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ABSTRACT. In the present paper numerical calculations of the S-component
microwave emission from a region above a sunspct at 4.9 GHz for different va-
lues of the magnetic field model parameters are presented. The used electron
temperature and density models were derived from recent optical and EUV ob-
servations (transition region at h 2000 km with steep temperature and density
gradients) and have been extended to coronal heights assuming nonconstant con-
ductive heat flow. As relevant emission processes thermal gyroresonance absor-
ption and bremsstrahlung are taken into account. It is shown that all cases
considered here (systematic variation of Bm between 0.12 T and 0.24 T) lead
to more or less marked ring structures in both the intensity and polarizatiou
maps, vertical incidence provided. Existing differences to real observations
are briefly discussed.

KQIBIEBEE CTPYKIYPH COJHEYHOI'O PAIMOM3JYUEHMSA S-KOMIOHEHTH - MOAEJEBHKE
PACYETH ¥ HABJDJEHMA: OmpeZXexeHO NPOCTPaHCTBEHHOE pacHpelleleHue MMKDOBOAHOBOIO
HBAY4YeHUSA S ~KOMNOHEHTH AAS DASHHX SHAYEHW} MACHATHOrO MOXA HAJ MONEXbHHM NAT-
HOM. JiCmOXb3OB&HHENE MOJEeAM SXCKTPOHHOR TeMmnepaTypH M NAOTHOCTH OCHOB&8HN Ha He-
AaBHMX ONTUYecKux u OYB-HabavheHusx (yskxas nepexonHasd o6XacThb NpPU BHCCTE
2000 xM) M 3KCTDaMOXMPOBAHE B OOXSCTH KOPOHH NpeANoAarsd HEeNOCTOSHHNNA TenaoBolh
noTok. Kak onpeseadxmue DpOUECCH MSAYHYEHMS YUMTHBADTCH TENAOBHE TOPMOSBHOE U
MB8rHMTOTOPMOSHOE MBsayueHMS. Bo Bcex cayvasx, paccMOTreHHWX B 9Tol#t paGore, mo-~
KasaHo, YTO BOSHHMKADT (oJxee MJAM MeHee CMABHO BHpaXeHHNE KOJAblleBHE CTPYKTYDH
MHTE@HCUBHOCTH ¥ noaspusanun. CymecTByXmue DASAMYMA MEXAY TeOPEeTHYECKMMM pac-
yeTauMu M HaCADAEHUAMU KPATKO OOGCYXAEHH.

PRSTENCOVE STRUKTORY S-ZLOZKY RADIOVEJ EMISIE: MODELOVE v#POSTY A POZORO-
VANIA.: V préci si uvedené numerické vipodty S-zloZfky mikrovinnej emisie (4,9
GHz ) nad 3kvrnou, pre rdzne hodnoty magnetického pola (parameter modelu). Po-
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uZité modely elektronove] teploty a hustoty boli odvodené z poslednych optic-
kjch a EUV pozorovani (plytkd prechodné oblast vo vyske h = 2000 km) a boli
extrapolované do korony za predpokladu premenného tepelného toku. Ako moZné
procesy Ziarenia si uvafované teplotné brzdné a gyrorezonaniné emisie. Bolo
zistené, %e vo vietkych v prédci uvaZovanych pripadech (indukcia od 0.12 do
0.24 T) vznikajd viac, alebo menej vyrazné prstencové Etruktiry a to tak na
mapéch intenzity ako aj polarizdcie. Krdtko su posidené existujice rozdiely
medzi teoreticky vypolftanymi a pozorovanymi ddajmi.

1. INTRODUCTION

The problem of enhanced and highly polarized microwave emission from sun-
spot regions was principslly clarified by interpreting it being due to ther-
mal gyroresonance absorption at low harmonics of the gyrofrequency (Zheleznya-
kov, 1962; Kakinuma and Swarup, 1962). First simple model calculations made by
Zlotnik (1968) and Lantos (1968) showed sufficient agreement with the (not yet
highly resolved) observations.

In recent time, forced by new observational techniques with much better
angular resolution (VLA, WRST, RATAN-600) the question of the local structure
of S-component sources at cm-wavelengths became a matter of interest again.

For the first time, Alissandrakis and Kundu (1982) and Leng and Willson
(1982 ) observed ring or horse-shoe structures associated with active region
sunspots, however, in many other cases such features could net be found.

Detailed model calculations were made by Gelfreikh and Lubyshev (1979),
Alissandrakis et al. (1980), Hildebrandt et al. (1984), and Kriger et al.
(1985), but it seems that this phenomenon is not yet completely solved, espe-
cially concerning the behaviour of I and V in the spot centre, as a recent pa-
per by McConnell and Kundu (1984) showed. The aim of the present paper is to
consider the problem of ring structures above sunspots from a more systematic
point of view. '

2. MODEL

The model used for the calculations was described in several other pa-
pers (e.g. Kriiger et al., 1982; Kriiger and Hildebrandt, 1985), so that it is
not necessary to do it once more.

However, in contrast to former calculations we assume now a nonconstant
conductive heat flow for the extrapolation of the temperature distribution to
coronal heights. l"c decreases with increasing height snd the temperature ap-
proaches an asymptotic value Tc’ the only free parameter (cf. Staude, 1985).
In Fig. 1 the height distributions of the used densitiy and temperature models
are shown for two values of the parameter T, (5 x 10 X and 3 x 10° k).

The magnetic field model was that of a vertical dipole at =a distance A
below the photosphere (the same as used e.g. by Gelfreikh and Lubyshev, 1979)
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Fig. 1: Height distributions of the used electron temperature and density
models above the spot for two values of the parameter Tc (asympto-
tic coronal temperature).

producing an axial symmetrical field which is in good agreement with typical
single spot fields. Because of its symmetry we had to calculate the radiation
only along a radius and not for the whole source region.

3. OPTICAL DEPTHS

It is well established that the main two emission processes for solar
S-component microwave emission are thermal gyroresonance absorption and Coul-
omb bremsstrahlung. The second process cannot account for a significant part
of the intense sunspot sources, since the corona is optical thin for this
kund of radiation. At the levels, where sCUh = &, the absorption coefficient
of the gyrorescnance process is large enough to produce optical thick radia-
tion with brightness temperatures Tb> 10° K, providing that strong megnetic
fields exist.

Fig. 2 shows the optical depths for each of the first five harmonics in
both the ordinary and extraordinary mode under coronel conditions at 4.9 GHz.
If the s = 2 level is above the TR, the ordinary mode becomes optically thick
for 61}22° (6 - sngle between B and the line of sight), whereas the extraordi-
nary mode is optically thick everywhere (excepted at 6 = 0° which cen be prac-
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Fig. 2: Optical depths of the first five harmonics of gyroresonance
absorption for both the ordinary (dashed lines) and the ex-
traordinary mode (full lines) under coronal conditions at
4.9 GHz.

’

tically neglected). If only the s = 3 level is situated in the corona, ij
exceeds unity for 6 7~ 25°, whereas 9° is greater than unity only for
65° < o <80°,

4. RESULTS

In Fig. 3 the position of the resonance layers in form of a cross sec-
tion along a radius (at the bottom), the corresponding spatial distributions
of ordinary and extraordinary mode emission (above them), and the intensity
I=0.5 (T; + Tg) and the polarization V = 0.5 (Tz - Tg ) in temperature
units (at the top) are presented. The maximum field strength B, decreases from
the left to the right. Because of the fact that larger spots show in general
larger magnetic scale heights L,, the parameter A was also decreased.

In the first case (Bm = 0.24 T) a contribution from the first harmonic in
the ordinary mode emission occours near the centre, so we have a small addi-
tional peak in the intensity. The cases 2, 3 and 4 (B, = 0.21, 0.18, and 0.15T,
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Fig. 3: Results of model calculations for five different values of the
magnetic field parameters (decreasing Bh and A). The influence
of the single harmonics upon the brightness temperatures is

clearly marked by the positions, where the gyroresonance layers

dropped below the TR. Additional explanation appears in the
text.

respectively ), show qualitatively the same behaviour: the second harmonic la-
yer is above the TR and at the position, where O becomes large enough, the
main contribution from the oedinary mode leads to maximum intensity ("inten-
sity ring") and minimum polarization. In the outer region, where only the
third harmonic level is above the TR, we get higher polarization again ("po-
larization ring"). Finally, in the last case (B, = 0.12 T) only a contribu-
tion from the third harmonic can be obtained, therefore, we have an unpola~
rized centre and a small ring of intensity and polarization. '

5. DISCUSSION

Summarizing the results of the model calculations we can say that, if the
8 = 2 level is above the TR, there will be always a polarized centre, & ring
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of maximum intensity, and a more outer ring of polarization.

The comparison with observation shows that in some cases principal agre-
ement exists, in other cases the surely different real conditions (inhomogene-
ous structure of density and temperature distributions also in horizontal di-
rection and more complicated magnetic fields) may influence the results.

Strong et al. (1984) compared their observations (WRST, May 1980) with
model calculations and came to the conclusion that the assumption of cooler
material above the umbra (Foukal et al., 1974) is the only reasonable explana-
tion for the very deep intensity minimum observed in the spot centre. In ano-
" ther paper, McConnell and Kundu (1984) tried to interpret VLA observations by
general considerations (without model calculations) in a similar way as we
did, however, I cannot agree with all conclusions msade by them. An unpolarized
centre for the 8 = 2 level and an everywhere transparent third harmonic level
seens to me hardly thinkable.

The general conclusion of all attempts to compare observations and calcu-
lations is that the angular resolution of the instruments must be further im-
proved, because some (theoretical) features are smapper than 5".

At last, I want to make some remarks about the calculations made by Gel-
freikh and Lubyshev (1979). These authors used simple step functions for the
density and temperature model and, therefore, their emission maps show sharp
changes between maxima and minima in polarization as well in intesity, but are
in principal agreement with our calculations, what we have tested. If we as-
sume continuous model distributions, the calculated brightness reflects the
electron temperature in that height, where the optical depth becomes greater
than unity, as it is seen in Fig. 3.
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DISCUSSION

B. Kédlmén
Can you mske a computation of the expected radio emigsion also with real sun-
spot magnetic field distribution? or is it difficult?

J. Hildebrandt

Yes, it is possible. Our program system was developed for analytical magnetic
field models as well as for extrapolated fields from magnetograpfic measure-
ments. The only difference is the much higher computation time in the latter
case.

G.B. Gelfreikh
Have you calculated two-dimensional pictures as well and have you seen horse-
-shoe structure?

J. Hildebrandt

Yes, we have. They have been published e.g. in Astron. Astroph. 134 (1984),
185 and in the Proceedings of Debrecen meeting (1983). Horse-shoe structures
can be seen either if you look at a source which is not located near the disk
center or if the magnetic field is very complicated.

G.B. Gelfreikh

For the first time prodbably a ring structure have been obtained from the 1970
solar eclipse observations and presented by Dr. A. Korzhavin and myself at
KAPG Consultation in Irkutsk in 1975. The paper have been published in the
Proceedings of the meeting.
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