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BJINSAHNE CBEPXTOHKOW CTPYKTYPHI HA IIPO®UJIbL COJIHEYHON JIMHUN
Mnl1 543.25 um, Burac H., Burue O., Bunuye 1. — Cuekrpanbias smausg Mnl 543.25 um ume-
€T HeOOBIYHO MIMPOKU MpOduIb, 00yCIOBIEHHBIN CBEPXTOHKOM CTPYKTYpoii. B 310l padbore Mbi
[PEeJCTaBJIsieM pe3ysbTarbl pacderoB B npubsuxenun JITP monenpubix mpodwueit suann Mn 1
543.25 uMm. Mbr ncnonb3oBanan Oxkcdopackne JaHHBIE IS CAJI OCHUJIISTOPOB KaK MepBOe MPHOJIN-
2KEHUE 151 CBEPXTOHKOU CTPYKTyphl. Habsronarenbubie qanubie ObLu B3sATH U3 JIbeKCKOro ariaca
COTHEYIHOTO CreKTPa. OTHOCUTEIbHBIE MHTEHCUBHOCTH IIIECTH KOMIIOHEHTOB CBEPXTOHKOM CTPYKTY-
PbI BAPHUPOBAJIUCH, YTOOBI IOy IUTh XOPOIIIEe COTJIACOBAHUE C HAOJIIONATEIbHBIMU JAHHBIMUA.

The MnT 543.25 nm spectral line has unusually broad line profile due to its hyperfine structure.
Here we present the results of LTE calculation of the synthetical profile of the Mn1I 543.25 nm line
in the solar spectrum. We used the Oxford total absorption oscillator strength measurements as
the first approximation for hyperfine structure. The observed spectrum was taken from the High
Resolution Solar Spectrum Atlas. The relative intensities of six hyperfine components were varied
to obtain a good fit with the observed line profile.

INTRODUCTION

The MnI 543.25 nm spectral line is formed in transition between ground state S and excited state
8P0 together with the MnI 539.47 nm line and thus one can suppose that their behavior are very
similar. Observations of the MnI 539.47 nm line on the sun as a star showed its activity cycle variation
of about 2% [3]. For explanation of this unusually high degree of variation it was introduced several
hypotheses [4]. Recently, this behavior, qualitatively explained by depopulation of the ground state of
the manganese atom by photons of the MgII k lines [5]. According to this paper, the MnI 543.25 nm
line has to behave very similarly to the Mn1I 539.47 nm line. Obviously, these two lines could be used
as an optical replacement for the measurement of the UV MgII k line flux (MgII k — index), but this
requires a knowledge of their behavior in detail. It has been already shown some similarity on behavior
of these two lines (e.g., the sensitivity to temperature changes in solar photosphere [6]). On the other
hand, the influence of another parameters of the solar atmosphere has been examined only for the Mn I
539.47 nm. Our observations have shown, for instance, that the intensity of the Mn 1 539.47 nm line in
plages strongly depends on strength of magnetic field [7]. However, it to take into account the hyperfine
structure of the Mn1 539.47 nm line, we have found theoretically that the influence of magnetic field
has not an important role in variation of intensity of this line in plages [8]. We concluded that
the intensity variation of this line in plages was not due directly to changes of magnetic field strength,
but to changes of other physical parameters in plages. It is interesting to study the influence of
the same features on the MnI 5543.25 nm line profile. The goal of this paper is to study the influence
of hyperfine structure and magnetic field on the solar MnI 543.25 nm line profile and to compare
the results with corresponding ones obtained for the Mnl 539.47 nm line.

METHOD OF CALCULATIONS

The synthetic spectrum near Mn I 543.25 nm line is calculated by using R.O. Gray’s program package
SPECTRUM (PC-based Stellar Spectral Synthesis Program). Obtained results are compared with
the observed spectrum taken from High Resolution Solar Spectrum Atlas [2]. We calculated the syn-
thetic spectrum neglecting hyperfine structure and compared it with the observed in Fig. 1. There is
an obvious difference between two spectra.
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Figure 1. The MnI 543.25 nm line: Observed spectrum and spectrum synthesized neglecting a hyperfine
structure
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Figure 2. The MnI 543.25 nm line: Observed spectrum and spectrum synthesized taking into account a hy-
perfine structure (data from Oxford total absorption oscillator strength measurements are used as the first
approximation)

Table 1. Hyperfine components of Mn1I 543.25 nm

A(nm)  lg(gf)

5432.501  —4.455
5432.534 —4.608
5432.557 -4.710
5432.570  -4.840
5432.582  -5.100
5432.610 -5.260
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Figure 3. The MnI 543.25 nm line: Observed spectrum and spectrum synthesized with a hyperfine structure
parameters fitted

We have used Oxford total absorption oscillator strength measurements [1] as the first approx-
imation of the hyperfine structure data (relative intensities and wavelengths). Then we calculated
the spectrum with these data (the result of synthesis is shown in Fig. 2).

The relative intensities, i.e., gf-factors and wavelengths of six components of hyperfine structure
have been changed and the spectrum is calculated again to obtain good fit of the observed one.
The final values for final manganese abundance of 6.65 and microturbulence velocity of 1.5 km/s are
represented in Table 1. The data from this table had been used for the synthesis shown in Fig. 3.

In the presence of the magnetic field the spectral lines (observed perpendicular to the direction
of magnetic field) is splitted in two components. Their wavelength splitting A\ (in nm) could be
determined according to the well-known formula:

AN = +4.668 - 10° - \? - H,

where g is the Gaunt factor (for the line Mn 1 543.25 nm, g = 1.86), \ is the wavelength in m, and H is
the magnetic field strength expressed in Gauss. The components of hyperfine structure of the spectral
lines split in the same way according to the same formulae. The oscillator strengths of components
decrease by a half. To illustrate this effect in the presence of magnetic field strength H = 1000 G we
calculated profiles of 12 component lines that together compose the profile of Mn1 543.25 nm line.

Similar procedure was repeated for different values of magnetic field in the range from 100 to
1000 G. The obtained results for three values of H (100 G, 500 G, 1000 G) are shown in Table 2 and
in Fig. 4.

Table 2. Calculated wavelength splitting AX of hyperfine structure components for different values of magnetic
field

A (nm) AM, pm
H=100G H=500G H=1000G

543.2501
543.2534
543.2557 + 0.26 + 1.28 + 2.56
543.2570
543.2582
543.2610
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Figure 4. Profiles of 543.25 nm line synthesized for different magnetic field strength (H = 100 G, 500 G,

1000 G)

Table 3. Line parameters of the synthesized Mn I 543.25 nm line for different values of magnetic field strength H

Line parameters
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H (G) EW (nm) LD FWHM (nm)

100 0.04537 0.64628 0.12451
200 0.04545 0.64860 0.12549
300 0.04557 0.64860 0.12598
400 0.04568 0.64860 0.12695
500 0.04588 0.65093 0.12891
600 0.04603 0.65325 0.12988
700 0.04628 0.65558 0.13232
800 0.04653 0.65791 0.13477
900 0.04678 0.66256 0.13818
1000 0.04709 0.66954 0.14355
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Figure 5. Dependence of line parameters of the synthesized MnI 543.25 nm line on magnetic field strength H

145



The line parameters, namely, equivalent width EW, line depth LD and FWHM, of the synthesized
Mn! 543.25 nm line are represented in Table 3 and are shown in Fig. 5.

CONCLUSION

This paper presents the results of analysis of the Mn I 543.25 nm line parameters (equivalent width EW,
line depth LD, and FWHM). The analysis took into consideration the hyperfine structure and followed
the change of the profile with the change of magnetic field strength. It is evident that the observed
parameters do not manifest strong change, such as, for example, the one observed by Vince et al. [7]
in the other manganese line, MnlI 539.47 nm. On the other hand, the values for Mnl 543.25 nm
calculated in this way manifest similar behavior to the values of the mentioned Mn1 539.47 nm line
when they are calculated in the same way. It is necessary to carry out measurements of parameters
of MnI 543.25 nm line for different values of H, which is our intention to do in future.
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