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ABSTRACT. We have developed a sophisticated numerical technique to reduce
infrared photographic spectra of quiescent prominences, taking into account the
influence of instrumental profiles, scattered light and the noise. The reduced
profiles were subsequently compared with theoretical ones. It is demonstrated
that in order to reproduce the wings of the optically thin Hel 1083 nm triplet
line, it is‘neceasary to consider a temperature rige towards the prominence=-
corona interface, in contrast to commonly used isothermal models.

VHOPAXPACHHE HABJOIEHNA CIIOKOMHHX NPCTYBEPAHLUERB, B npexxaraemoil crarTne
IeMOHCTpuUpyeTcs MeTch ofpadoTkyu ueEPparpacHux ¢oTorpaiuuecxux CHEKTDOB CROKCHAHEX
npory6epalneB,. YuMTHBaeTCH BJIUSHME MHCTDYMEHTalbHHWX npoduseit cmnexrtporpaia,
Muxpodoromerpa, PoTomaTepuana ¥ BAMAHNE DPACCEAHOD'C CBeTa. JajJee, MCHDABISHHHE
npoduay HabADAEHHHX NpoTyfepaHueB OHJNM CPDABHEHH C TEOPeTHUYECKVMM, [JCKasnHo, YTO
ONTUYECKM TOHKME KPHJAbA Tpumniera Hel 1083 nm HeJIb8d COBACHUTE B pamMxaX Ipoc-
Tolt ¥soTepMuueckoit Mozesy npoTyGepaHIa M HYXHO YUMTHBATHL BCBPAcCTaKEKe TeMnepaTy-
DH B IEPEXOLHOM CJOEe Mexay npoTybepaHleM ¥ KODPOHO.

INFRACERVENA POZOROVANT KLIDNYCH PROTUBERANCI. V prdci je popsdna numeric-
k4 metoda redukce infradervenych spekter klidnjch protuberanci. V tvshu je brin
vliv instrumentdlnich profild spektrografu, mikrofotometru, fotografické emulze
a vliv rozptyleného svétla. Redukované profily pozorovanych protuberanci byly
nésledné porovndny s teoretickymi. Je ukdzdno, Ze opticky tenkd k¥idla tripletu
Hel 1083 nm nelze vysvétlit v rdmci jednoduchého izotermdlniho modelu protube-
rance a Ze je nutné vzit v dvahu rist teploty v pfechodové oblasti mezi samou
protuberanci a okolni koronou.
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We report on the further progress in our project of the infrared photo-
graphic observations of quiescent prominences in the Hel 1083 nm triplet. Our
reduction of high-resolution spectra takes into account the influence of the
instrumental profiles of the Ond¥ejov horizontal spectrograph HSFA 2 and that
of the Soviet infrared emulsion I-1060-V, scattered light and noise,

This technique is used to verify the interesting results of Landman et al.
(1977). In measuring the emission lines HI H-K, H-p , Hel D3 and 1083 nm, Call
and others, these authors found that it is not possible to use the constant
source function derived for the line core for the wings of these lines. In
other words, the wings of these lines cannot be explained within the frequently
used approximation of an isothermal model which is sufficient in the line core
emitted by the cool regions of the prominence / Tyin = 6 000 - 10 000 K/. Mea-
suring these lines by sensitive photoelectric detectors, but with low spatial
resolution, Landman and others found that the wings of these lines are more
intensive than those predicted from an isothermal atmosphere at an average tem-
perature of 8 000 K., Therefore, Landman and co-workers have introduced a two-
component prominence model with a temperature structure to explain the differ-
ences in the wings. Such a temperature rise in the prominence-corona transition
zone is also indicated by space ultraviolet measurements. The emission profiles
calculated for the prominence model with cool central parts and hot periphery
fit the observations well. The difference between the cool isothermal and two-
component profiles is most pronounced for the H-ok line, but on the other hand,
it only reaches 5 % of the maximum intensity value. So small a difference in
the singlet emission lines is detectable only by photoelectric detectors. How-
ever,as follows from Lendman s data, neutral helium 1083 nm triplet seems to be
suitable for photographic detection of these faint wings. Some calculations of
the line profiles and fitting to the spectra observed at the Crimean Astrophys-
ical Observatory were performed two years ago by Heinzel et al, (1984). In the
previous spectra reduction, we did not take into account the influence of the
instrumental profile, which can be substantial for the wing analysis and, there-
fore, we decided to solve this problem thoroughly.

There was no suitable laser to measure the instrumental profile in the
infrared region. We only had low-pressure helium discharge lamp, the lines of
which are strongly thermally broadened. To determine the lamp temperature we
used the Hel D3 587.6 nm line. The instrumental profile of the spectrograph in
the D3 region was considered to be close to the theoretical one according to
Sobotka's (1985) former measurements and, therefore, we calculated this profile
as the convolution of the spectrograph slit and difraction profiles, together
with the microphotometer slit profile. The temperature of the helium lamp
( 550 K) served to calculate the thermal profile of the weaker 23PO - 2331 com-
ponent of the 1083 nm triplet. We then performed the convolution of the thermal
profile of this component with the slit profiles of the spectrograph and that of
the microphotometer., We made two exposures of the 1083 nm line, first for the
line center, the second for the wings. These measured profiles are the convolut-
ion of the thermal profile, slit profiles, instrumental profile of the spectro-
graph and the emulsion profile. We then obtained the instrumental profile
(Fig. 1) corresponding to zero-width slits by meens of deconvolving the thermal
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Fig. 1 The instrumental profile of the spectrograph and of the emulsion
(see discussion in the text).

and slit-profiles from the measured one. There are two components in this pro-
file: the intrinsic instrumental profile of the spectrograph and the emulsion
profile. Since two exposures were used (for the line center and wings), our
resulting profile is composed of two parts joined to each other at the point
0.5 Imax‘ The core of the profile is approximated by a Gaussian curve, and the
wings are well fitted by the Lorentzian dispersion function. The FWHM of the
resulting profile is 48 pm, i.e. 79/~m in the focal plane of the spectrograph
camera (see Fig. 1).

On 15th September 1983 we obtained a series of high spatial /about 3”/
and spectral resolution data on HeI 1083 nm triplet in a quiescent prominence
with the Ond¥ejov HSFA-2 horizontal telescope with spestrograph (Fig. 2).

The observed profiles have been reduced using the method described above and
subsequently compared with the theoretical calculations based on an isothermal
constant source function model. An example"%his comparigson 1is displayed in
Fig. 3. As compared to our previous results, we achieved much more pronounced
differences between the observed profiles and those following from the isother=-

Pig. 2 An example of the ifrared Hel 1083 nm emission spectrum of a
quiescent prominence as observed by HSFA-2 instrument in Ond¥ejov.
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Pig. 3 A comparison of the observed Hel 1083 nm triplet profile (full
line) with the theoretical one derived from an isothermal prominence
model with a constant source function (dashed line). Optical thickness of
the main component 231’2 - 2381 amounts 0.825 and was obtained by fitting
the peak intensity of the component 23Po - 2331.Doppler width 0.0305nm is
obtained from the requirement that the theoretical intensities should fit
the emission profile around the central peak.

mal one-component model. This strongly supports the Landman’s original hypothe-
gis according to which the enhanced emission of the Hel 1083 nm line wings can
be explained in terms of the multicomponent temperature model. However, this
conclusion is still rather qualitative. In future, we plan to investigate quan-~
titatively the dependence of thisg higher-temperature emission on the prominen-
ce optical depth as derived from the cool component. This procedure could
answer the question concerning the temperature structure of the prominence-
corona interface and that of the interfillar medium,
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DISCUSSION

To the paper Heinzel, Kotr& et al. from page 171

J. Staude

Did you already obtain some preliminary information on the extent of the
transition region between the cold component and the surrounding corona ?

P. Heinzel

I can comment this question. For one prominence, we obtained seversal spatially
-resolved Hel 10830 line profiles which indicate the spatial variations of the
prominence emission. From these measurements, we intend to deduce the optical
thickness of the hotter component and its spatial relation to that of the cold
component. Such an analysis should lead to a determination of the temperature
structure of the prominence - corona transition region and that of the inter-
fillar medium. However, the geometrical extent of the transition region stron-
gly depends on the gas pressure accepted in the models.
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