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ABSTRACT

We present a chemical abundance analysis of seven A-type stars with no detailed chemical abundance measurements in the
literature. High-resolution spectra of the targets — HD 2924, HD 4321, HD 26553, HD 125658, HD 137928, HD 154713, and
HD 159834 — were obtained using the Coudé Echelle Spectrograph at the TUBITAK National Observatory. We determined the
atmospheric abundances of the samples and measured the elemental abundances of C, N, O, Na, Mg, Al Si, S, K, Ca, Sc, Ti, V,
Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y, Zr, Ba, La, Ce, Nd, Sm, Eu, and Gd. The masses of the stars were estimated based on their evo-
lutionary tracks, and their ages were calculated using isochrones. We also calculated the radii of the stars. The abundance patterns
of HD 4321, HD 125658, and HD 154713 were found to be in agreement with those of classical Am stars, with underabundant Ca
and Sc, overabundant heavier elements, and moderate overabundance of iron-peak elements. We found that HD 137928 and HD
159834 have abundance characteristics similar to marginal Am-type stars. The elemental distributions of HD 2924 and HD 26553
are consistent with the pattern of normal A-type stars. The iron, nickel, and zinc abundances of HD 125658 and HD 137928 are

significantly higher than those of other Am stars. These values suggest that they are among the most metal-rich Am stars.
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1 INTRODUCTION

In the course of stellar evolution, stars inherit the chemical com-
position of their birthplace; however, the atmospheric chemical
abundance distribution changes over time due to poorly understood
internal stellar processes. The warmer post zero-age main sequence
(ZAMS) mid-massive stars, corresponding to mid-B to early-F
spectral types, attract particular attention, since a substantial fraction
exhibit chemical abundance anomalies, which reflect these internal
processes. Detailed chemical abundance analysis of these stars is
essential, since it potentially provides a basis for understanding such
phenomena. Chemically peculiar (CP) metallic-line (Am) stars are
the typical targets for these studies. CP stars are characterized by
enhanced absorption lines (Preston 1974; Monier 2019). Am stars
are A- to early F-type stars sharing the same region as normal A-type
stars, with effective temperature (7.) between 7000 and 9000 K.
They lie in the cooler portion of main-sequence CP stars. Am stars
were first recognized as a group by Titus & Morgan (1940). Preston
(1974) classified CP stars into four groups, with Am stars being the
CP1 group. Am stars are characterized by three spectral characteris-
tics: the strength of their Balmer lines; their Ca1l K lines, which are
weaker than those of normal A-type stars with the same temperature;
and their enhanced metallic lines relative to their normal counterparts.
In typical Am star spectra, the intensity of the Call K line is weaker
than that of the Balmer lines and resembles an earlier spectral type.
The metallic lines are more intense and resemble a later spectral type
(Roman, Morgan & Eggen 1948). Abt & Morgan (1976) stated that
the Ca1l K line in the spectra of such stars resembles the spectral
type at least five subtypes earlier. Am stars with Ca 1l K and metallic
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lines differing by less than five subtypes are referred to as marginal
Am stars (Trust et al. 2021). Underabundance of Sc 11 and/or Callis a
discovery criterion for this class (Michaud, Alecian & Richer 2015).
Based on observational statistics, the majority of Am stars are slow
rotators (Fossati et al. 2008). This supports the hypothesis of chemical
separation due to radiative diffusion and gravitational settling, since
slow rotation is expected not to destroy the separation phenomenon
(Michaud et al. 2015). Chemical separation requires calm atmo-
spheres, which are expected given the slow rotation of these stars
(Takeda et al. 2008; Fossati et al. 2008; Abt 2009). In close binaries,
slow rotation is associated with tidal synchronization (Khokhlova
1981). However, observations of low-rotating normal A-type stars
pose a challenge to this view of the impact of rotation. Normal A-
type stars exhibit nearly solar abundances, with the heavier elements
falling within the range of +0.40 dex relative to the Sun (Adelman &
Unsuree 2007). This work focuses on determining the chemical abun-
dances and fundamental parameters (e.g. effective temperatures and
surface gravities) of the sample stars in detail. The work is organized
as follows: Section 2 describes the target selection, observations,
and data reduction. We present the determination of atmospheric
stellar parameters and the procedure used to perform the abundance
analysis in Section 3. The evolutionary status of the stars is shown
by employing the Hertzsprung—Russell (HR) diagram in Section 4.
We discuss the results in Section 5 and we conclude in Section 6.

2 OBSERVATION DATA

2.1 Target selection

One of the dominant mixing processes that suppresses the effect
of chemical separation in atomic diffusion is linked to rotational
velocity. A statistical analysis of observations suggests that all
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Table 1. The observation log of the target stars. The V-band magnitudes were estimated by Oja (1991).

Star name V mag Exposure time Observation time SNR
(mag) (s) (JD) (@5000-7000 A)

HD 2924 6.700 [0.009] 4500 x2 2457676.37750 297

HD 4321 6.510 [0.009] 4500 x 2 2457675.50366 250

HD 26553 6.080 [0.009] 4500 x 2 2455554.33347 287

HD 125658 6.445 [0.010] 4500 x 1 2458232.38508 115

HD 137928 6.430 [0.010] 4500 x 2 2458233.33802 280

HD 154713 6.441[0.010] 4500 x 2 2458234.41497 302

HD 159834 6.100 [0.010] 4500 x 2 2458232.51027 362
main-sequence stars of the targeted temperature regime with 19
equatorial rotational velocities less than 80 kms~! are Am /Fm stars 98 HD 2924
(Abt 2000). Abt & Moyd (1973) initially reported that the equatorial 10
velocity of observed CPI stars is less than 120kms~!. This §§ g 3 wpa2 G I ) i? s e i

. = jie i o S B Eom
observation is consistent with chemical separation due to atomic o — —
diffusion occurring when the Hell convection zone disappears at ot HD 26553 ! W | V
equatorial velocities lower than 70—120kms~' (Michaud 1982). ?z
We therefore selected targets in this temperature regime with low 08 " HD V25658 AT Vv
rotation velocities (v sin i < 70kms~") and chemical abundances 04
that have not been derived previously. g% HD 137908
03
2.2 Observations and data reduction o8 HD 154713
For this study, we used the high-resolution R ~ 40 000 spectroscopic é(é WW
data obtained by the Coudé Echelle Spectrograph attached to the 04
5130 5140 5150 5160 5170 5180 5190

1.5-m Russian—Turkish Telescope (RTT-150) at TUBITAK National
Observatory (TUG). The spectra cover a wavelength range of 3900-
8770 A. Along with the target star’s spectra, each observation run
began with acquiring calibration frames and arc spectra: the halogen
lamp for flat-fielding and the Th—Ar lamp for wavelength calibration.
Table 1 lists the observation log of our targets, including observation
times, exposure times, numbers of co-added spectra, and signal-
to-noise ratios (SNR). The raw spectra were reduced using IRAF’S
standard reduction routines. Initially, image header information
was methodized to allow processing in the IRAF environment. The
reduction process started with bias subtraction followed by flat-
fielding. The next step was the removal of scattered light from
star spectra. Using the Th—Ar spectra, we conducted wavelength
calibration and lastly performed cosmic-ray removal. We measured
the Doppler shift of the spectra using unblended moderately strong
absorption lines. Then the heliocentric radial velocities (Vieiio) Were
determined and necessary Doppler corrections were applied to all
spectra. For six of the targets, we acquired two spectral frames, which
were combined to improve the SNR. We could not acquire a second
frame for HD 125658 due to adverse weather. The echelle orders
of the spectra were normalized according to spline-fitted continuum
points. Fig. 1 shows a sample of normalized orders of the spectra of
stars at about 5100 A , as well as some of the identified unblended
lines used for chemical abundance determination. The lines clearly
exhibit the broadening effect of rotational velocity.

3 ATMOSPHERE PARAMETERS AND
CHEMICAL ABUNDANCES

Spectroscopy and photometry are the traditional methods used to
determine stellar atmospheric parameters. In this work, we employed
both methods. We used the photometric method to find the initial
atmospheric parameters, then we refined the parameters with the
spectroscopic method.
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Figure 1. A sample of normalized orders of the target stars and some of the
identified unblended lines used for chemical abundance determination.

3.1 Line identification and equivalent-width measurement

We used line lists from the Kurucz line database (Kurucz & Bell
1995) and the Vienna Atomic Line Database (Piskunov et al. 1995;
Kupka et al. 1999; Ryabchikova et al. 1999). Line identification and
equivalent-width measurements of the atomic species found in the
spectra of the target stars were implemented through an Interactive
Data Language (IDL) visualization program, BINMAG6 (Kochukhov
2018). Equivalent-width measurements were performed by Gaussian
profile fitting of the lines. Table 2 lists the spectral lines measured.

3.2 Stellar parameters

Photometric stellar parameters were determined using the Stromgren
ubvyp photometric indices of Paunzen (2015). The photometric data
were used in the calibrations performed by Napiwotzki, Schoen-
berner & Wenske (1993) to determine the 7.s; and surface gravity (log
g) of each target. These calibrations have systematic and statistical
errors of 200K for T and 0.10dex for log g (Napiwotzki et al.
1993). The computed stellar parameters are given in Table 3.
Spectroscopic atmospheric parameters determination: One of the
classic methods used to yield the effective temperature spectroscop-
ically is to employ Fel lines throughout the stellar spectrum and
iterate the effective temperature until their abundances show no
trend with the excitation potential (EP) of each line. In contrast with
photometric methods, no reddening information is needed for this
technique; however, high-resolution spectra with a resolving power
of R~A/AX > 15000 are required, preferably with wide wavelength
coverage throughout the optical range (Frebel et al. 2013). The
different methods are known to produce temperatures with systematic
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Table 2. List of spectral lines used in the abundance analysis of target stars. The full table is available online. A portion of the table is shown here.

Atomic sp. Wavelength log gf Equivalent width (pm)

(nm) HD 2924 HD4321 HD26553 HD 125658 HD 137928 HD 154713 HD 159834
CI 477.0027 —2.722 .. .. e . 01.50
C1 477.1742 —2.120 .. 06.46 ... 05.87 02.93 03.78 04.22
CI 477.5897 —2.163 02.98 05.38 01.60 03.09 . ...
CI 493.2049 —1.884 04.45 06.89 03.04 03.56 02.74 02.90
CI 502.3849 —2.400 02.25 00.71 02.02

Table 3. Photometrically determined stellar parameters.

Star name Tets log g

[K] [dex]
HD 2924 8633 345
HD 4321 7659 3.27
HD 26553 7783 241
HD 125658 7966 3.94
HD 137928 8382 3.81
HD 154713 8217 3.63
HD 159834 7799 3.57

offsets from each other. We used the photometrically determined
atmospheric parameters (7., log g) to construct initial model
atmospheres used in the EP method, where T.i was derived from the
excitation equilibrium of the Fe I lines. The models were constructed
using ATLASY (Kurucz 1993a). Depending on the T derived from
the EP method, we derived the stellar surface gravities through Fe I-
II ionization equilibrium. The log g value was determined from the
balance of abundances derived from individual Fe 1-11 while the value
of log g was iterated. The microturbulent velocity (§) was calculated
by adopting the values that produced no trend of equivalent widths
with abundances derived from individual Fel lines. This allowed
the chemical abundance of iron to be derived. We measured the v
sin i of the target stars by comparing the observed spectra with the
synthetic spectra. The synthetic spectra were produced using SYNTHE
(Kurucz 2005b, 1993b). All atmospheric parameters derived from
spectroscopy are listed in Table 4.

3.3 Abundance analysis

We derived the abundance of each atomic species using the measured
equivalent widths in WIDTH9 (Kurucz 2005a; Sbordone et al. 2004),
which uses ATLAS9 model atmospheres to compute line formation
in local thermodynamic equilibrium. We avoided using lines of
equivalent widths greater than 200 mA for the abundance analysis
to avoid the use of saturated lines, which bias the abundances. We
included hyperfine structure (HFS) splitting for the V, Sc, Mn, Y,
and Ba spectral lines. HFS split lines occur due to electromagnetic

multipole interaction between the nucleus and electrons, which arises
from the energy of the nuclear magnetic dipole moment interacting
with the magnetic field generated by the electrons and shifts the lines
of different isotopes. HFS has a small broadening effect, shifting
the lines and altering their shape, which may lead to erroneous
interpretations of spectra with the equivalent-width method.

To measure the abundance of HFS elements, we generated syn-
thetic spectra using SYNTHE (Kurucz 1993b, 2005b) with HFS line
lists from the Kurucz database and fitted them with the observed
spectra lines. The spectra generation includes broadening effects due
to the instrumental profile and turbulent velocity. The abundance of
the best fit between the observed and synthetic spectrum was adopted.
The elemental abundances have random (o ,) and systematic errors.
The random errors are from the standard deviations of individual
measurements. The systematic error of the chemical abundances due
to atmosphere parameters is

Osys= \/ Glz"cff + Ul%)gg + UEZ' (1)

The total error is

o2 + 02 IVN, )

Otot= sys

where N is the number of lines used to derive the chemical
abundances. We present the elemental abundances along with the
number of lines and their total errors in Tables 5 and 6. The solar
abundance (log €,) values are taken from Grevesse & Sauval (1998).
Figs 2, 3, and 4 show the differences from solar abundances with total
error bars. The abundance patterns of HD 4321, HD 125658, and
HD 154713 show an agreement with the abundance patterns of clas-
sical Am stars, with underabundant Ca and Sc, overabundant heavier
elements, and moderate overabundance of iron-peak elements. We
compared these patterns with the classical Am HD 33266 studied
by Caligkan et al. (2015). We find that HD 137928 and HD 159834
have abundance characteristics similar to marginal Am-type stars.
We also compared their patterns with the marginal Am HD 185658
(KIC 9349245) from Trust et al. (2021). The chemical element
distributions of HD 2924 and the giant HD 26553 are consistent
with the pattern of normal A-type stars.

Table 4. Atmospheric parameters from spectroscopic analysis.

Star name Tets log g [Fe/H] & Vhelio v sin i
K] [dex] [dex] [kms~!] [kms!] [kms!]
HD 2924 8650 + 150 3.70 £0.10 0.12+£0.18 2.60 £0.5 01.90 + 0.25 30£5
HD 4321 8500 + 150 4.00 +0.10 0.14 £0.15 3.00 £0.5 -07.60 + 0.70 24 44
HD 26553 8350 & 150 2.20 £ 0.10 0.08 £0.19 190+ 0.5 -22.00 % 2.60 10+2
HD 125658 8800 =+ 150 4.60 +0.10 0.41 £ 0.10 5.00 £ 0.5 01.70 + 0.50 26+5
HD 137928 9100 + 150 3.80 £0.10 0.42 £0.12 400405 -03.90 + 0.40 34+5
HD 154713 8350 + 150 3.50 £0.10 0.18 £0.15 3.00 £0.5 -06.30 % 0.50 39+5
HD 159834 8350 & 150 3.90 £ 0.10 0.13 £ 0.20 320+0.5 -16.20 + 2.00 1443
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Table 5. Derived elemental abundances with the total error estimates of HD 2924 and HD 26553.

Atomic Sp. HD 2924 HD 2924 HD 26553 HD 26553 Solar
log € [x/H] log € [x/H] log €
C1 8.45 —0.07 £0.11 (6) 8.37 —0.15 £ 0.12 (19) 8.52
N1 8.05 0.13 £ 0.04 (1) 8.20 0.28 +0.09 (2) 7.92
01 8.95 0.12 4 0.04 (1) 8.91 0.08 + 0.04 (8) 8.83
Nal ... . 6.54 0.21 £0.17 (3) 6.33
Mg 7.55 —0.03 £0.22 (4) 7.77 0.19 £ 0.19 (4) 7.58
Mg 7.62 0.04 +0.14 (1) 7.80 0.22 £ 0.26 (2) 7.58
Alll 6.72 0.25 4 0.05 (1) 6.47
Si1 . 7.68 0.13 £ 0.15 (8) 7.55
Sin 7.48 —0.07 £0.14 (2) 7.50 —0.054+0.12 (2) 7.55
S1 7.55 0.22 + 0.15(6) 7.33
K1 5.33 0.21 4 0.18(1) 5.12
Cal 6.49 0.13 £ 0.19 (7) 6.40 0.04 +0.24 (17) 6.36
Call . . 6.37 0.01 £0.13 (4) 6.36
ScuHFs 3.09 —0.08 £ 0.16 (3) 3.04 —0.13£0.21 (11) 3.17
Ti1 . .. 5.01 —0.01 +£0.20 (4) 5.02
Tiu 5.31 0.29 +0.26 (1) 4.99 —0.03 +0.19 (38) 5.02
v ftFs 4.17 0.17 £0.22 (1) 4.02 0.02 £ 0.15 (9) 4.00
Cr1 5.76 0.09 £ 0.26 (2) 572 0.05 & 0.19(9) 5.67
Cril 5.85 0.18 £ 0.16 (10) 5.71 0.04 £ 0.17(39) 5.67
Mn FFS 5.30 —0.09 £ 0.16 (1) 5.29 —0.10  0.19(8) 5.39
Mn nfFs$ 5.30 —0.09 +0.04 (1) 5.26 —0.13 £ 0.07(7) 5.39
Fel 7.62 0.12 £ 0.18 (42) 7.58 0.08 £ 0.19(202) 7.50
Fell 7.64 0.14 £ 0.18 (46) 7.58 0.08 £ 0.11(102) 7.50
Coll . 5.15 0.23 4 0.06(1) 4.92
Ni1 6.19 —0.06 & 0.17(20) 6.25
Nil 6.20 —0.05 + 0.06(3) 6.25
Cul . 4.53 0.32 £ 0.16(1) 421
Zn1 4.83 0.23 4+ 0.13 (1) 470 0.10 & 0.17(2) 4.60
Sr1l 3.31 0.34 £ 0.37 (2) 3.44 0.47 £ 0.37(3) 2.97
Y nfFs 2.62 0.38 £ 0.15 (1) 2.37 0.13 4+ 0.17(5) 2.24
Zr1 3.21 0.61 £0.32 (1) 2.75 0.15 £ 0.15(8) 2.60
Ba /s 2.41 0.28 £ 0.24 (1) 243 0.30 £ 0.34(4) 2.13
Lan 1.61 0.44 + 025(2) 1.17
Cell 1.72 0.14 4 0.18(1) 1.58
4 EVOLUTIONARY STATUS 5 RESULTS

To estimate the evolutionary status of the target stars, we pinpointed
their positions precisely on the HR diagram given in Fig. 5. This is
of particular importance, as it allowed us to investigate the region
occupied by Am stars. With the help of isochrones and evolutionary
tracks with solar metallicity (Bressan et al. 2012), we estimated the
stellar masses and ages. The luminosity (L/Lg) was calculated using
the standard technique. We obtained E(B — V) from the work of
Kervella et al. (2019) and computed extinction with the standard
extinction law,

Ay =3.1x E(B— V). 3)

The bolometric correction (BC) was calculated using the
temperature-dependent function of Torres (2010). The absolute
magnitudes (My) were determined using Gaia parallaxes (Gaia Col-
laboration 2020). The errors in luminosities are from uncertainties
in Ty, V-band indices, and Gaia parallaxes. Using the Stefan—
Boltzmann law as in Montambaux (2018), we calculated the radius
from the T and log (L/Ly) values. The E(B — V) values and
calculated parameters are listed in Table 7. The masses, ages, and
radii determined are listed in Table 8.

MNRAS 521, 3699-3707 (2023)

5.1 Normal A-type stars

5.1.1 HD 2924

This star was classified as spectral type A2IV (Cowley et al. 1969).
Zorec & Royer (2012) measured Tt as 8730 K (log Tegr = 3.941) and
reported log (L/Lg) =2.3083, mass = 3.06 M, and rotational veloc-
ity = 30 km s~!. McDonald, Zijlstra & Boyer (2012) measured T
as 7800 K and reported a luminosity of 134.59 (log(L/Ly) = 2.129).
Duflot et al. (1995) measured a radial velocity of 1.9 kms~!, whereas
de Bruijne & Eilers (2012) and Brandt (2021) reported a radial veloc-
ity of 2.1 kms~!. In this study, we measured the fundamental param-
eters of HD 2924 as Tt = 8650K,logg=3.7,and& =2.60kms~".
We derived v sin i and Vieio as 30 and 1.90 kms™!, respectively. The
abundance of calcium is 0.13 dex and that of scandium —0.08 dex.
The iron-peak and heavy elements do not show significant overabun-
dance, as we would expect for Am stars, hence we classified HD 2924
as a normal A-type star. The elemental abundance distribution of
HD 2924 is shown in Fig. 2. We estimated the mass, age, and radius
as 2.40 + 0.09 Mg, 490 £ 60 Myr, and 4.20 & 0.40 R, respectively.
The difference between the calculated luminosity in this study and
the luminosity given in Zorec & Royer (2012) is due largely to the
parallax values used in the calculation of luminosities.
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Figure 2. The differences between our derived chemical abundances and
the solar abundances found by Grevesse & Sauval (1998) for HD 2924 and
HD 26553.
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Figure 3. The differences between our derived chemical abundances and the
solar abundances found by Grevesse & Sauval (1998) for the classic Am stars
HD 4321, HD 125658, and HD 154713. HD 33266 is a classical Am star
studied by Caligkan et al. (2015).
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Figure 4. The differences between our derived chemical abundances and the
solar abundances found by Grevesse & Sauval (1998) for the marginal Am
stars HD 137928 and HD 159834. HD 185658 is a marginal Am star studied
by Trust et al. (2021).
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5.1.2 HD 26553

HD 26553 was listed as A4III by Cowley et al. (1969). de Bruijne &
Eilers (2012) and Brandt (2021) reported a radial velocity of
—24.9 kms~'. Royer et al. (2002) measured v sin i as 18 kms~!. We
determined the atmospheric parameters of HD 26553 as follows: Tes
= 8350 K, log g =2.2,and £ = 1.9 kms~!. We measured v sin i
and Vielio as 12 and 22 km s ™!, respectively. With [Ca/H] = 0.04 dex,
[Sc/H] = —0.13 dex, and an average abundance of iron-peak and
heavy elements, the star exhibits solar-like abundances. The chemical
abundance pattern, shown in Fig. 2, does not show Am characteristics
and is consistent with the pattern of normal A-type stars. The
physical parameters were estimated as mass = 5.1 £ 0.3 Mg, age =
90 £ 5 Myr, and radius = 20.3 &= 2.2 Rg. The HR diagram reveals
that HD 26553 is a post-terminal-age main sequence (TAMS) star.

5.2 Classical Am stars

5.2.1 HD 4321

HD 4321 was listed as an A2III star in the HD catalogue of
Cannon & Pickering (1993). The star’s radial velocity was measured
as —8.3 kms~! (de Bruijne & Eilers 2012; Brandt 2021). McDonald
et al. (2012) reported an effective temperature of 7787 K and a
luminosity of 50.05 Ly (log (L/Lg) = 1.70). Royer et al. (2002)
measured v sin i as 24 kms~'. We measured the star’s Te, log g,
and £ as 8500 K, 4.00, and 3.00 kms~', respectively. We measured
the v sin i and Vieo of HD 4321 as 24 and —7.6 kms~'. Its [Ca/H]
and [Sc/H] values were found to be underabundant with respect to
the solar abundances by —0.16 and —0.55 dex, respectively. The
star exhibits an overabundance (on average) in iron-peak and rare-
earth elements with respect to the solar abundances. Its chemical
abundance pattern, shown in Fig. 3, implies a classical Am star. The
mass of HD 4321 was estimated as 2.00 = 0.08 M. We estimated
the age and radius as 625 + 60 Myr and 3.40 £ 0.30 R, respectively.

5.2.2 HD 125658

This target was first noted as an Am-type candidate by Bertaud
(1958). Cowley et al. (1969) classified HD 125658 as ASIIL It
was listed as an A2 star in the HD catalogue (Cannon & Pickering
1993). de Bruijne & Eilers (2012) and Brandt (2021) measured the
radial velocity as 1.3 kms~'. McDonald et al. (2012) derived T,
as 8123 K and the luminosity as 17.9 Ly (log (L/Lg) = 1.25).
David & Hillenbrand (2015) reported 7 as 8430 K, log g as 4.27,
the mean age from 1D posterior as 581 Myr, and the mass as 1.9 M.
From 2D linear interpolation, the age and mass were measured as
363 Myr and 1.78 Mg, respectively. Royer et al. (2002) measured
a v sin i of 26 kms~!. We measured the atmospheric parameters of
HD 125658 as Ty = 8800 K, log g =4.60, and £ =5.07 kms~!. Its
v sin i and heliocentric radial velocity Vi, Were derived as 26 and
1.66 kms~'. HD 125658 has characteristic abundances consistent
with the abundance of classical Am-type stars. The underabundance
of Ca at —0.11 and Sc at —0.41 and the overabundance pattern in
iron-peak and heavy elements with respect to the solar abundances
are shown in Fig. 3. We note that the star has significantly higher iron,
nickel, copper, and zinc abundances than the other two Am-type sam-
ples. The mass, age, and radius were estimated as 1.75 £ 0.06 Mg,
370 & 40 Myr, and 1.80 £ 0.20 Rg, respectively.

€202 aunr 0 uo Jasn A LISYIAINN VHVMNY Ad 05€690./669€/€/ | 2G/2I01e/Selut/wod dno-dlwapese//:sdyy woly papeojumod


art/stad662_f2.eps
art/stad662_f3.eps
art/stad662_f4.eps

Chemical anomaly search ~ 3705

Table 7. The logarithmic effective temperature log Tefr (this study), E(B — V) (Kervella et al. 2019), bolometric
correction BC (Torres 2010), absolute magnitude My (this study), parallax = (Gaia Collaboration 2020), and luminosity

log(L/L) (this study).

Star name log Teft 7 (mas) EB-YV) BC My log(L/Lg)

HD 2924 3.9370 [0.0075] 4.3978 [0.0292] 0.040 —0.0156 —0.2078 1.9453 [0.0100]
HD 4321 3.9294 [0.0076] 5.9672 [0.0209] 0.034 —0.0001 0.2834 1.7427 [0.0078]
HD 26553 3.9217 [0.00771] 1.5391 [0.0370] 0.170 0.0120 —3.5107 3.2555 [0.0215]
HD 125658  3.9445[0.0072] 11.9629 [0.1441] 0.007 —0.0341 1.6918 1.1929 [0.0147]
HD 137928  3.9590 [0.0071] 8.1997 [0.0243] 0.014 —0.0341 0.9556 1.5051 [0.0111]
HD 154713  3.9217 [0.0077] 6.3445 [0.0227] 0.021 0.0120 0.3878 1.6961 [0.0070]
HD 159834  3.9217 [0.0077] 6.4269 [0.1041] 0.023 0.0120 0.0687 1.8237 [0.0153]

Table 8. The masses, ages, and radii of the target stars.

Star name Mass [Mg] Age [Myr] Radius [Rp]
HD 2924 2.40 [0.09] 490 [40] 04.20 [0.40]
HD 4321 2.00 [0.08] 625 [50] 03.40 [0.30]
HD 26553 5.10 [0.30] 090 [05] 20.30 [2.20]
HD 125658 1.75 [0.06] 370 [40] 01.80 [0.20]
HD 137928 2.00 [0.07] 550 [50] 02.30 [0.25]
HD 154713 2.00 [0.08] 675 [60] 03.40 [0.30]
HD 159834 2.20 [0.07] 600 [50] 03.90 [0.40]

5.2.3 HD 154713

HD 154713 was listed as an AO star in the HD catalogue (Cannon &
Pickering 1993). The spectral type of HD 154713 was classified as
A3IV (Cowley et al. 1969). Zorec & Royer (2012) measured T as
8550 K (log Teir = 3.932) and reported log (L/Lg) = 1.81, mass
=2.52 M, and a rotational velocity of 39 kms~'. McDonald et al.
(2012) measured Tefr as 7954 K and reported a luminosity of 47.48 L,
(log (L/'Lg) = 1.679). de Bruijne & Eilers (2012) and Brandt
(2021) reported a radial velocity of —8.7 kms~'. We determined
the atmospheric parameters of HD 154713 as Ty = 8350K, log g =
3.50,and & =3.00 kms~!. We derived the values of v sin i and Vo
as 39 and —6.30 kms~!, respectively. The abundance of calcium is
—0.31 dex and that of scandium —0.54 dex. The iron-peak and heavy
element abundances are slightly overabundant with respect to solar;
hence, HD 154713 is consistent with classical Am-type stars. The
abundance pattern is shown in Fig. 3. We estimated the mass, age,
and radius as 2.00 £ 0.08 Mg, 675 £ 60 Myr, and 3.40 + 0.40 R,
respectively.

5.3 Marginal Am stars

5.3.1 HD 137928

This star was ascribed a spectral type A2 IV (Cowley et al. 1969).
Zorec & Royer (2012) measured T as 8649 K (log Teir = 3.937)
and reported log (L/Ly) = 1.744, mass = 2.45 Mg, and v sin
i = 34 kms~'. McDonald et al. (2012) measured T as 8637 K
and reported a luminosity of 32.62 Ly (log (L/Lg) = 1.513). de
Bruijne & Eilers (2012) and Brandt (2021) reported a radial velocity
of —4.90kms~!. Kervella et al. (2019) measured the radial velocity
as —4.985kms~!. We determined the T.¢ of HD 137928 as 9100 K
and log g and & were measured as 3.8 and 4.03 km s~!, respectively.
The v sin i was determined as 34 kms~! and Vi as —3.9 kms™'.
The abundance of calcium is 0.11 dex and that of scandium is
—0.38 dex. The Ca abundance is nearly solar-like, while Sc is
slightly underabundant. Iron-peak and heavy elements have an over-
abundance, implying marginal Am star abundance characteristics.
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Figure 5. The position of target stars on the HR diagram. Evolutionary tracks
and isochrones are from Bressan et al. (2012).

HD 137928 has high iron, nickel, and zinc abundances. This makes
it a metal-rich star. The elemental abundance pattern of HD 137928
is shown in Fig. 4. Its mass was determined as 2.00 £+ 0.07 Mg.
HD 137928’s radius was measured as 2.30 & 0.25 R, at the age of
550 £ 50 Myr.

5.3.2 HD 159834

This star was first classified as A7III by Eggen (1962). Cowley et al.
(1969) reported the spectral type as A7IV. HD 159834 was listed as
an A2 star in the HD catalogue (Cannon & Pickering 1993). Zorec &
Royer (2012) measured its Terr as 7925 K (log Ter = 3.899) and
reported a luminosity of log (L/Lg) = 1.6256, amass of 2.29 Mg, and
a rotational velocity of 19 kms~!. McDonald et al. (2012) measured
Tetr as 7724 K and reported a luminosity of 34.94 L, (log (L/Lg)
= 1.54). de Bruijne & Eilers (2012) and Brandt (2021) reported a
radial velocity of —17 kms~!. Burkhart & Coupry (1991) measured
Ter, log g, and [Fe/H] as 8030 K, 3.7, and 0.1 dex, respectively.
Kervella et al. (2019) measured a radial velocity of —16.82 kms™!,
Finally, the atmospheric parameters of HD 159834 were determined
as Ter = 8350 K, log g = 3.9, and £ = 3.2 kms~'. We measured
v sin i and Vi as 14 and —16.20 km s~!. The calcium abundance
is —0.08 dex, while that of scandium is —0.27 dex. The abundances
are close to solar, with scandium slightly underabundant. The iron-
peak and heavy elements are moderately overabundant, implying
a marginal Am star. The elemental abundance pattern is shown in
Fig. 4. We determined the mass, age, and radius as 2.20 = 0.07 Mg,
600 £ 50 Myr, and 3.90 = 0.4 R, respectively.

MNRAS 521, 3699-3707 (2023)
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6 CONCLUSION

In this work, we present a chemical abundance analysis of seven
A-type stars, for which detailed abundance analyses are absent in
the literature, to search for their chemical anomalies. These stars
are slow-rotating A-type stars. Slow rotators were targeted because
rotational velocity is linked to the mixing process of stellar materials
that suppress the effect of chemical separation. We first obtained
fundamental atmospheric parameters and velocities for each target,
including the effective temperature (7.), surface gravity (log g),
metallicity [Fe/H], microturbulent velocity (&), rotational velocity
(v sin i), and radial velocity (Vo). We then performed a detailed
abundance analysis for each star, obtained its luminosity log (L/Lg),
and pinpointed its position in the HR diagram. Using evolutionary
tracks and isochrones, we estimated the masses and ages of the
targets. Using the T,¢ and luminosity values, we calculated the radii
of the stars. The present work is the first detailed abundance analysis
of these targets. Six of the targets are main-sequence stars, with
some of them near to the TAMS, while HD 26553 was revealed to
be a post-TAMS giant. Based on the spectral analysis, the resulting
chemical abundance patterns of five targets revealed that they are Am-
type stars, with HD 4321, HD 125658, and HD 154713 classified as
classical Am stars, while HD 137928 and HD 159834 were classified
as marginal Am stars. The abundance patterns of HD 2924 and
HD 26553 are consistent with those of normal A-type stars. Two
of our samples, HD 125658 (classified as a classical Am star) and
HD 137928 (classified as a marginal Am star), have high iron, nickel,
and zinc abundances. Their carbon, sodium, magnesium, sulphur,
scandium, vanadium, manganese, yttrium, and barium abundances
are very similar. They also have very similar atmospheric and
physical parameters. Considering all these similarities, these two
stars are among the most metal-rich Am stars. The HR diagram shows
that Am stars populate the main sequence. On average, based on
chemical separation theory, the main-sequence slow rotator HD 2924
is expected to exhibit Am characteristics. The presence of its non-
Am characteristics poses a challenge to the rotation effect on the
hypothesized chemical separation, which shows that there is a need
to study more such targets to explore the origin of their peculiarity
and their interior processes.
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