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A B S T R A C T 

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 Coud ́e Echelle Spectrograph at the T ̈UB ̇ITAK 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, o v erab undant hea vier elements, and moderate o v erabundance 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. 

Key words: stars: abundances – stars: chemically peculiar – techniques: spectroscopic – instrumentation: spectrographs. 
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 I N T RO D U C T I O N  

n the course of stellar evolution, stars inherit the chemical com- 
osition of their birthplace; ho we ver, the atmospheric chemical 
b undance distrib ution changes o v er time due to poorly understood
nternal stellar processes. The warmer post zero-age main sequence 
ZAMS) mid-massive stars, corresponding to mid-B to early-F 

pectral types, attract particular attention, since a substantial fraction 
xhibit chemical abundance anomalies, which reflect these internal 
rocesses. Detailed chemical abundance analysis of these stars is 
ssential, since it potentially provides a basis for understanding such 
henomena. Chemically peculiar (CP) metallic-line (Am) stars are 
he typical targets for these studies. CP stars are characterized by 
nhanced absorption lines (Preston 1974 ; Monier 2019 ). Am stars
re A- to early F-type stars sharing the same region as normal A-type
tars, with ef fecti ve temperature ( T eff ) between 7000 and 9000 K.
hey lie in the cooler portion of main-sequence CP stars. Am stars
ere first recognized as a group by Titus & Morgan ( 1940 ). Preston

 1974 ) classified CP stars into four groups, with Am stars being the
P1 group. Am stars are characterized by three spectral characteris- 

ics: the strength of their Balmer lines; their Ca II K lines, which are
eaker than those of normal A-type stars with the same temperature; 

nd their enhanced metallic lines relative to their normal counterparts. 
n typical Am star spectra, the intensity of the Ca II K line is weaker
han that of the Balmer lines and resembles an earlier spectral type.
he metallic lines are more intense and resemble a later spectral type

Roman, Morgan & Eggen 1948 ). Abt & Morgan ( 1976 ) stated that
he Ca II K line in the spectra of such stars resembles the spectral
ype at least five subtypes earlier. Am stars with Ca II K and metallic
 E-mail: nasolo@ankara.edu.tr 
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ines differing by less than five subtypes are referred to as marginal
m stars (Trust et al. 2021 ). Underabundance of Sc II and/or Ca II is a
isco v ery criterion for this class (Michaud, Alecian & Richer 2015 ).
ased on observational statistics, the majority of Am stars are slow

otators (Fossati et al. 2008 ). This supports the hypothesis of chemical
eparation due to radiati ve dif fusion and gravitational settling, since
low rotation is expected not to destroy the separation phenomenon 
Michaud et al. 2015 ). Chemical separation requires calm atmo- 
pheres, which are expected given the slow rotation of these stars
Takeda et al. 2008 ; Fossati et al. 2008 ; Abt 2009 ). In close binaries,
low rotation is associated with tidal synchronization (Khokhlova 
981 ). Ho we ver, observ ations of lo w-rotating normal A-type stars
ose a challenge to this view of the impact of rotation. Normal A-
ype stars exhibit nearly solar abundances, with the heavier elements 
alling within the range of ±0.40 dex relative to the Sun (Adelman &
nsuree 2007 ). This work focuses on determining the chemical abun-
ances and fundamental parameters (e.g. ef fecti ve temperatures and 
urface gravities) of the sample stars in detail. The work is organized
s follows: Section 2 describes the target selection, observations, 
nd data reduction. We present the determination of atmospheric 
tellar parameters and the procedure used to perform the abundance 
nalysis in Section 3 . The evolutionary status of the stars is shown
y employing the Hertzsprung–Russell (HR) diagram in Section 4 . 
e discuss the results in Section 5 and we conclude in Section 6 . 

 OBSERVA  T I O N  DA  TA  

.1 Target selection 

ne of the dominant mixing processes that suppresses the effect 
f chemical separation in atomic diffusion is linked to rotational 
elocity. A statistical analysis of observations suggests that all 
is is an Open Access article distributed under the terms of the Creative 
h permits unrestricted reuse, distribution, and reproduction in any medium, 
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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 Å) 

HD 2924 6.700 [0.009] 4500 ×2 2457676.37750 297 
HD 4321 6.510 [0.009] 4500 × 2 2457675.50366 250 
HD 26553 6.080 [0.009] 4500 × 2 2455554.33347 287 
HD 125658 6.445 [0.010] 4500 × 1 2458232.38508 115 
HD 137928 6.430 [0.010] 4500 × 2 2458233.33802 280 
HD 154713 6.441 [0.010] 4500 × 2 2458234.41497 302 
HD 159834 6.100 [0.010] 4500 × 2 2458232.51027 362 

m  

e  

(  

v  

o  

d  

e  

W  

r  

t

2

F  

d  

1  

O
8  

b  

l  

T  

t  

t  

s  

w  

r  

fi  

s  

c  

t  

a  

d  

s  

w  

f  

o  

p  

s  

l  

e

3
C

S  

d  

b  

a  

s

Figure 1. A sample of normalized orders of the target stars and some of the 
identified unblended lines used for chemical abundance determination. 
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ain-sequence stars of the targeted temperature regime with
quatorial rotational velocities less than 80 km s −1 are Am /Fm stars
Abt 2000 ). Abt & Moyd ( 1973 ) initially reported that the equatorial
 elocity of observ ed CP1 stars is less than 120 km s −1 . This
bservation is consistent with chemical separation due to atomic
iffusion occurring when the He II convection zone disappears at
quatorial velocities lower than 70 −120 km s −1 (Michaud 1982 ).
e therefore selected targets in this temperature regime with low

otation velocities ( v sin i < 70 km s −1 ) and chemical abundances
hat have not been derived previously. 

.2 Obser v ations and data reduction 

or this study, we used the high-resolution R ∼ 40 000 spectroscopic
ata obtained by the Coud ́e Echelle Spectrograph attached to the
.5-m Russian–Turkish Telescope (RTT-150) at T ̈UB ̇ITAK National
bservatory (TUG). The spectra co v er a wav elength range of 3900–
770 Å. Along with the target star’s spectra, each observation run
egan with acquiring calibration frames and arc spectra: the halogen
amp for flat-fielding and the Th–Ar lamp for wavelength calibration.
able 1 lists the observation log of our targets, including observation

imes, exposure times, numbers of co-added spectra, and signal-
o-noise ratios (SNR). The raw spectra were reduced using IRAF ’s
tandard reduction routines. Initially, image header information
as methodized to allow processing in the IRAF environment. The

eduction process started with bias subtraction followed by flat-
elding. The next step was the removal of scattered light from
tar spectra. Using the Th–Ar spectra, we conducted wavelength
alibration and lastly performed cosmic-ray removal. We measured
he Doppler shift of the spectra using unblended moderately strong
bsorption lines. Then the heliocentric radial velocities ( V helio ) were
etermined and necessary Doppler corrections were applied to all
pectra. For six of the targets, we acquired two spectral frames, which
ere combined to impro v e the SNR. We could not acquire a second

rame for HD 125658 due to adverse weather. The echelle orders
f the spectra were normalized according to spline-fitted continuum
oints. Fig. 1 shows a sample of normalized orders of the spectra of
tars at about 5100 Å , as well as some of the identified unblended
ines used for chemical abundance determination. The lines clearly
xhibit the broadening effect of rotational velocity. 

 ATMO SPH ER E  PA R A M E T E R S  A N D  

H E M I C A L  A BU N DA N C E S  

pectroscopy and photometry are the traditional methods used to
etermine stellar atmospheric parameters. In this work, we employed
oth methods. We used the photometric method to find the initial
tmospheric parameters, then we refined the parameters with the
pectroscopic method. 
NRAS 521, 3699–3707 (2023) 
.1 Line identification and equi v alent-width measurement 

e used line lists from the Kurucz line database (Kurucz & Bell
995 ) and the Vienna Atomic Line Database (Piskunov et al. 1995 ;
upka et al. 1999 ; Ryabchikova et al. 1999 ). Line identification and

qui v alent-width measurements of the atomic species found in the
pectra of the target stars were implemented through an Interactive
ata Language (IDL) visualization program, BINMAG6 (Kochukhov
018 ). Equi v alent-width measurements were performed by Gaussian
rofile fitting of the lines. Table 2 lists the spectral lines measured. 

.2 Stellar parameters 

hotometric stellar parameters were determined using the Str ̈omgren
bvy β photometric indices of Paunzen ( 2015 ). The photometric data
ere used in the calibrations performed by Napiwotzki, Schoen-
erner & Wenske ( 1993 ) to determine the T eff and surface gravity (log
 ) of each target. These calibrations have systematic and statistical
rrors of 200 K for T eff and 0.10 dex for log g (Napiwotzki et al.
993 ). The computed stellar parameters are given in Table 3 . 
Spectroscopic atmospheric parameters determination: One of the

lassic methods used to yield the ef fecti ve temperature spectroscop-
cally is to employ Fe I lines throughout the stellar spectrum and
terate the ef fecti ve temperature until their abundances show no
rend with the excitation potential (EP) of each line. In contrast with
hotometric methods, no reddening information is needed for this
echnique; ho we ver, high-resolution spectra with a resolving power
f R ∼λ/ �λ ≥ 15 000 are required, preferably with wide wavelength
o v erage throughout the optical range (Frebel et al. 2013 ). The
ifferent methods are known to produce temperatures with systematic

art/stad662_f1.eps
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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 Equi v alent width (pm) 
(nm) HD 2924 HD 4321 HD 26553 HD 125658 HD 137928 HD 154713 HD 159834 

C I 477.0027 −2.722 . . . . . . . . . . . . . . . . . . 01.50 
C I 477.1742 −2.120 . . . 06.46 . . . 05.87 02.93 03.78 04.22 
C I 477.5897 −2.163 02.98 05.38 01.60 03.09 . . . . . . . . . 
C I 493.2049 −1.884 04.45 06.89 03.04 03.56 . . . 02.74 02.90 
C I 502.3849 −2.400 . . . 02.25 00.71 . . . . . . . . . 02.02 

Table 3. Photometrically determined stellar parameters. 

Star name T eff log g 
[K] [dex] 

HD 2924 8633 3.45 
HD 4321 7659 3.27 
HD 26553 7783 2.41 
HD 125658 7966 3.94 
HD 137928 8382 3.81 
HD 154713 8217 3.63 
HD 159834 7799 3.57 
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ffsets from each other. We used the photometrically determined 
tmospheric parameters ( T eff , log g ) to construct initial model
tmospheres used in the EP method, where T eff was derived from the
xcitation equilibrium of the Fe I lines. The models were constructed 
sing ATLAS9 (Kurucz 1993a ). Depending on the T eff derived from
he EP method, we derived the stellar surface gravities through Fe I–
I ionization equilibrium. The log g value was determined from the 
alance of abundances derived from individual Fe I–II while the value 
f log g was iterated. The microturbulent velocity ( ξ ) was calculated
y adopting the values that produced no trend of equi v alent widths
ith abundances derived from individual Fe I lines. This allowed 

he chemical abundance of iron to be derived. We measured the v 
in i of the target stars by comparing the observed spectra with the
ynthetic spectra. The synthetic spectra were produced using SYNTHE 

Kurucz 2005b , 1993b ). All atmospheric parameters derived from 

pectroscopy are listed in Table 4 . 

.3 Abundance analysis 

e derived the abundance of each atomic species using the measured 
qui v alent widths in WIDTH9 (Kurucz 2005a ; Sbordone et al. 2004 ),
hich uses ATLAS9 model atmospheres to compute line formation 

n local thermodynamic equilibrium. We a v oided using lines of
qui v alent widths greater than 200 m Å for the abundance analysis
o a v oid the use of saturated lines, which bias the ab undances. We
ncluded hyperfine structure (HFS) splitting for the V , Sc, Mn, Y ,
nd Ba spectral lines. HFS split lines occur due to electromagnetic 
Table 4. Atmospheric parameters from spectroscopic analysis. 

Star name T eff log g [Fe/H
[K] [dex] [dex]

HD 2924 8650 ± 150 3.70 ± 0.10 0.12 ± 0
HD 4321 8500 ± 150 4.00 ± 0.10 0.14 ± 0
HD 26553 8350 ± 150 2.20 ± 0.10 0.08 ± 0
HD 125658 8800 ± 150 4.60 ± 0.10 0.41 ± 0
HD 137928 9100 ± 150 3.80 ± 0.10 0.42 ± 0
HD 154713 8350 ± 150 3.50 ± 0.10 0.18 ± 0
HD 159834 8350 ± 150 3.90 ± 0.10 0.13 ± 0
ultipole interaction between the nucleus and electrons, which arises 
rom the energy of the nuclear magnetic dipole moment interacting 
ith the magnetic field generated by the electrons and shifts the lines
f different isotopes. HFS has a small broadening effect, shifting 
he lines and altering their shape, which may lead to erroneous
nterpretations of spectra with the equi v alent-width method. 

To measure the abundance of HFS elements, we generated syn- 
hetic spectra using SYNTHE (Kurucz 1993b , 2005b ) with HFS line
ists from the Kurucz database and fitted them with the observed
pectra lines. The spectra generation includes broadening effects due 
o the instrumental profile and turbulent velocity. The abundance of 
he best fit between the observed and synthetic spectrum was adopted. 
he elemental ab undances ha ve random ( σ r ) and systematic errors.
he random errors are from the standard deviations of individual 
easurements. The systematic error of the chemical abundances due 

o atmosphere parameters is 

sys = 

√ 

σ 2 
T eff + σ 2 

log g + σ 2 
ξ . (1) 

he total error is 

tot = 

3 

√ 

σ 2 
sys + σ 2 

r / 
√ 

N , (2) 

here N is the number of lines used to derive the chemical
bundances. We present the elemental abundances along with the 
umber of lines and their total errors in Tables 5 and 6 . The solar
bundance (log ε�) values are taken from Grevesse & Sauval ( 1998 ).
igs 2 , 3 , and 4 show the differences from solar abundances with total
rror bars. The abundance patterns of HD 4321, HD 125658, and
D 154713 show an agreement with the abundance patterns of clas-

ical Am stars, with underabundant Ca and Sc, o v erab undant hea vier
lements, and moderate o v erabundance of iron-peak elements. We 
ompared these patterns with the classical Am HD 33266 studied 
y C ¸ alıs ¸kan et al. ( 2015 ). We find that HD 137928 and HD 159834
a ve ab undance characteristics similar to marginal Am-type stars. 
e also compared their patterns with the marginal Am HD 185658

KIC 9349245) from Trust et al. ( 2021 ). The chemical element
istributions of HD 2924 and the giant HD 26553 are consistent
ith the pattern of normal A-type stars. 
MNRAS 521, 3699–3707 (2023) 

] ξ V helio v sin i 
 [ km s −1 ] [ km s −1 ] [ km s −1 ] 

.18 2.60 ± 0.5 01.90 ± 0.25 30 ± 5 

.15 3.00 ± 0.5 -07.60 ± 0.70 24 ± 4 

.19 1.90 ± 0.5 -22.00 ± 2.60 10 ± 2 

.10 5.00 ± 0.5 01.70 ± 0.50 26 ± 5 

.12 4.00 ± 0.5 -03.90 ± 0.40 34 ± 5 

.15 3.00 ± 0.5 -06.30 ± 0.50 39 ± 5 

.20 3.20 ± 0.5 -16.20 ± 2.00 14 ± 3 

 2023
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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 ε [ x /H] log ε [ x /H] log ε�

C I 8.45 −0.07 ± 0.11 (6) 8.37 −0.15 ± 0.12 (19) 8.52 
N I 8.05 0.13 ± 0.04 (1) 8.20 0.28 ± 0.09 (2) 7.92 
O I 8.95 0.12 ± 0.04 (1) 8.91 0.08 ± 0.04 (8) 8.83 
Na I . . . . . . 6.54 0.21 ± 0.17 (3) 6.33 
Mg I 7.55 −0.03 ± 0.22 (4) 7.77 0.19 ± 0.19 (4) 7.58 
Mg II 7.62 0.04 ± 0.14 (1) 7.80 0.22 ± 0.26 (2) 7.58 
Al II . . . . . . 6.72 0.25 ± 0.05 (1) 6.47 
Si I . . . . . . 7.68 0.13 ± 0.15 (8) 7.55 
Si II 7.48 −0.07 ± 0.14 (2) 7.50 −0.05 ± 0.12 (2) 7.55 
S I . . . . . . 7.55 0.22 ± 0.15(6) 7.33 
K I . . . . . . 5.33 0.21 ± 0.18(1) 5.12 
Ca I 6.49 0.13 ± 0.19 (7) 6.40 0.04 ± 0.24 (17) 6.36 
Ca II . . . . . . 6.37 0.01 ± 0.13 (4) 6.36 
Sc II HFS 3.09 −0.08 ± 0.16 (3) 3.04 −0.13 ± 0.21 (11) 3.17 
Ti I . . . . . . 5.01 −0.01 ± 0.20 (4) 5.02 
Ti II 5.31 0.29 ± 0.26 (1) 4.99 −0.03 ± 0.19 (38) 5.02 
V II HFS 4.17 0.17 ± 0.22 (1) 4.02 0.02 ± 0.15 (9) 4.00 
Cr I 5.76 0.09 ± 0.26 (2) 5.72 0.05 ± 0.19(9) 5.67 
Cr II 5.85 0.18 ± 0.16 (10) 5.71 0.04 ± 0.17(39) 5.67 
Mn I HFS 5.30 −0.09 ± 0.16 (1) 5.29 −0.10 ± 0.19(8) 5.39 
Mn II HFS 5.30 −0.09 ± 0.04 (1) 5.26 −0.13 ± 0.07(7) 5.39 
Fe I 7.62 0.12 ± 0.18 (42) 7.58 0.08 ± 0.19(202) 7.50 
Fe II 7.64 0.14 ± 0.18 (46) 7.58 0.08 ± 0.11(102) 7.50 
Co II . . . . . . 5.15 0.23 ± 0.06(1) 4.92 
Ni I . . . . . . 6.19 −0.06 ± 0.17(20) 6.25 
Ni II . . . . . . 6.20 −0.05 ± 0.06(3) 6.25 
Cu I . . . . . . 4.53 0.32 ± 0.16(1) 4.21 
Zn I 4.83 0.23 ± 0.13 (1) 4.70 0.10 ± 0.17(2) 4.60 
Sr II 3.31 0.34 ± 0.37 (2) 3.44 0.47 ± 0.37(3) 2.97 
Y II HFS 2.62 0.38 ± 0.15 (1) 2.37 0.13 ± 0.17(5) 2.24 
Zr II 3.21 0.61 ± 0.32 (1) 2.75 0.15 ± 0.15(8) 2.60 
Ba II HFS 2.41 0.28 ± 0.24 (1) 2.43 0.30 ± 0.34(4) 2.13 
La II . . . . . . 1.61 0.44 ± 025(2) 1.17 
Ce II . . . . . . 1.72 0.14 ± 0.18(1) 1.58 
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 E VO L U T I O NA RY  STATUS  

o estimate the evolutionary status of the target stars, we pinpointed
heir positions precisely on the HR diagram given in Fig. 5 . This is
f particular importance, as it allowed us to investigate the region
ccupied by Am stars. With the help of isochrones and evolutionary
racks with solar metallicity (Bressan et al. 2012 ), we estimated the
tellar masses and ages. The luminosity ( L /L �) was calculated using
he standard technique. We obtained E ( B − V ) from the work of
ervella et al. ( 2019 ) and computed extinction with the standard
 xtinction la w, 

 V = 3 . 1 × E( B − V ) . (3) 

he bolometric correction (BC) was calculated using the
emperature-dependent function of Torres ( 2010 ). The absolute

agnitudes ( M V ) were determined using Gaia parallaxes (Gaia Col-
aboration 2020 ). The errors in luminosities are from uncertainties
n T eff , V -band indices, and Gaia parallaxes. Using the Stefan–
oltzmann law as in Montambaux ( 2018 ), we calculated the radius

rom the T eff and log ( L /L �) values. The E ( B − V ) values and
alculated parameters are listed in Table 7 . The masses, ages, and
adii determined are listed in Table 8 . 
NRAS 521, 3699–3707 (2023) 
 RESULTS  

.1 Normal A-type stars 

.1.1 HD 2924 

his star was classified as spectral type A2IV (Cowley et al. 1969 ).
orec & Royer ( 2012 ) measured T eff as 8730 K (log T eff = 3.941) and

eported log ( L /L �) = 2.3083, mass = 3.06 M �, and rotational veloc-
ty = 30 km s −1 . McDonald, Zijlstra & Boyer ( 2012 ) measured T eff 

s 7800 K and reported a luminosity of 134.59 (log( L /L �) = 2.129).
uflot et al. ( 1995 ) measured a radial velocity of 1.9 km s −1 , whereas
e Bruijne & Eilers ( 2012 ) and Brandt ( 2021 ) reported a radial veloc-
ty of 2.1 km s −1 . In this study, we measured the fundamental param-
ters of HD 2924 as T eff = 8650 K, log g = 3.7, and ξ = 2.60 km s −1 .
e derived v sin i and V helio as 30 and 1.90 km s −1 , respectively. The

bundance of calcium is 0.13 dex and that of scandium −0.08 dex.
he iron-peak and heavy elements do not show significant o v erabun-
ance, as we would expect for Am stars, hence we classified HD 2924
s a normal A-type star. The elemental abundance distribution of
D 2924 is shown in Fig. 2 . We estimated the mass, age, and radius

s 2.40 ± 0.09 M �, 490 ± 60 Myr, and 4.20 ± 0.40 R �, respectively.
he difference between the calculated luminosity in this study and

he luminosity given in Zorec & Royer ( 2012 ) is due largely to the
arallax 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. 

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 C ¸ alıs ¸kan et al. ( 2015 ). 

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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.1.2 HD 26553 

D 26553 was listed as A4III by Cowley et al. ( 1969 ). de Bruijne &
ilers ( 2012 ) and Brandt ( 2021 ) reported a radial velocity of
24.9 km s −1 . Royer et al. ( 2002 ) measured v sin i as 18 km s −1 . We

etermined the atmospheric parameters of HD 26553 as follows: T eff 

 8350 K, log g = 2.2, and ξ = 1.9 km s −1 . We measured v sin i
nd V helio as 12 and 22 km s −1 , respectively. With [Ca/H] = 0.04 dex,
Sc/H] = −0.13 dex, and an average abundance of iron-peak and
eavy elements, the star exhibits solar-like abundances. The chemical
bundance pattern, shown in Fig. 2 , does not show Am characteristics
nd is consistent with the pattern of normal A-type stars. The
hysical parameters were estimated as mass = 5.1 ± 0.3 M �, age =
0 ± 5 Myr, and radius = 20.3 ± 2.2 R �. The HR diagram reveals
hat HD 26553 is a post-terminal-age main sequence (TAMS) star. 

.2 Classical Am stars 

.2.1 HD 4321 

D 4321 was listed as an A2III star in the HD catalogue of
annon & Pickering ( 1993 ). The star’s radial velocity was measured
s −8.3 km s −1 (de Bruijne & Eilers 2012 ; Brandt 2021 ). McDonald
t al. ( 2012 ) reported an ef fecti ve temperature of 7787 K and a
uminosity of 50.05 L � (log ( L /L �) = 1.70). Royer et al. ( 2002 )
easured v sin i as 24 km s −1 . We measured the star’s T eff , log g ,

nd ξ as 8500 K, 4.00, and 3.00 km s −1 , respectively. We measured
he v sin i and V helio of HD 4321 as 24 and −7.6 km s −1 . Its [Ca/H]
nd [Sc/H] values were found to be underabundant with respect to
he solar abundances by −0.16 and −0.55 de x, respectiv ely. The
tar exhibits an overabundance (on average) in iron-peak and rare-
arth elements with respect to the solar abundances. Its chemical
bundance pattern, shown in Fig. 3 , implies a classical Am star. The
ass of HD 4321 was estimated as 2.00 ± 0.08 M �. We estimated

he age and radius as 625 ± 60 Myr and 3.40 ± 0.30 R �, respectively.

.2.2 HD 125658 

his target was first noted as an Am-type candidate by Bertaud
 1958 ). Cowley et al. ( 1969 ) classified HD 125658 as A5III. It
as listed as an A2 star in the HD catalogue (Cannon & Pickering
993 ). de Bruijne & Eilers ( 2012 ) and Brandt ( 2021 ) measured the
adial velocity as 1.3 km s −1 . McDonald et al. ( 2012 ) derived T eff 

s 8123 K and the luminosity as 17.9 L � (log ( L /L �) = 1.25).
avid & Hillenbrand ( 2015 ) reported T eff as 8430 K, log g as 4.27,

he mean age from 1D posterior as 581 Myr, and the mass as 1.9 M �.
rom 2D linear interpolation, the age and mass were measured as
63 Myr and 1.78 M �, respectively. Royer et al. ( 2002 ) measured
 v sin i of 26 km s −1 . We measured the atmospheric parameters of
D 125658 as T eff = 8800 K, log g = 4.60, and ξ = 5.07 km s −1 . Its
 sin i and heliocentric radial velocity V helio were derived as 26 and
.66 km s −1 . HD 125658 has characteristic abundances consistent
ith the abundance of classical Am-type stars. The underabundance
f Ca at −0.11 and Sc at −0.41 and the o v erabundance pattern in
ron-peak and heavy elements with respect to the solar abundances
re shown in Fig. 3 . We note that the star has significantly higher iron,
ickel, copper, and zinc abundances than the other two Am-type sam-
les. The mass, age, and radius were estimated as 1.75 ± 0.06 M �,
70 ± 40 Myr, and 1.80 ± 0.20 R �, respectively. 

art/stad662_f2.eps
art/stad662_f3.eps
art/stad662_f4.eps
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Table 7. The logarithmic ef fecti ve temperature log T eff (this study), E ( B − V ) (Kervella et al. 2019 ), bolometric 
correction BC (Torres 2010 ), absolute magnitude M V (this study), parallax π (Gaia Collaboration 2020 ), and luminosity 
log( L /L �) (this study). 

Star name log T eff π (mas) E ( B − V ) BC M V log( L /L �) 

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 [0.0077]] 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 [M �] Age [Myr] Radius [R �] 

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] 
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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 ). 
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.2.3 HD 154713 

D 154713 was listed as an A0 star in the HD catalogue (Cannon &
ickering 1993 ). The spectral type of HD 154713 was classified as
3IV (Cowley et al. 1969 ). Zorec & Royer ( 2012 ) measured T eff as
550 K (log T eff = 3.932) and reported log ( L /L �) = 1.81, mass
 2.52 M �, and a rotational velocity of 39 km s −1 . McDonald et al.

 2012 ) measured T eff as 7954 K and reported a luminosity of 47.48 L �
log ( L /L �) = 1.679). de Bruijne & Eilers ( 2012 ) and Brandt
 2021 ) reported a radial velocity of −8.7 km s −1 . We determined
he atmospheric parameters of HD 154713 as T eff = 8350 K, log g =
.50, and ξ = 3.00 km s −1 . We derived the values of v sin i and V helio 

s 39 and −6.30 km s −1 , respectively. The abundance of calcium is
0.31 dex and that of scandium −0.54 dex. The iron-peak and heavy

lement abundances are slightly o v erabundant with respect to solar;
ence, HD 154713 is consistent with classical Am-type stars. The 
bundance pattern is shown in Fig. 3 . We estimated the mass, age,
nd radius as 2.00 ± 0.08 M �, 675 ± 60 Myr, and 3.40 ± 0.40 R �,
espectively. 

.3 Marginal Am stars 

.3.1 HD 137928 

his star was ascribed a spectral type A2 IV (Cowley et al. 1969 ).
orec & Royer ( 2012 ) measured T eff as 8649 K (log T eff = 3.937)
nd reported log ( L /L �) = 1.744, mass = 2.45 M �, and v sin
 = 34 km s −1 . McDonald et al. ( 2012 ) measured T eff as 8637 K
nd reported a luminosity of 32.62 L � (log ( L /L �) = 1.513). de
ruijne & Eilers ( 2012 ) and Brandt ( 2021 ) reported a radial velocity
f −4.90 km s −1 . Kervella et al. ( 2019 ) measured the radial velocity
s −4.985 km s −1 . We determined the T eff of HD 137928 as 9100 K
nd log g and ξ were measured as 3.8 and 4.03 km s −1 , respectively.
he v sin i was determined as 34 km s −1 and V helio as −3.9 km s −1 .
he 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

lightly underabundant. Iron-peak and heavy elements have an over- 
bundance, implying marginal Am star abundance characteristics. 
D 137928 has high iron, nickel, and zinc abundances. This makes
t a metal-rich star. The elemental abundance pattern of HD 137928
s shown in Fig. 4 . Its mass was determined as 2.00 ± 0.07 M �.
D 137928’s radius was measured as 2.30 ± 0.25 R � at the age of
50 ± 50 Myr. 

.3.2 HD 159834 

his star was first classified as A7III by Eggen ( 1962 ). Cowley et al.
 1969 ) reported the spectral type as A7IV. HD 159834 was listed as
n A2 star in the HD catalogue (Cannon & Pickering 1993 ). Zorec &
oyer ( 2012 ) measured its T eff as 7925 K (log T eff = 3.899) and

eported a luminosity of log ( L /L �) = 1.6256, a mass of 2.29 M �, and
 rotational velocity of 19 km s −1 . McDonald et al. ( 2012 ) measured
 eff as 7724 K and reported a luminosity of 34.94 L � (log ( L /L �)
 1.54). de Bruijne & Eilers ( 2012 ) and Brandt ( 2021 ) reported a

adial velocity of −17 km s −1 . Burkhart & Coupry ( 1991 ) measured
 eff , log g , and [Fe/H] as 8030 K, 3.7, and 0.1 de x, respectiv ely.
ervella et al. ( 2019 ) measured a radial velocity of −16.82 km s −1 .
inally, the atmospheric parameters of HD 159834 were determined 
s T eff = 8350 K, log g = 3.9, and ξ = 3.2 km s −1 . We measured
 sin i and V helio as 14 and −16.20 km s −1 . The calcium abundance
s −0.08 dex, while that of scandium is −0.27 dex. The abundances
re close to solar, with scandium slightly underabundant. The iron- 
eak and heavy elements are moderately o v erabundant, implying 
 marginal Am star. The elemental abundance pattern is shown in
ig. 4 . We determined the mass, age, and radius as 2.20 ± 0.07 M �,
00 ± 50 Myr, and 3.90 ± 0.4 R �, respectively. 
MNRAS 521, 3699–3707 (2023) 
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 C O N C L U S I O N  

n this work, we present a chemical abundance analysis of seven
-type stars, for which detailed abundance analyses are absent in

he literature, to search for their chemical anomalies. These stars
re slow-rotating A-type stars. Slow rotators were targeted because
otational velocity is linked to the mixing process of stellar materials
hat suppress the effect of chemical separation. We first obtained
undamental atmospheric parameters and velocities for each target,
ncluding the ef fecti ve temperature ( T eff ), surface gravity (log g ),

etallicity [Fe/H], microturbulent velocity ( ξ ), rotational velocity
 v sin i ), and radial velocity ( V helio ). We then performed a detailed
bundance analysis for each star, obtained its luminosity log ( L /L �),
nd pinpointed its position in the HR diagram. Using evolutionary
racks and isochrones, we estimated the masses and ages of the
argets. Using the T eff and luminosity values, we calculated the radii
f the stars. The present work is the first detailed abundance analysis
f these targets. Six of the targets are main-sequence stars, with
ome of them near to the TAMS, while HD 26553 was revealed to
e a post-TAMS giant. Based on the spectral analysis, the resulting
hemical abundance patterns of five targets revealed that they are Am-
ype stars, with HD 4321, HD 125658, and HD 154713 classified as
lassical Am stars, while HD 137928 and HD 159834 were classified
s marginal Am stars. The abundance patterns of HD 2924 and
D 26553 are consistent with those of normal A-type stars. Two
f our samples, HD 125658 (classified as a classical Am star) and
D 137928 (classified as a marginal Am star), have high iron, nickel,

nd zinc abundances. Their carbon, sodium, magnesium, sulphur,
candium, vanadium, manganese, yttrium, and barium abundances
re v ery similar. The y also hav e v ery similar atmospheric and
hysical parameters. Considering all these similarities, these two
tars are among the most metal-rich Am stars. The HR diagram shows
hat Am stars populate the main sequence. On average, based on
hemical separation theory, the main-sequence slow rotator HD 2924
s expected to exhibit Am characteristics. The presence of its non-
m characteristics poses a challenge to the rotation effect on the
ypothesized chemical separation, which shows that there is a need
o study more such targets to explore the origin of their peculiarity
nd their interior processes. 
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