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Abstract. We present the study of the He-weak star HD 188101. Using spectral obser-
vations obtained with the Main stellar spectrograph (MSS) and the Nasmyth echelle
spectrograph (NES) mounted on the BTA SAO RAS and the data from the litera-
ture, we determined the fundamental parameters: Tog = 15600 % 400 K, log gspec =
3.87+£0.13, R=2.1-3.1 R, M = 3.8-4.8 M. Chemical abundances were determined
by the synthetic spectrum method: under the LTE assumption for He, N, Ti, Fe and
without LTE for C, O, Mg, Si. For Si and Fe, overabundance of about 0.6 dex relative
to the solar abundance was found. The non-LTE calculations with the stellar Si abun-
dance lead to consistent abundances from lines of Sill and SilIll, while the difference
between LTE abundances amounts to 0.8 dex.
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1 Introduction

Chemically peculiar stars make up about 10-20% of B—A type stars of the main
sequence. They show deficiency or excess in abundance of some elements relative
to the solar abundance. Since atmospheres of B-A type stars are non-convective,
the selective diffusion of chemical elements is possible (Michaud||[1970)) in case of the
slow rotation as observed for CP stars. Large-scale magnetic field detected in many
CP stars additionally stabilizes the atmosphere and leads to periodic variations in
the star’s brightness and in the profiles of some spectral lines. These variations are
explained by chemical spots on the stellar surface associated with the magnetic field.

From analysis of the Kepler’s light curves Hiimmerich et al.| (2018)) selected new
candidate CP stars. These stars became targets of a spectropolarimetric monitoring
on the 6-m telescope BTA. The results for 10 objects are presented by |Yakunin et al.
(2023). The hottest star of this sample, HD 188101, was selected for the present study.
The star has the sinusoidal light curve and a poorly approximated dependence of the
longitudinal magnetic field on the phase. Effective temperature of HD 188101 was
estimated as T.g = 14 700 K and the surface gravity as log g = 3.8. It was noted that
at the local thermodynamic equilibrium (LTE) assumption effective temperatures of
15200 K and 17200 K are needed to reproduce the Sill and SilII lines respectively.
The HeI A4471 line profile cannot be reproduced.

In this work we determine the fundamental parameters of HD 188101, abundances
of He, C, N, O, Mg, Si, Ti, Fe at the LTE assumption, a type of chemical peculiarity
of the star and investigate the non-LTE (NLTE) effects for the CII, O1, MgII, Sill
and Silll lines.

2 Observations

We use spectra obtained in 2019 and 2020 with the Main stellar spectrograph (MSS)
of the BTA. Spectral resolving power is R = A/AX &~ 15000, the signal-to-noise
ratio is S/N = 150-200, the spectral range covers 4450-5000 A. We also use the
spectrum from the Nasmyth echelle spectrograph (NES) of the BTA obtained in
2019 with R = 50000, S/N = 50, spectral range of 3950-6880 A. The phases were
obtained from the periodogram: JD = 2455681.4953 + 3.98726 F. We use the paral-
lax obtained by the HIPPARCOS mission and updated later (HIP2007, van Leeuwen
2007) 7™ = 2.82 £ 0.50 mas, and the Gaia measurements (Gaia DR3, |Gaia Collabo-
ration et al.|2021) 7 = 2.34 £ 0.10 mas.

Photometric data were extracted from the VizieR porta]E] for comparison with a
theoretic spectral energy distribution (SED).

L https://vizier.cds.unistra.fr /viz-bin /VizieR


https://vizier.cds.unistra.fr/viz-bin/VizieR

Modeling of the magnetic chemically peculiar star 3

3 Fundamental parameters of HD 188101

Interpolation along Teg is carried out in the grid of fluxes calculated by
to describe the observed fluxes. An angular diameter of the star 6 is
derived from the infrared flux method (IFRM) using effective wavelengths from 1 pm
to 13 pum. The color excess E(B-V) = 0.08 is taken from Gontcharov| (2017)). The
best agreement with observations (Fig. [1)) was obtained with Tog = 15500 £ 500 K,
log g = 4.0, [M/H] = 0.0, # = 0.066 mas. The uncertainty in T.g was estimated from
the TD1 data spread.
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Fig. 1. The observational data of HD 188101 are shown by different type symbols. Synthetic spectra
for the models with Teg = 15500 £ 500 K, log g = 4.0, [M/H] = 0.0, # = 0.066 mas are shown by
the lines.

Based on the stellar parallax, evolutionary tracks , obtained T.g
and 0, we conclude that HD 188101 is located near the zero age main sequence, has
the mass M and log gphot indicated in Table

Using the non-LTE synthetic spectra (Lanz & Hubeny|2007)), we constrain 1og gspec
and Tig from fitting the Hf line profile in the MSS spectrum: log gspec varies from
3.75 to 4.0 and T from 15000 K to 16000 K. Similar atmospheric parameters of
Tog = 15610 4+ 440 K, logg = 3.96 £ 0.06 were obtained using the SME software
package (LTE assumption |Valenti & Piskunovi|1996} Piskunov & Valenti|2017)), grid
of the LLmodels model atmospheres (Shulyak et al.[2004) and VALDF| atomic data

2 http://vald.inasan.ru
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base (Ryabchikova et al.[2015). Our analysis is made with the 15600/4.0/0.0 model
atmosphere.

Table 1. The fundamental parameters of HD 188101.

Parameter Quantity Method
0, mas 0.066 IFRM
R, Rg (HIP2007) 2.52 +0.45 IFRM
R, R., (Gaia EDR3) 3.03 £ 0.12 IFRM
log gphot (HIP2007) 41-44 Evolutionary tracks
log gphot (Gaia EDR3) 4.05-4.20 Evolutionary tracks
M, Mg 3.8-4.8 Evolutionary tracks
log gspec 3.75-4.00 Hp
Ter, K 15600 =+ 400 Photometry + Hf

4 Chemical abundances

Strong lines of Sill, SiIll, Felll, Till and weak lines of Hel are observed in the
MSS spectrum. All the lines of Sill, Silll, Till and the strongest magnesium line,
Mg IT A\4481, show profile variations. Variations in the HeI A4713 profile amount to
20%. We note that the strongest line of A1II A\4663 cannot be detected in the NES
spectrum.

NLTE calculations for CI-1I, O I, MgI-II, Si I-II-I1I were made with the DETAIL
code (Giddings|1981} Butler|1984; |Przybilla et al.[2011) using model atoms described
by [Sitnova et al.| (2004)); |Alexeeva et al.| (2021}, [2018]) and [Mashonkina/ (2020)). Depar-
ture coefficients for the atomic levels calculated in the DETAIL are implemented into
the SYNTHV_NLTE code (Tsymbal et al.2019). Using the Binmag6 code (Kochukhov
2018), SYNTHV_NLTE allows us to fit observations. Atomic data for spectral lines were
obtained from the VALD data base. Model atmospheres were calculated with the
LLmodels code.

NLTE corrections for the MgII lines range from —0.19 to 0.08 dex, those of the
CII lines do not exceed 0.01 dex. For the Sill lines with an excitation energy of the
lower level from 8.12 eV to 12 eV, the NLTE corrections reach 1.0 dex. The NLTE
corrections for another Sill lines do not exceed 0.7 dex. The NLTE calculations with
[Si/H] = 0.6 and [Si/H] = 0.0 lead to different NLTE effects for Sill. We note that
the SiII A6239 line profile is reproduced and the SilI/Silll ionization equilibrium is
achieved when [Si/H] = 0.6 dex is used in the NLTE calculations. For the SilIll lines,
the NLTE corrections range from —0.10 dex to —0.25 dex.
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The obtained average abundances [No/Nyot| are presented in Fig. . Solar abun-
dances were taken from |[Asplund et al.| (2021). The root mean square error is calcu-
lated as a standard deviation o = /Y (z — %)?/ (N; — 1), where N, is the number of
lines. The abundance of oxygen is determined with large uncertainty due to defects
in the spectrum near the O I A\6155, A6158 lines. The solar abundance was obtained
from the Mg Il A\4427, A\4433 lines. But the MgII A\4481 line gives a lower abundance,
by 0.5 dex. This discrepancy requires further research.
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Fig. 2. Stellar chemical abundances relative to the solar ones are obtained from the NES and the
MSS (2019.11.17) spectra. Abundances determined from the FeIIl and SiIII lines are shown by the
open symbols. Here [Ny /Niot] = 10g(Ne1/Niot )star — 108(Ne1/Niot )Sun-

5 Summary

Based on the analysis of spectroscopic and photometric data, the following results
were obtained for the CP star HD 188101.

1. We determined the fundamental parameters: Tog = 15600£400 K and log gspec =
3.87 £ 0.13. Surface gravity log gspec based on fitting the Hf line profile is less by
0.2 dex than log gpnot determined from the evolutionary tracks.

2. Abundances of He, C, N, O, Mg, Si, Ti, Fe were determined with the LTE assump-
tion and without LTE for C, O, Mg, Si. Our analysis finds enhanced abundances
of N, Si, Ti, Fe relative to the solar abundances, by about 0.6 dex, and depleted
abundance of He. The other elements reveal solar abundances, within 0.2 dex.
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HD 188101 is a CP star of a CP4 He-weak, Si type according to the classification
proposed by [Preston| (1974).

3. A difference of 0.85 dex in the LTE abundances between the Sill and SillI lines is
removed in the NLTE calculations with [Si/H] = 0.6 characteristic of HD 188101.
No signatures of Si stratification in the atmosphere of HD 188101 is found. With
the LTE assumption, an abundance difference was also found between lines of Fe I1
and Felll. NLTE calculations for FeIl-FeIIl are needed to study the sources of
such a difference.
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