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BAPUAIINU IMPOPUNJIEN JIMHNU MnT 539.5 um 11 Mn1 543.3 um OT IIEHTPA K KPAIO
JUNCKA COJIHIIA, Bunue U., Aunpuenko O., Bunue O. — [Ijist TOro 4robbl HAWTH BIUSHUE PA3-
JIMYHBIX aTMOC(EPHBIX CJI0eB U rpanyJisiuu Ha npodusu jgunuii Mn I 539.5/543.3 um, Mbl ipoBesiu
HaOJIIOZIeHNs ITUX JIMHUHA Ha PA3JIMYHBIX rejnoneHTpudeckux yriax 6 (cosf = 1.0, 0.82, 0.6, 0.4,
0.2). Habuironenus npoBogMIIMCh HA COHEIHOM Tesieckone obcepBaropuu Tepckou. Bolin nuzmepens
MOJTYIITUPUHA, SKBUBAJIEHTHAS IIUPUHA, W [EHTPaJIbHAA riiyouna nmpodunei gunuit. EW u FWHM
000X JTMHUI yBEJIMIUBAIOTCS C I€JIMOMEHTPUIECKUM YIJIOM, B TO BPEMs KAK IEHTPaJjbHas [IyOu-
HA yMeHbIaercs g jguauu Mn 543.3 HM ¥ HECKOJIBKO YBEJIUYUBACTCA BO3JIE JTUMOQ [JIsT JIMHUN
Mn 539.5 am. s stux jauHuit 6pLmr Bhrauciaensbl Moaesbube npoduin B JITP-npubmamkenun c
y9ETOM CBEPXTOHKOI CTPYKTYPBI, OBLIO MPOBEIEHO X CPABHEHME C HADJIIOIEHUSIMHU.

In order to find the influence of different atmospheric layers and the granulation on profiles of Mn I
539.5/543.3 nm lines we observed them at different heliocentric angles, 8 (cos§ = 1.0, 0.82, 0.6,
0.4, 0.2). Observations were carried out on the solar telescope at the Terskol Observatory. Full
width at half maximum (FWHM), equivalent width (EW) and central intensity of line profiles were
measured. EW and FWHM of both lines increase with heliocentric angle, while the CI decrease
for the Mn 543.3 nm line and slightly increase near the limb for the Mn 539.5 nm line. Synthetic
profiles of these lines were calculated under LTE assumption taking into account the hyperfine
structure and compared with observed data.

INTRODUCTION

It is an observational fact that the equivalent width of the MnT 539.5 nm line, measured for the full
solar disk, shows activity cycle variability about 2 % [1]. As the MnI 543.2 nm line has the same lower
energy level of transition as the MnI 539.5 nm line, it is interesting to examine its variability too. For
explanation of this variability we used several hypotheses [2] and tested them by various observations
and synthetic line profile calculations.

We investigated theoretically (see, e.g., [3]) and experimentally (see, e.g., [4]) the temperature
sensitivity of the Mn1 539.5 nm line and concluded that it is rather high but not enough for explanation
of the activity cycle variation of line parameters. We have supposed that this variation is caused by
the influence of plages and other atmospheric features. Our synthetic line profile calculations, using
models of quite sun, plages and bright network elements, did not support that hypothesis. However,
recently it has been established that the cyclic variations of the Mn1I 539.5/543.2 nm lines are mostly
due to the influence of plage variability during the activity cycle. Namely, these lines are sensitive
to optical pumping in a transition which overlaps with the MgII k line [5] and this pumping is very
enhanced in plages. It has been also experimentally shown that there are differences in behavior of
line profiles in plages between the Mn1 539.5 nm line and the Mn 1 542.04 nm line, the latter line has
another lower energy level than the Mn1I 539.5/543.2 nm lines [6].

The results mentioned above clearly indicate that for understanding the behavior of the MnI
539.5/543.2 nm lines it is necessary to study them from different aspects. Our goal is to clarify the in-
fluence of different atmospheric layers on the profile of MnI 539.5/543.2 nm lines, so we observed
them at different heliocentric angles, 6, (cos § = 1.0, 0.82, 0.6, 0.4, 0.2). Full width at half maxi-
mum (FWHM), equivalent width (EW) and central intensity (CI) of the line profile were measured.
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Figure 1. The average over solar disk spectrum near the MnI 539.5 nm spectral line (a) and the Mn1I 539.5 nm
spectral line profiles for different heliocentric angles (b)

Synthetic profiles of these lines were calculated under LTE assumption and taking into account the hy-
perfine structure. We computed the line profiles without hyperfine structure as well. Computed line
profile parameters (EW, FWHM, and CI) were compared with observed ones.

OBSERVATIONS AND REDUCTIONS

Observations were carried out on the solar telescope of Terskol Observatory. Focal length and diameter
of the telescope main mirror are 1775 cm and 65 cm, respectively. The collimator and the camera
mirrors of the spectrograph are 30 cm in diameter and have 800 cm focal lengths. The grating has
600 lines/mm with grooved area of 25 x 20 cm?. Observations were made in the fifth spectral order
with 25 ym width of the entrance slit. The spectra were taken by a CCD camera with 765 x 510
array and 9 x 9 pm? pixel size. Procedure of taking images was the same for both lines (MnI
539.5/543.2 nm). For each position on the solar disk (heliocentric angle cos # = 1.0, 0.82, 0.6, 0.4, 0.2)
ten images were taken with 55 s time gap between them. Each image was reduced for dark current and
scattered light and then averaging along the slit direction was performed. In such a way we obtained
10 spectral records for each heliocentric angle. The records were combined into one 765 x 10 array
for every value of cos #. Further treatment was made in Belgrade. The arrays were averaged along
short (temporal) dimension with help of the IRAF program package. Thus we obtained spatially and
temporally averaged line profiles. Normalization to the local continuum and wavelength calibration
were performed with the SPE program package. Measuring of the line parameters (EW, FWHM, and
CI) was also performed with SPE.

Averaged profiles of the Mn I 539.5/543.2 nm lines are shown in Fig. 1 and Fig. 2 (after averaging
in IRAF and normalization and calibration in SPE). From the enlarged parts of the spectra it is
obvious that shape of the line profiles vary with cos 6.

Calculations of synthetic spectra were performed using SPECTRUM (PC-based Stellar Spectral
Synthesis Program) program package made by R. O. Gray. The hyperfine structure of the manganese
lines was taken into account. In order to make a good fit with the observed spectra (which were taken
from High Resolution Solar Spectrum Atlas) the relative intensity, i.e., gf-factors of six hyperfine
structure components were taken from [7] and [8]. For microturbulence velocity we took 1.5 km/s
value.

RESULTS AND CONCLUSION

The center-to-limb variations of observed and calculated (with and without hyperfine components)
parameters (EW, FWHM, and CI) for the MnI 539.5 nm and Mn1 543.2 nm lines are shown in Fig. 3
and Fig. 4. One can see that the observed FW and its variation with cos § agree well with calculated
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Figure 2. The average over solar disk spectrum near the MnI 543.2 nm spectral line (a) and the Mn1 543.2 nm
spectral line profiles for different heliocentric angles (b)
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Figure 3. Center-to-limb variation of the observed (asterisks) and calculated (circles — with hyperfine compo-
nents, squares — without hyperfine components) parameters of the Mn1I 539.5 nm spectral line
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Figure 4. Center-to-limb variation of the observed and calculated (circles — with hyperfine components,
squares — without hyperfine components) parameters of the MnI 543.2 nm spectral line
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ones if the hyperfine components are taken into account. There is systematic difference between calcu-
lated and observed CI and FWHM, but the variations of these parameters with the heliocentric angle
are very similar. The differences are probably (partly) due to the influence of the instrumental profile,
since the observed profiles are not corrected for it. On the other hand, the line profile parameters cal-
culated without hyperfine components differ considerables from observed ones, and their changes with
heliocentric angle behave very differently too. Therefore, we can conclude that the hyperfine structure
essentially influence not only the shape of line profiles, but also its center-to-limb variation. The slight
decrease of EW from cos 8 = 1 to cos § = 0.82 probably indicates that these lines are formed rather in
deep than in high photospheric layers as it was found, e.g., by Gurtovenko and Kostik (about 240 km,
[9]). The hyperfine components could significantly influence on determination of manganese abun-
dance. To confirm these conjectures further center-to-limb observations and calculations are planned
to perform for these spectral lines.
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