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Abstract

Late-type stars are the most abundant in the galactic stellar population. These stars, with the
similar internal structure to the Sun, are expected to have solar-like atmospheres. Investigating
the stellar parameters and chemical abundances on late-type stars is essential to provide valuable
constraints about stellar age, chemical evolution, and atmosphere of exoplanets. In this work,
we present the study of the Near-UV and optical spectroscopic observation of three late-type
stars: HR 8038, AC Her, HD 76446, as obtained from the 36-inch MIRA/Oliver Observing
Station. We derived surface temperature, gravity, metallicity, and the chemical abundances of
light element carbon in the stellar atmosphere. The elemental abundance of the carbon for
HR 8038, AC Her, and HD 76446 are derived to be 95%, 97%, and 108%, respectively, of the
solar value.

Keywords: stars: low-mass, star: abundances, stellar atmosphere, star: individual (HR 8038,
AC Her, HD 76446)

1. Introduction

Most of the stellar population of our Galaxy consists of late-type stars (Bochanski et al.,
2010). With partially- or fully-convective envelopes, late-type stars are expected to have solar-
like atmospheres and magnetic activities (Priest, 2000; Karmakar, 2019). However, the stars
present a wide range of temperature, gravity, metallicity, and elemental abundances that have
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Table 1: Observation details of the Program stars.

Object SpT RA Dec Obs-Date  Exp Time A\
(hh:mm:ss.ss) (dd:mm:ss.ss) (s) (mag)
HR 8038 F1 21:00:03.99 +07:30:58.28 2017-10-23 720 5.99

AC Her F4 18:30:16.24 +21:52:00.60  2010-06-15 420 7.01
HD 76446 G2 08:56:33.11 +12:25:54.78  2010-02-17 1800 8.42

been found to vary significantly over time (Jofré et al., 2014; Bandyopadhyay et al., 2022; Kar-
makar et al., 2016, 2017, 2019, 2022, 2023). Therefore, a robust observational and theoretical
investigation is essential. Investigating the elemental abundances of late-type stars provides key
information for characterizing the stellar population of our Galaxy. carbon being the fourth
most abundant element in the universe (after hydrogen, helium, and oxygen), is of particular
interest in many fields of astrophysics, including stellar age determination (Bond et al., 2013;
Romano et al., 2020; Zhang et al., 2021; Beverage et al., 2023), chemical evolution of galaxies
(Chiappini et al., 2003; Carigi et al., 2005; Cescutti et al., 2009; Botelho et al., 2020; Gustafs-
son, 2022), and structure of exoplanets (Bond et al., 2010; Madhusudhan et al., 2012; Pelletier
et al., 2021; Grant et al., 2023).

For the past two decades, the Monterey Institute for Research in Astronomy (MIRA) has
observed hundreds of spectra of low-mass stars. In this paper, utilizing a subsample of this sur-
vey, we present an investigation of surface temperature, gravity, metallicity, and carbon abun-
dances using the NUV and optical low-resolution spectra of three late-type stars: HR 8038,
AC Her, and HD 76446. These F and G-type stars are located at a distance of 56.4 4- 1.6,
1231 444, and 81.5 £ 0.9 pc, respectively (Bailer-Jones et al., 2018). Some basic information
of these stars are shown in Table 1. We structured the paper as follows: Section 2 describes
the observations and data analysis. Section 3 describes the models and methods utilized for
atmospheric modeling and presents the results. Finally, in Section 4, we discuss the result and
outlined the conclusions drawn from our study.

2. Observations and Data Analysis

The low-resolution (~5,000) spectroscopic observations of three late-type stars have been
carried out using the 36-inch F/10 classical Cassegrain Telescope mounted at the Bernard M.
Oliver Observing Station (OOS; Weaver, 1975) of the Monterey Institute for Research in As-
tronomy (MIRA). The OOS is located at an elevation of 5010 feet on Chews Ridge in California
— one of the best-seeing sites in the Pacific region (~1”1; Hutter et al., 1997; Walker, 1970). For
all three observations, the dual-port spectrograph (DPS; see Torres-Dodgen and Weaver, 1993)
has been used with a 1200 lines per mm grating along with a back-illuminated 1024 x 255 AN-
DOR Camera (Model: DU420-BU; see Walker et al., 2007). The observations were performed
within the wavelength regions 3500-6800 A, with exposure times between 420 and 1800 s. De-
tailed information on the objects and specific observations is given in Table 1.

In this research, the data reduction was performed using the Image Reduction and Analysis
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Figure 1: The wavelength-calibrated NUV and optical spectra of HR
8038, along with identified strong hydrogen and calcium lines, are
shown as representative spectra.

Facility (iraf; Tody, 1986) software. In order to perform various operations, including initial
bias, cosmic ray, and flat field corrections, identification of spectral lines, and wavelength cal-
ibrations, we used iraf packages, viz., imutil, crutil, noao.imred, noao.onedspec, and
noao .twodspec. For further operations with wavelength-calibrated spectra, we have also used
Python packages, including matplotlib (Hunter, 2007), and astropy (Astropy Collabora-
tion et al., 2022). A representative wavelength calibrated spectra of HR 8038, as observed on
October 23, 2017, is shown in Fig. 1.

3. Spectral Fitting and Atmospheric Modeling

In order to investigate the photospheric absorption features, we initially computed steady-
state 1-D plane-parallel model atmospheres in local thermodynamic equilibrium (LTE) with the
ATLAS9 model (Kurucz, 1993; Castelli and Kurucz, 2003). To determine the stellar metallicity
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Figure 2: The spectral fitting of a few representative spectra is shown.
The upper panel of each figure shows the observed spectra (black dotted
line), best-fitted spectra (red solid line), and the typical variations from
the best fit for a temperature and logg of 300 K and 1.0 dex (green and
blue solid lines). The lower panel of each figure shows the residual of
the observed and best-fitted spectra. In the top panel of each figure, the
identified absorption lines have been marked with red-colored text and
blue arrows, whereas the black label indicates the name of the corre-
sponding low-mass star.

and detailed abundances, we used a realistic non-LTE version of the widely used state-of-the-art
TURBOSPECTRUM synthesis code (Alvarez and Plez, 1998; Plez, 2012; Gerber et al., 2023).

We estimate the stellar parameters using the broad and strong H-features and Ca 11 H and
K lines by iteratively varying the stellar parameters to arrive at the best fits. Fig. 2 shows a few
representative absorption features of the program stars. The black dotted lines are the observed
spectra, and the solid red lines show the best fit. The typical variations from the best-fit for a
temperature variation of 300 K and logg variations of 1.0 dex are shown using green and blue
solid lines, whereas the residuals of the observed and the best-fitted spectra are shown in the
bottom panels. In the representative spectra shown in Fig.2, we have marked the identified
absorption features of Ho, HB, Ca II H (along with He), Ca II K, Hy, and CH molecular band.
The estimated best-fitted parameters of stellar surface temperature (7.¢r), surface gravity (logg),
and metallicity ([Fe/H]) are given in Table 2. We also estimated the carbon abundance A(C)
from the absorption line at 4300 A. The best-fitted carbon abundance is shown in the rightmost
panel of Table 2.
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Table 2: Estimated stellar parameters from the spectra. The solar
carbon abundance A(C)g is adopted from (Grevesse et al., 2007),
whereas the stellar abundance A(C), is estimated as A(C), = A(C) —
A(C)e.

Object T st logg [Fe/H] A(C),
(K) (dex) (dex) (dex)
HR 8038  71004+300 4.50+0.5 —-0.84+0.3 —0.394+0.50
AC Her 56504+300 2.10+0.5 —-1.34+03 —-0.24+£0.45
HD 76446 58504+300 4.004+0.5 —-0.5+0.3 0.7140.40

4. Discussion and Conclusions

In this paper, we present an analysis of stellar parameters using low-resolution Near-UV
and optical spectra. We estimated the surface temperatures of HR 8038, AC Her, and HD 76446
to be 7100, 5650, and 5850 K, respectively. In the literature, there are 17, 12, and 8 estimations
of surface temperatures available for these three sources. The known surface temperatures of
HR 8038, AC Her, and HD 76446 are found to be within the ranges of 7051-7850, 50805933,
and 5730-6027 K, respectively. The surface gravities, on the other hand, are previously derived
to be within the ranges of 3.69-3.99, 1.39-3.79, and 3.85—4.13, whereas the metallicities were
estimated to be in the ranges of —1.08 to —0.46, —1.35 to —0.75, and —0.58 to +0.03, re-
spectively. We found that seven out of nine parameters estimated from the spectral fitting are
within the 10 uncertainty level. Although the objects considered for this paper are well-studied,
obtaining similar values for the stellar parameters using low-resolution spectra is an interesting
finding. However, the only source HR 8038 shows a slight deviation in T.¢ and a significant
deviation in log g, and it needs further investigation.

In order to estimate the carbon abundances, we used the best-fit values for T, log g, and
[Fe/H]. The carbon abundances A(C) of HR 8038, AC Her, and HD 76446 are estimated to
be 8.0, 8.15, and 9.1. Considering the solar carbon abundance value of 8.39 (Grevesse et al.,
2007), we found the carbon abundance of HR 8038, AC Her, and HD 76446 are 95%, 97%,
and 108% of the solar value. We expect to report more results from the low-mass spectroscopic
survey of MIRA with a robust investigation of spectral lines in the future. The analysis with the
complete sample of 130 low-mass stars will provide useful information on stellar abundances
and will further enable us to understand the First Ionization Potential effect on low-mass stars.
This study will provide important information to understand the stellar magnetic dynamo and
chemical evolution of the Galaxy.
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