The interaction is accompa-
nied by a considerable heating of coronal plasma held
by this arch, which shows itself in a several-fold in-
crease of radio emission brightness above the old spot

~and in formation of a halo—type radiation source with

a non-thermal spectrum at the top of the arch. The
process lasts 3—4 days.

2. In both cases a sunspot associated source of in-
verse polarization sign has been recorded above the
young sunspot lying at one of the foundations of the
newly formed active loop. The spectrumn character of
the polarized emission and its independence on the
geometry of location of this detail in the structure of
the AR allows us to suppose that in the given case
the ordinary radiation mode excess is due to the pe-
culiarities of the conditions under which this radia-
tion is generated — the temperature gradient inver-
sion — but not the effect of propagation conditions
which are usually involved for interpreting such obser-
vational results. At least in one case this assumption
is confirmed by the revelation above this sunspot of a
low-situated bright compact source of radiation hav-
ing a spectrum of bremsstrahlung character, which
suggests the existence of elevated heating of the solar
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plasma in the active loop, especially at its founda-
tions.

It should be noted that similar sources with the
excess of ordinary-mode radiation in a wide wave-
length range have been observed as part of other ac-
tive regions of complex structure too. These are, for
instance, the AR SD No. 329+332/1981 (see Fig. 6
in the paper by Akhmedov et al., 1982) and the AR
SD No. 2284229/1982 (Figs. 4 and 5, Akhmedov et
al.. 1987). All these facts permit a new subclass of
sunspot associated details of the structure of local
sources with anomalous characteristics — predomi-
nation of the ordinary mode of radiation, which is
difficult to explain, the excess of short-wave radia-
tion — to be introduced.

3. An essential difference has been found in the
structure of the radio emission region in these two
cases with respect to the region of radiation of pow-
erful Hy flares. In one case it was associated with
a long-lived (several days) intensive source of weakly
polarized radiation in a wide wavelength range, in the
other case with a hardly visible detail at the short
waves (2 cm) only, which was observed for a short
time just a few hours prior to the flare. The mutual
orientation of the interacting arches was also noted
to be different: in the first case the new arch emerged
beside the old, in the second inside it.

4. Comparison of radio emission characteristics of
the investigated AR in the quasiquiet state and dur-
ing the flares shows that the heating of the atmo-
sphere above the AR may be due to one and the same
physical process for these two phases that are different
only in the energy and time scale. It is pointed out
that the phenomenology of out-of-flare events pro-
vides grounds to consider Joule dissipation of electric
current as such a mechanism.

Acknowledgements. The work was supported by the
Russian Foundation of Basic Research (grant 96-02-
19279a) and the Russian State Scientific and Technical
Programme “Astronomy” (grant 4-27).

References

Akinjan S.T., Basilevskaja G.A., Ishkov V.N., Mirosh-
nichenko L.I., Nazarova M.N., Perejaslova N.K.,

Pogodin L.E., Sladkova A.l., Yul’ev V.A., Chertok
.M., 1983, Catalog of solar proton events 1970-1979,
Moscow, IZMIRAN, 150

Alfven H., Carlqvist P., 1967, Solar Phys., 1, 220

Akhmedov Sh.B., Bogod V.M., Borovik V.N., Gelfreikh
G.B., Dikij V.N., Korzhavin A.N., Korol’kov D.V.,
Pustilnik L.A., Sorel V.E., 1982, Issled. po geomagn.,
aeronomil 1 fizike Solntsa, 62, 172

Akhmedov Sh.B., Bogod V.M., Borovik V.N., Wilson
R.F., Gelfreikh G.B., Dikij V.N., Korzhavin A.N.,
Lang K.R., Petrov Z.E., 1987, Bull. Spec. Astrophys.
Obs.North Caucasus, 25, 103

Akhmedov Sh.B., Peterova N.G., Rodriguez R.E., 1991,
Circular Shemakhin. Obs., 90, 3

Boldyrev S.1., Ipatova [.A., Ipatov A.V., Peterova N.G.,
1978, Pis’ma Astron. Zh., 4, 467

Efanov V.A., Moiseev I.G., Nesterov N.S., 1977, in: Col-
lected Data Reports for STIP-interval II, (report
UAG-61), Boulder, USA, 85

Gaizauskas V., Roy I.-Rene, 1977, in: Collected Data Re-
ports for STIP-interval II, (report UAG-61), Boulder,
USA, 18

Gelfreikh G.B., Korzhavin A.N., Perez J., Peterova N.G.,
Sid M.A., 1974, Solnechnye Dannye, 9, 80

Gelfreikh G.B., Korzhavin A.N., 1978, in: Abstracts of IX
Consultation on solar physics, Poland, 21

Gosachinsky [.V., Mukhiev G.M., Rakhimov I.A., Smo-
lentsev S.G., Khanberdiev A., Beketov P.V., Esenmu-
radov S.N., 1977, Solnechnye Dannye, 3, 51

Hedeman E.R., Dodson H.W., Roelof E.C., 1981, in: Evo-
lutionary charts of solar activity (calcium plages) as
functions of heliographic longitude and time 1964-
1979, (report UAG-81), Boulder, USA, 25

Korzhavin A.N., 1979, Ph.D. Thesis, Leningrad

Matveev P.V., Yurovsky Yu.F., 1977, Solnechnye Dannye,
5, 86

Nefed’ev V.P., Treskova L.E., 1969, Solnechnye Dannye,
7,107

Peterova N.G., 1994, Bull. Spec. Astrophys. Obs., 38, 133

Peterova N.G., Golovko A.A., Stojanova M.N., 1997, As-
tron. Zh., 74, 466

Ryabov B.I., 1982, Issled. Solntsa i krasnykh zvezd (Riga),
16, 40

Rodriguez Taboada R.E., Perez Doval J.M., Gil Moreno
G.S., 1996, in: IV Conferencia Latinoamericana de Ge-
ofisica Especial, Argentina, A.13

Somov B.V., 1988, in: Problems of solar flares physics,
Moscow, “Nauka”, 5

Zaitsev V.V., Stepanov A.V., 1991, Astron. Zh., 68, 384



