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ABSTRACT. Complex data from the SMM spacecraft (UVSP and XRP/FCS) have
been used to investigate the structure and dynamics of the large p spot of
the active region NOAA 2779 from November 1980. The data comprise spectrohe-
liograms in the continuum at 3096 % and in H Ly-« , in C IV 1548 &, and in 6
soft X-ray lines, velocity maps in the C IV line, and ground-based vector mag-
netograms for comparison. The spot shows an inhomogeneous structure characte-
rized by a light bridge. In comparison with the darkest photospheric umbral co-
res the light bridge is bright in the photosphere and the transition region,
but darker in the chromosphere. In the transition region we found upward mo-
tions above the umbra, but downward motions in the light bridge. Compared to
the spot’s surroundings the Ly-o emission is stronger above the umbra up to
a factor of 3, but its spatial distribution is more inhomogeneous than the
photospheric emission. A loop connecting two umbrae of opposite polarity is
also bright in Ly-& , but also in X-rays. From the FCS data coronal temperatu-
res of 1.8 x 10, 2.25 x 106, and 3.3 x 106 K have been derived for the umbra,
penumbra, and the loop, respectively. The umbral data are compatible with the
emissions predicted by the "Wroclaw-Ondrejov sunspot model".

MCCIEINOBAHME BOJBIEOrO BEAVIE'O NATHA CH 548/1980, HABJIDJAEMOE HA BOPTY
CIIVTHMKA "“SMM": HoumnrexkcHwe HalADJeTeXbHHEe MASHHAHE, NOAYUYEHHHE Ha OCOPTY CHYTHU-
xa "SMM" (ma npmGopax UVSP m XRP), Owau MCHOABBOBEHN HNAS MCCASNOBEHUA CTPYKTy-
PH ¥ AMHGMMXH COABMOrOo BeAymero NATHE B &KTHBHOR oGxacrTu CJ 548/1980 (NOAA
2779) ¢ 7 oro mo 11 oro Hoa6psa 1980 r. JeHHHe COCTOAT U3 CINEKTPOTeAMOTpaMM B
HenpepHBHOM cnexkrpe npum 3096 3, B auauax H Ly-, , C IV 1548 R u B 6 xuHUAX
MAPKOT'0O PEHTreHOBCKOI'O IMenasoHa, KpoMe 3TOoro ua kapT ckopocTeit B awmauu C IV u
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H8SEeMHHX KaMepeHHi BeKTopa MArHATHOrO HoXs NXA CpaBHEeHMR. [I4THO HMMeeT HEOXRHO-
PORHYD CTPYKTYPY CO CBETOBHM MOCTOM. B CpPESBHEHMM C CEMHMM TeMHHMM fxpamu doro-
cpepuot TeHu cBeToBO# MOCT -~ sSpKoe sSBIeHMe B JoTocdepe m B mepexoRHOM CIXOe, HO
TeMHOe B xpomocHepe. BHAO ycTEHOBAEHO, UTO B NEPEXORHOM CAOE H&X TEHbD NABBMAE
OBKXETCA B Bepx, HO B CBETOBOM MOCTe BHMS. B CPaBHEHHMM C OXPECTHOCTLD HOATHA
usayueHne Ly-y B TeHM CMAbHee N0 MHOXMTEeAs 3, HO €ro NpoCTPAHCTBEHHOE panpene-
XeHMe MeHee ONHOPOXHO ueM Porocdeproe Hsayuenme. Ileras, coeauEArmas JZBe TEHHM

C NPOTHMBOTIOAOXHNMM HOARAPHOCTAMM, ApKkas B Ly~ u B DEeHTreHoBCKOM MsAydeHuu. o
nerHuM XRP Gmau noayueHH SHRUEHMS KOPOHa&ABbHOX TemmepaTypw 1.8 x 1063 B TeHK,
2,25 x 106K B noayTrenx M 3.3 X 106K B netxe. HaSavpaareapHHe HAGHHHE B TEHM CO-
rZ8COBAHN C MBAy4YeHMEM, NpelAcKasaHHuM "Bponaap-OmipxeftoBckoit Mojzexn COXHEUHOTrO
asTHa" .

visKuM VELKEJS VEDUCEJ SKVRNY SD 548/1980, POZOROVANEJ Z DRUZICE "SMM".
Struktdirs a dynsmika veTkej vedicej 3kvrny v sktivnej oblasti SD 548/1980
(NOAA 2779) bola Ztudovand od 7. do 11. oktobra 1980 na zéklade sihrnnych po-
zorovacich uddajov, ziskanych pristrojmi UVSP & XRP/FCS na druZici "SMM". Spra-
cované boli nesledovné ddaje: spektroheliogramy v spojitom spektre v okol{ vl-
novej dfzky 3096 R, v &iare vodfka Ly-alfa, v Zisre CIV 1548 &, v 6-tich &ia-
rach midkkého rdntgenového Ziarenie, okrem toho rychlostné mapy pre Ziaru C IV
a mapy vektora magnetického poTa, kioré boli merané pozemskymi pristrojmi.
Studovand 3kvrns mals nerovnorodd 3truktiru, vyznaZovala sa Jjasnym mostom.
Most vo fotosfére a v prechodnej vrstve bol jasnej3f ako najtmaviie jadrd um-
bry, ale v chromosfére bol tmav3{.V prechodnej vrstve nad umbrou bol namerany
pohyb smerom hore, nad jasnym mostom bol_ziateny pohyb smerom dolu. Emisia v
Ly-alfa bola nad umbrou trikrét vys83ia ako hladina emisie v okol{ 3kvrny.
Priestorové rozdelenie emisie v Ly-slfa bolo vyrazne nehomogénnejlie nad um-
brou sko nad okolitou fotosférou. Dve umbry opalnych polsrit boli prepojené
magnetickou sluénou, ktord bolo moZné pozorovat tak v Ly-alfa ako aj v rﬂntge-
novom Ziareni. Koronélne teploty pre umbru 1.8 x 10 °K, penumbru 2.25 x 10
% g sluzku 3.3 x 10° K boli vypo&ftané z FCS ddajov. Nemerané hodnoty pre
umbru si v zhode s emisiou predpovedanou "Wroclavsko-OndEejovskym modelom".

1. INTRODUCTION

In order to improve our knowledge of the structure snd dynamics of sun-
spots, more complete sets of observed data should be analysed. Such data sho-
uld be obtained simultaneously from an individual sunspot at as much different
wavelengths as possible. Only in this way we could cover a large range of he-
ights in the solar atmosphere, moreover, we could avoid the uncertainties ari-
sing from a mixture of data from different sunspots or from different phases
of the development of a single spot.

For the present work complex data from the Solar Maximum Mission (SMM)
spacecraft and ground-based stations have been used to investigate the large
p-spot in the active region NOAA 2779 (Hale 17255, USSR Solar data 548/1980)
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from November 7 to 11 (CPM), 1980. Flares in this active region have been stu-
died in several earlier papers, e.g. at the limb on Nov. 6 and 7 (3vestka,
1983, 1984), on Nov. 8 (Doyle et al., 1985), Nov. 10 (Siarkowski et al., 1985),
and close to the disk center on Nov. 12 (Mac Neice et al., 1985). Complex data
from the region on Nov. 7 are also shown in a paper by Athay et al. (1982). In
the following sections we shall give a survey on the available data and dis-
cuss some preliminary results from our analysis. A more detailed report is
planned to be published in a subsequent paper.

2. OBSERVATIONS

From the SMM satellite we have used the following data: The Ultraviolet
Spectrometer snd Polarimeter (UVSP; Woodgate et 2l., 1980) was applied to sam-
ple the intensity in the continuum at 3096 3, in the CIV line at 1548 3, and
in H Ly-{ at 1216 2. The sampled srea (pixel) was 3" x 3", requiring an inte-
gration time of 0.063 s per pixel. The split widths were 30 mi at 3096 & and
in either wing of the CIV line where the two slits were separated, at their
centers, by 294 mf. In Ly-o a slit with a width of 300 m® covered a greated
part of the line core. Large rasters with 80 x 80 pixels have been used for
the present analysis. The rasters at 3096 £ and 1548 % have been recorded si-
multaneously, while the scanning in Ly-d. was obtained separately. Ly-J scans
exist for Nov. 10 and 11, scens in CIV and at 3096 % for every day from Nov. 7
to 11. In addition to the intensity maps also Dopplergrams have been obtained
from the difference of intensities in the CIV line wings (see Athay et al.,
1982).

The Flat Crystal Spectrometer (FCS) of the Soft X-Ray Polychromator (XRP;
Acton et al., 1980) on SMM produced monochromatic rasters in 7 chsnnels every
0.256 8 at different wavelengths between 1.4 £ and 22.4 R and in the white
light. The six X-rasy channels correspond to resonance lines of different ions
(0 VIII, Ne IX, Mg XI, Si XIII, S XV, Pe XXV ) which are emitted at temperatu-~
res between 1.5 x 10° K snd 5 x 107 K. In sctive regions without flares mainly
the O VIII, Ne IX, and Mg XI lines can be used to derive emission measures and
temperatures; these lines have peak formation temperatures of 3 x 106, 4 x 10?

and 7 x 100 K, respectively. Pixel spacings of 10" and grids of 42 x 42 pixels
have been obtained. Because the XRP made scans with a collimated field of
about 14" FWHM, a deconvolution has been applied to the observed data.

The described SMM data provide useful information from a large range of
heights in the solsr atmosphere: UVSP intensity maps were obtained from the
photosphere (3096 %), the upper chromosphere (Ly-d ; 2 x 104K), and the tran-
sition region (C IV; 105K; including also Doppler velocities with |v 1230 km
s", while the XRP/FCS rasters show emissions formed in the corona. These datas
were completed by photospheric vector magnetograms from the Marshall Space
Flight Center and Hy filtergrams from the Debrecen Heliophysical Observatory.
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3. RESULTS

¥ithout going into the details of the data anslysis some interestiag re~
gults will be shortly summsrized here. The large p-spot was characterized by
two umbrae within one penumbra, the umdbrae being separated from each other by
2 photegpheric light bridge. After coalignment of the different data sets, ta-
k¥ing intc account the differences in observing time, the sunspot structure
could be studied at the different height levels. For example, Figure 1| shows
" the UVSP maps for the photospheric continuum and the Ly-J 1line intensity,
both obtained on Nov. 10 with a time distance of 7.5 hours. Figure 2 shows the
resters of continuum, C IV line wing intemsity, and Doppler velocity.

0 S O

Fig. 1: UVSP contour plots of photospheric intensity at 3096 £ (dashed curves:
contragt levels of 0.10, 0.25, 0.40, and 0.55 relative to the average
intensity in the quiet surroundings) snd of the Ly-cl core intensity
(full curves: contrast levels of 2.0, 2.5, and 3.0).

These maps from the large p—épot of AR 2779 were obtained on Nov. 10,
at 07:51 UT (continuum) and at 15:27 UT (Ly- & ),

Compared with the spot’s surroundings, the Ly-d emission is stronger a-
bove the umbrae up to a factor of 3 in agreement with earlier results (Basri
et al., 1979; Kneer et al., 1981; Lites and Skumanich, 1982); however, its
spatisl distribution is more inhomogeneous than that at photospheric level.
The intensity in the C IV line wings is reduced sbove the umbra, but not in
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the light bridge. The intensity decrease is partially caused by a decrease of
the Doppler width over umbrae, but even if this effect is eliminated there re-
mains a reduction in intensity. In comparison with the darkest umbral cores at
photospheric level the light bridge is bright in the photosphere, in Hy , and
in the transition region, but obviously darker in Ly-d .

Observations of mass motions in the umbrul transition region so far show
some contradictions: Lites (1980) and Mein et al. (1982) found upward veloci-
ties of 20 km s", Nicolas et al. (1982) measured downdrafts of the same size
beside a much stronger downward motion of nearly 90 km s (the UVSP cannot
measure such high velocities), and Athay et al. (1982) obtained smaller velo-
cities in both directions with a preponderance of downdrafts resembling the
inverse Evershed effect in the chromosphere. Our p-spot clearly shows a tenden-
cy to small upward motion of a few km s" in the umbral transition region, but
small downward motion in the light bridge every day from Nov. 7 to 11 (see Ta-
ble 1).

Table 1

Mean velocity above the spot umbra and centrsl meridian distance of the spot
(sign "-" denotes blueshift)

data time (UT) v (km s~)) - CMD
7 Nov 1980 0119 - 0.1 + 4.0 w53
7 Nov 1852 C- 1.7 6.7 w42
8 Nov 0613 - 1.3 3.2 w 36
8 Nov 1712 - 2.0 4.5 w 30
9 Nov 0927 - 3.3 4.4 w22
9 Nov 2331 - 1.4 4,5 wi4
10 Nov 0743 - 1.6 2.3 w10
11 Nov 1525 - 0.6 3.6 E07

From the FCS data of Nov. 9 sn average coronal temperature of T = (1.79 +
0.28/-0.14) x 106 K has been obtained for the umbra from 4 pixels. For compa-
rison we derived T = (2.25 + 0.30/-0.22) x 108 x from 9 pixels in the penumbra
and T = (3.3 + 0.3) x 106 K in a loop connecting opposite magnetic polarities
at the eastern limb of the p-spot; the loop is also bright in Ly-o (see Figu-
re 1). The intensitites measured at different height levels of the umbral at-
mosphere are compatible with the emissions predicted by the ’'Wroclaw-Ondrejov
sunspot model’ (Staude et al., 1983, 1984).
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DISCUSSION

G.B. Gelfreikh

Higher values of coronal temperature above the penumbra obtained in your ana-
lysis are consistent with a higher temperature at the periphery of sunspots
in radio data. I’ve reported yesterday.

J. Staude
Yes, I agree.
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