SEMI-EMPIRICAL MODELS OF SUNSPOTS IN VARIOUS PHASES OF EVOLUTION
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ABSTRACT The characteristics of 10 semi-empirical models of umbrae of
different sizes and in various phases of evolution are studied, namely:
1) The spectral distribution of the umbra/photosphere continuum intensity ratio
2) the dependence of the integral umbra/photosphere intensity ratio on the um-
bral radius, 3) the variations of the integral contrast of umbrae from the disk
center to the 1limb, This study and earlier ones indicate that the characteris-
tics of the model depend mainly on the umbral radius (for r,< 3.5"- 4") and
do not depend on the phase of evolution, but there are substantial differences

caused by specific qualities of each individual sunspot.

NOJNYSMIVPUYECKME MOILEJM COJHEUHHX NATEH HA PA3HHX CTAZMAX PA3BUTUA
B pafoTe #a3yuawTCs XapaKTepucTukyu 10-TU NOJysMOMPUUECKUX MOKeneill TeHei pasHOrO
pasMepa u Ha DA3HHX CTaAUAX pPasBUTMA, MMEHHO: 1) CnexTpanbMoe pacnpeneseHne OT-
HOCHUTENbHO! MHTEHCHBHOCTYM TEHM B HENDEPHBHOM CHeKTpe, 2) 3aBUCUMOCTb UHTErpanb-
HOt OTHOCKMTENBHO! MHTEHCHBHOCTM TEHM OT paguyca TeHM, 3) U3MEeHEHME MHTEerpanbHOl
OTHOCKUTENbHO! MHTEHCUBHOCTM TEHM B B38BUCUMOCTHM OT NONOKEHMS NATHA Ha Jucke. Y3
9TOr'0 MCCIENOBAHKS M TAKKE U8 NPEeAHAYMMX PAGOT BHTEKAET, YTO CBONCTBA MOLENU
88BUCAT npexje BCEro OT paiuyca TeHu (Ins r, < 3,5"- 4") u He 3aBuCAT OT da3H
pasBuTus. OXHAKO, BaAXHYD DOJXb UI'DADT OTKIOHEHUS, BH3NBAEMHE WHIAXBUAY A bHHMU
cBoiCTBAMM OTHENbHHX NATEH.

SEMIEMPIRICKE MODELY SLUNESNICH SKVRN V RUZNYCH STADIICH VYVOJE .
V préci jsou studovdny charakteristiky 10 semiempirickych modell umber riznych
rozméri a v rdznych fdzich vyvoje, jmenovit&: 1) Spektrdlni rozdéleni relativ-
ni intenzity kontinua umbry vzhledem k fotosfé¥e, 2) zdvislost integrdlni rela-
tivni intenzity umbry na poloméru umbry, 3) zmény integrdlni relativni intenzi-
ty umbry smérem od st¥edu disku k jeho okraji. Z této a pPedohdzejicich praci
vyplyvd, Ze vlastnosti modelu zdviseji p¥edev3im na polom&ru umbry (pro r, <
< 3,5"=~ 4") a nejsou zdvislé na vyvojovém stadiu., Nicméné&, projevuji se zde
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podstatné odchylky zpisobené individudlnimi vlastnostmi jednotlivych skvrn,

Recent umbral models (e.g. Avrett, 1981; Staude et al, 1983; Maltby et
al, 1985) chiefly describe large, well-developed umbrae, which allow reliable
observations of good quality to be obtained. Nevertheless, for the study of
the birth and evolution of sunspots one must have an idea of the models of um-
brae differing in size and phase of evolution.

In the preceding papers (Sobotka, 1985a, 1985b - hereinafter referred to
as Paper I and II, respectively) we constructed 12 semi-empirical models of
photospheric layers in young, stable and decaying umbrae with radii 5 from 2"
to 8". The models are based on spectroscopic observations performed with the
horizontal telescope-spectrograph HSFA 2 of the Ond¥ejov Observatory in the
years 1982 - 1983, Unlike the models mentioned at the beginning of this paper,
which are usually based on continuum observations, we used the profiles of the
lines Mg I hl 518.4 nm, Fe I 543,5 nm and Na I D, 589,.,0 nm, Thus our models
are less sensitive to stray light. As we are confined to photospheric levels,
we may assume that LTE, hydrostatic equilibrium and temperature-versus-height
distribution in the form T(z) = T, (z+¢)"/ (50+¢)”, where z is the geometric
height and Tl’ b, ¢ are parameters (see Paper I), apply.

The models obtained can be divided into three groups: "hot", "medium" and
"cool", The first group includes models of small (ru«»2") spots without penum-
brae, The models of the well-developed, stable sunspots belong to the last
group. By studying the principal parameters of the models (Wilson depression,
temperature and density at unity optical depth), we are able to draw the fol-
lowing conclusions (see Paper II): 1) For the umbral radius r, < 3.5"=- 4" the
model is strongly dependent on rys for larger values of Ty the dependence does
not occur, 2) For a fixed umbral radius there are no differences between the
models of umbrae in various evolutionary phases.

We can further investigate the characteristics of the models. Assuming
LTE, Holweger’s (1967) model of the quiet photosphére and opacity sources H,
H™, Mg, Si, Hg, we computed the spectral distribution of the umbra/photosphere
continuum intensity ratio (Iu/Iph)% for models Nos 12 (hot), 13 (cool) and
22 (medium), published in Paper II, The results are presented in Fig, 1, For
comparison, the observed values for a typical large umbra, taken from Albregt-
sen and Maltby (1981) and Maltby et al (1985), are shown. We can see that the
hotter the model, the greater the gradient of (Iu/Iph)A .

In case of small sunspots, a horizontal transfer of radiation from the
surrounding photosphere may take place (Obridko, 1985)., For the study of its
influence on the physical structure of the umbra it is useful to know the de-
pendence of the integral umbra/photosphere intensity ratio Iu/Iph on the um-
bral radius, We computed the values of Iu/Iph for 10 umbral models, integra-
ting the intensities I, Iph over the region A 390 - 800 nm. The models of
all three groups were used (hot models No 12 and 61, medium models Nos 21, 22,
53, 63 and cool models Nos 13, 33, 43 and 72). The results are shown in Fig, 2,
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Fig, 1: Spectral distribution of the umbra/photosphere continuum intensity
ratio for models Nos 12, 13 and 22,
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Fig, 2: Integral umbra/photosphere intensity ratio (region 390 - 800 nm, a=1)
versus umbral radius.
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The mean dependence of integral Iu/Iph on the umbral radius is roughly appro-
ximated by the broken line, With decreasing Ty it rises slowly from 0.1 (cool
models) to 0,2 (medium models, r, ~ 2,5"- 3") and then very quickly to about
0.4 (hot models, T~ 2")., We marked the sunspots in early phases of evolution
by circles, those in maximum by dots and the old, decaying spots by crosses,
to intercept the evolutionary effects. It is clearly seen (in accordance with
the results of Paper II) that the phase of evolution has no significance.

All the computations mentioned above were performed for the position of
the sunspot in the disk center, i.e. for &= cos¥=1. Besides, the integral
intensity ratio Iu/Iph was also computed for M = 0.8, 0.6 and 0.4. In general,
it was found that it rises with decreasing‘u, but the behaviour of this depen-
dence was very individual. For example, in case of models Nos 13, 21 and 63
the integral intensity ratio increased from “= 1 to 0.4 by a factor of 1,3 =
- 1,5 and, on the contrary, for No 22 did not change at all. This is in con-
tradiction to another semi-empirical models (e.g. Albregtsen and Maltby, 1981;
Avrett, 1981), which predict a decrease of Iu/Iph towards the limb,

Summarizing the results, we can say that the conclusions deduced in Paper
II have been confirmed. The characteristics of the models depend mainly on the
umbral radius, However, this dependence is influenced substantially by the
specific qualities of each individual sunspot.
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DISCUSSION
to Sobotka’s paper is done on page 326
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DISCUSSION

to Sobotka’s contribution from page 315

V. Bumba

Ilo Bamuu rpadmxam ¥ 8 Bamero smaTepsfisd BHTEKAET UYTO CAMEe MaiHeé NATHA ABAADTCA
CaMEMM XOJOIHwMM. HeT Ay mckapueHus no Bammy HabADAEHUAM M3 3TOro npaBuna?

M. Sobotka:

s aToro mpaBmia, KpoMe OLHOIO nATHa Habipraemoro BOJIuU3M Kpas IOMCKa, HET MuC-
KApdeHudA. Jlaxe MHIMBUIYAJbHHE OTKIOHEHUS B pacnpeleJeHussX TeMNepaTypH OTAelb-
HHX OATEH He MMEKT CYMECTBEHHOI'O BAMAHUS »

M.A. Mogilevsky:

Bu paccMaTpuBoeTe MOAEJAM M30JAMPOBAHHHX (OIOMHOUHHX) HATEH. HaK NPAaBUIO NSATHO

HaxoIuTcA B rpymnne (Jgaxe camolt mpocToii-6unoxspHOii). 38BMCHUT JAM MOJAEAb OT TOTO
U30JMPOBAHO JU OHO MJAM B rpymnmne?
M. Sobotka:

{Ipu Habaprerusx moabuparuch 6osec MEHee MBOJAMPOBAHHHE MATHA M B38BUCUMOCTDL MO-
nesy OT TOTN. SARFGAMAT mu TSMHQ WIEHOM MNPyINs WAXM HET HEe MAay“sl%lh.
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