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Abstract

Investigating chemically peculiar pulsating stars is crucial for understanding the pulsation driving mechanism in detail. To reveal the true pecu-
liarity properties of stars, detailed spectroscopic analysis is essential. Therefore, in this study, we focused on § Scuti stars previously identified
as chemically peculiar but which needed comprehensive updated spectroscopic analysis to uncover their chemical abundance structure. We se-
lected 10 targets which have publicly available high-resolution spectroscopic and photometric data. Performing spectral analyses, we determined
the spectral classification, atmospheric parameters, and detailed chemical abundance distributions of the selected stars. The pulsation proper
ties were also analyzed using TESS data, and pulsation modes for the highest amplitude pulsation frequencies were derived. We estimated the
masses and ages of the targets using the evolutionary tracks and isochrones. As a result of our study, we show that only three targets exhibit
chemical peculiarity: AU Scl and FG Eri as metallic A (Am) stars, and HZ Vel as a A Bootis. However, others were found to be chemically normal

stars. This study show us the importance of chemical abundance analysis in the classification of chemical peculiar stars.
Keywords: stars: chemically peculiar —stars: fundamental parameters — stars: oscillations — stars: variables: delta Scuti

1 Introduction

Stars that exhibit chemical abundance patterns different from
the solar abundance are known as chemically peculiar stars.
There are various types of chemically peculiar stars, ranging
from spectral types B to F, and they can primarily be classi-
fied on the basis of their magnetic field properties. Accord-
ing to Preston (1974), chemically peculiar stars can be catego-
rized into four main classes: metallic A (Am), Ap, HgMn, and
helium-weak stars. Additionally, there are other subclasses of
chemically peculiar stars, such as A Bootis stars (Faraggiana &
Gerbaldi 1998) and helium-strong objects (Pedersen & Thom-
sen 1977). The Am, Ap, and A Bootis stars share a similar
temperature type, approximately between A and F (Paunzen
2024), but they exhibit distinct chemical compositions. Am
stars show an overabundance of iron-peak elements while
having weak Ca and Sc lines (Conti 1970). The chemical pecu-
liarities in Am stars are thought to be mainly caused by diffu-
sion of elements and the loss of the outer convection zone due
to helium settling (Théado et al. 2005; Auriére et al. 2010). Ap
stars exhibit an overabundance of certain elements such as Eu,
St, and Cr and they are known by their strong magnetic fields
(Gray & Corbally 2009; Alecian 2015). The chemical pecu-
liarity in these systems is caused by the magnetic diffusion pro-
cesses which tend to raise certain chemical elements to accu-
mulate near the magnetic poles (Alecian 2015). In contrast of
Am and Ap stars, A Bootis stars display a metal-deficient atmo-
spheric structure (Faraggiana & Gerbaldi 1998). In the case
of A Bootis stars, their peculiar chemical patterns are thought
to result from the accretion of material from the interstellar
medium (Kamp & Paunzen 2002).

Some chemically peculiar stars were found to display oscil-
lations (Smalley et al. 2011; Murphy & Paunzen 2017). One
such class is the § Scuti variables, which are A-F type stars
pulsating in the frequency range of ~5-80 d~' with pressure
and mixed modes (Breger 2000; Aerts et al. 2010; Chang et al.
2013). These variables lie within their own instability strip,
overlapping with the instability domain of y Doradus stars. y
Doradus stars, typically F-type, oscillate at lower frequencies
(below 5 d=') in gravity modes (Kaye et al. 1999). Within the
overlapping region of the instability strips of these pulsating
stars, hybrid pulsators, which simultaneously exhibit the pul-
sation characteristics of both types of variables, are located
(Handler & Shobbrook 2002; Uytterhoeven et al. 2011).

Pulsations in Am stars were initially unexpected due to
atomic diffusion and gravitational element settling (Kurtz
1976; Turcotte et al. 2000). However, it is now well estab-
lished that many § Scuti and y Doradus stars exhibit chemical
peculiarities (Smalley et al. 2017; Niemczura et al. 2017; An-
toci et al. 2019). Investigating these peculiar pulsating stars
is crucial to understanding how chemical anomalies influence
oscillations. Smalley et al. (2017) studied a large sample of
8 Scuti Am stars using low-resolution LAMOST spectra and
ground-based photometric data from the WASP (the Wide
Angle Search for Planets). They found that § Scuti Am stars
are predominantly located near the cool edge of the § Scuti
instability strip. The effect of metallicity on pulsation was
also investigated in this study; however, no significant correla-
tion between oscillation properties and metallicity was found.
Moreover, § Scuti-type pulsations in Am stars could not be
fully explained by the conventional ¥ mechanism alone. In
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Table 1. Information about the targets.*

HD number Star name RA [°] Dec [°] V [mag] Spectral type Reference

1097 AU Scl 3.78 —29.01 9.05 A3/5mF0-F5 Houk (1982)

11956 FG Eri 28.95 -55.07 6.71 kFOhASmFOV Paunzen et al. (2001)

23194 V1187 Tau 56.00 24.56 8.07 A4-A7m Renson and Manfroid (2009)

75654 HZ Vel 132.47 —-39.14 6.37 hFOmASV Paunzen (2001)

95321 V527 Car 164.84 —58.12 9.10 A3mA7-A9 Houk and Cowley (1975)

104513 DP UMa 180.53 43.05 5.21 FOVam Rodriguez et al. (2000)

107513 KU Com 185.36 24.99 7.38 kA7hFOmFOIV Ghazaryan, Alecian, and Hakobyan (2018)

125081 MX Vir 214.42 —21.83 7.35 kF2hFSmFS51I Renson and Manfroid (2009)
F3 Sr Cr Eu

143232 10 Lup 240.19 —39.09 6.66 ASmAS-F2 Rodriguez et al. (2000)

213204 UV PsA 337.55 —30.44 8.39 Flm Smalley et al. (2011)

*The spectral types given in this table were taken from literature studies as cited in the last column.

Table 2. Observational information.*

Star name TESS sector Spectrograph S/N
AU Scl 29 HARPS 120
FG Eri 2,3,29,30,69 HARPS 190
V1187 Tau 42,43,44,70,71 HARPS 170
HZ Vel 8,9,35,62 HARPS 160
V527 Car 37 HARPS 140
DP UMa 22,49,76 SOPHIE 490
KU Com 22,49 ELODIE 210
MX Vir 1 HARPS 170
10 Lup 65 HARPS 160
UV PsA 1,28 HARPS 150

*The S/N (signal-to-noise) value for DP UMa is given considering the com-
bined spectrum as explained in section 2.

the study by Antoci et al. (2014), the pulsations in these stars
were explained for the first time by turbulent pressure, a result
later supported by Smalley et al. (2017). More recently, Mur-
phy et al. (2020b) and Diirfeldt-Pedros et al. (2024) provided
further evidence that pulsations in chemically peculiar stars
are more common than previously believed. Murphy et al.
(2020b) demonstrated that § Scuti type pulsations can exist
with rapid oscillations in magnetic Ap stars, even under signif-
icant helium depletion and moderate magnetic field strengths.
Additionally, Diirfeldt-Pedros et al. (2024) analyzed a large
sample of metallic A and F stars using the Transiting Exo-
planet Survey Satellite (TESS) and Gaia data and found that a
substantial fraction of them exhibit pressure mode pulsations.
Their results show that many of these pulsating chemically
peculiar stars are located near the main sequence and cluster
toward the red edge of the classical instability strip.

Even if some stars are classified as § Scuti Am in the lit-
erature (Rodriguez et al. 2000), many of their classifications
rely on photometric analysis and/or spectral analysis without
detailed chemical abundance studies and this may cause mis-
classifications. These results could negatively affect the inves-
tigation into pulsating chemically peculiar stars. Therefore,
to control peculiarity classification, we selected some target
stars for in-depth analysis to accurately determine their atmo-
spheric parameters and chemical compositions.

We determined the targets based on several criteria. They
were selected from the catalog of § Scuti stars (Chang et al.
2013) through a review of the literature. First, we focused
on & Scuti stars that are identified as chemically peculiar
based on their spectral types, and for which there is a need
of detailed spectroscopic study for determinations chemical
abundances of individual elements available in the literature.

Additionally, we only considered stars with available public
spectroscopic data. Following this process, a set of potential
targets was identified, and from this group, only those with
TESS data were selected to investigate pulsation properties in
detail with the same source of data for all targets. Information
about the targets is provided in table 1 and literature informa-
tion of the selected targets is given in the Appendix. The paper
is organized as follows. In section 2, details about photomet-
ric and spectroscopic data are given. The spectral analysis to
determine the spectral classification, atmospheric parameters,
and also the chemical abundances of individual elements is
presented in section 3. The photometric investigation is intro-
duced in section 4. Discussion and conclusions are given in the
last section, section 5.

2 Photometric and spectroscopic data

The TESS photometric data for the targets were used in the
analysis. TESS provides at least approximately 27 days of
data for each target, depending on the objects’s position in
the sky (Ricker et al. 2015). These photometric data are avail-
able in the Mikulski Archive for Space Telescopes (MAST),!
with varying fluxes and exposure lengths depending on the
specific TESS observations. The exposure times of the TESS
data are 120 s, 200 s, 600 s, and 1800 s. Since our targets
are § Scuti type pulsators with pulsation frequencies ranging
around from $ to 80 d~! (Rodriguez et al. 2000; Chang et al.
2013), and considering the Nyquist frequency of the TESS
data, we chose to use the 120 s TESS data for our analysis. We
selected the pre-search aperture photometry (PDCSAP) data
for the analysis (Ricker et al. 2015). The available TESS sector
data for our targets are listed in table 2. Since TESS pixels are
relatively large (21”), there is a possibility of contamination
from nearby sources. To minimize this, we examined the TESS
pixel-level data and ensured that the extracted flux predomi-
nantly originates from our target. Figure 1 shows an example
of a pixel file for one of our targets (V1187 Tau), where the
flux is clearly concentrated within the selected aperture and
no significant contamination from nearby sources is evident.

Spectroscopic data for the selected targets were retrieved
from public spectral databases. High-resolution spectra for
the targets were found in the European Southern Observa-
tory (ESO) Science Archive Facility (SAF, Romaniello et al.
2023),2 ELODIE,? and SOPHIE* archives. The ESO SAF  in-

L (https://mast.stsci.edu/).

2 (http://archive.eso.org/cms.html).
3 (http://atlas.obs-hp.fr/elodie/).

4 (http://atlas.obs-hp.fr/sophie/).
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Fig. 1. TESS target pixel file image for V1187 Tau. The color scale repre-
sents the flux intensity recorded in each pixel. The overplotted hatched
region indicates the photometric aperture used to extract the light curve,
centered on the main flux-contributing source.

cludes spectra taken with spectrographs attached to ESO tele-
scopes at the La Silla Paranal Observatory. One of the ESO
spectrographs is the High Accuracy Radial Velocity Planet
Searcher (HARPS), an échelle spectrograph with a resolving
power of 80000, which provides spectra within a wavelength
range of 378-691 nm (Mayor et al. 2003). The ELODIE and
SOPHIE échelle spectrographs were mounted on telescopes at
the Observatoire de Haute-Provence (OHP). These have res-
olutions of 42000 and 75000, respectively, and offer spectra
in the wavelength ranges 385-680 nm for ELODIE and 387-
694 nm for SOPHIE (Moultaka et al. 2004; Perruchot et al.
2008).

Except for DP UMa, all targets have only a single spectrum.
When DP UMa was selected for this study, six spectra taken
in 2020 were available in the SOPHIE archive. Therefore, we
used these six spectra in our analysis for this target. After col-
lecting the spectra of the targets they were normalized using
the SUPPNET program (Rézanski et al. 2022). After normal-
ization, the spectra of each target were examined for possi-
ble effects of a binary component (if present). In addition, a
cross-correlation technique was applied using the IRAF FX-
COR package (Tody 1986),° but no evidence of a secondary
component was found in the spectra. The normalized spectra
of DP UMa were combined to obtain a combined spectrum
with higher signal-to-noise ratio. The details about the spec-
troscopic data and the signal-to-noise (S/N) ratio of the spec-
tra are given in table 2.

3 Spectral analysis

The spectroscopic data of the targets were used to estimate
their atmospheric parameters such as effective temperature
(T.f), surface gravity (logg), chemical composition, and pro-
jected rotational velocity (vsini). With this information, we
can understand the chemical nature of the targets and reclas-
sify them based on their chemical compositions.

Before determining the atmospheric parameters and the
chemical composition, we performed spectral classification
for the targets. The spectral classification provides prelimi-
nary and crucial information about the stars’ chemical prop-
erties and atmospheric parameters (Gray & Corbally 2009;
Niemczura et al. 2014). The spectral classification was used
to estimate the temperature type (e.g., A0, A2) and lumi-

5 (https://iraf.readthedocs.io).

nosity class (e.g., V, IV) of the targets by comparing the ob-
served spectra with standard stars, as outlined in Gray and
Corbally (2009). During this process, we specifically com-
pared the hydrogen, metal, and Ca11 K lines (if available) to
ensure accurate classification, particularly for chemically pe-
culiar stars. This method is detailed in Kahraman Ali¢avus
etal. (2016). The estimated spectral classifications are listed in
table 3.

As observed from the spectral classifications, some stars ex-
hibit different temperature types depending on whether hy-
drogen (h), metal (m), or Ca11 K (k) lines are considered. If
there is a significant subclass difference between the temper-
ature types derived from metal and Ca11 K lines, and if the
metal lines suggest a cooler temperature type, the star is clas-
sified as a metallic-line (Am) star. Conversely, if the tempera-
ture type derived from the metal lines indicates a hotter type,
the star is categorized as a metal-weak star. According to the
spectral classification presented in table 3, AU Scl and FG Eri
appear to be exhibiting Am type spectral classification, while
HZ Vel seems a metal-weak star. Even though spectral clas-
sification provides an idea about the T.¢ values and chemical
structure of stars, it should be noted that this method is sub-
jective and involves higher uncertainties compared to spectral
analysis. Therefore, for a reliable classification of peculiarities,
determining the chemical abundance pattern of the stars is the
most accurate approach.

3.1 Determination of the atmospheric parameters

Before determining the spectroscopic atmospheric parameters,
to have an initial value for the T.4 and logg, we first esti-
mated the T.4 and logg parameters using photometric col-
ors. Since these colors are influenced by interstellar redden-
ing, E(B — V), we calculated these values using the dust map
from Green et al. (2019). After determining the E(B — V) val-
ues for each target, we gathered the photometric colors from
the Tycho-2 catalog (Heg et al. 2000), 2MASS catalog (Cutri
et al. 2003) and the Stroemgren—Crawford uvbyp photome-
try catalog (Paunzen 2015). We estimated the photometric T4
values from each of the collected photometric colors using the
studies of Sekiguchi and Fukugita (2000), Masana, Jordi, and
Ribas (2006), and Moon and Dworetsky (1985). The log g val-
ues were also computed from the #vbyB photometry based on
Moon and Dworetsky’s (1985) study. The estimated photo-
metric atmospheric parameters and E(B — V) values for each
target are listed in table 3.

These photometric atmospheric parameters were then used
as input for the spectroscopic analysis. In all spectroscopic
analyses, we utilized the ATLAS9 model atmospheres (Kurucz
1993) along with the SYNTHE code (Kurucz & Avrett 1981)
to generate synthetic spectra. Initially, hydrogen Balmer lines
were used to estimate Tg. If the star was hotter than 8000
K, the log g parameters were then determined, as the effect of
log g is negligible for stars cooler than 8000 K (Niemczura
et al. 2014). For these cooler stars we fixed the logg value
as 4.0. In the Balmer lines analysis, the best-fitting theoreti-
cal Balmer lines were determined using the method of Catan-
zaro, Leone, and Dall (2004). In addition to atmospheric pa-
rameter determination with the Balmer line analysis, we also
utilized the Saha-Boltzmann expression. According to this
expression, the abundances of an element derived from dif-
ferent ionizations or excitations of the element must be the
same. We utilized this idea and took into account the most
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Table 3. Updated spectral classfication, £(B — V) values, and atmospheric parameters derived from photometric indices.*

Star name Spectral class E(B—-V) T Y8 TV T, vop log g?#
[mag] [K] [K] (K] [cgs]
AU Scl kA4hA3mF31V/V 0.054 6770 +178 7410 £ 80 7200 £120 4.85+0.20
FG Eri kA7hA7mFO0V 0.010 8090 +£152 7700 +120 80504100 3.48+0.11
V1187 Tau A5/6 V 0.031 7890 + 145 7910 +120 8370 +100 4.37+0.15
HZ Vel hFOmASV 0.000 7540 +£160 7190 +100 8700+ 150 3.70+0.15
V527 Car A3/41V 0.043 8110£290 75004130
DP UMa FOIV 0.000 6800+155 7500+ 150 7400 +£120 4.10+0.12
KU Com FOV 0.000 7380 4£120 72304100 7270 £120 4.014+0.10
MX Vir kF3hFSmF5 IV-III 0.012 6575 +100 6440+ 80 6850+ 80 3.70+0.10
10 Lup FOIV 0.005 7595 +130 75804100 7760 £+ 100 3.754+0.13
UV PsA F2/1IV 0.060 7160 +170 7310 £135 7000 £ 90 3.77+0.12
*The standard error for E(B — V) is 0.002 mag.
Table 4. Atmospheric parameters obtained from hydrogen Balmer and iron (Fe) lines’ analysis.*
Star name T, Batmer T.qfe log g™ £ vsini log e (Fe)
(K] (K] [cgs] [km s™'] [km s']
AU Scl 7000 £ 200 7300 +£150 4440.2 2.6+0.2 67+4 8.01+0.17
FG Eri 77004200 78004200 4340.1 1.84£0.2 110+ 5 7.67+0.16
V1187 Tau 8000 £150 8100+ 100 4.0+0.1 2.3+0.2 3742 7.30+0.15
HZ Vel 7400 £150 7800 £100 4.0£0.1 3.1£0.2 4542 6.95+0.12
V527 Car 7300 £200 7700 £ 150 4.1+0.1 2.84+0.1 78+3 7.28+0.15
DP UMa 7000 £200 7100 £100 4.240.1 3.2+£0.2 7242 7.314£0.15
KU Com 7100 £200 7100 £ 150 4.0+0.1 3.0+0.1 64+3 7.29+0.14
MX Vir 7200 £100 7000 £+ 100 4.1+0.1 3.2+0.2 15+1 7.43+0.12
IO Lup 7500 £200 7500+ 100 4.0+0.1 2.5+0.1 18+2 6.12+0.38
UV PsA 7100 £150 7000 £+ 100 4.1+0.1 2.3+0.2 74+3 7.51+0.16
*The Fe/H value.
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Fig. 2. Theoretical spectral fits (red dashed lines) of the observed Hp lines (black solid lines) for two of our targets.

abundant lines of iron (Fe) due to the multitude of possible
transitions between energy levels in our stars’ T, range. Dur-
ing this analysis, the spectrum synthesis method was applied
and also the vsini values were estimated simultaneously. De-
tails about the analysis can be found in the study of Kahraman
Alicavus et al. (2016). The results of the spectroscopic anal-
ysis are listed in table 4, and the best-fitting theoretical spec-

tra to the Balmer lines are shown in figure 2 for two of our
targets.

3.2 Analysis of chemical abundances

After determining the atmospheric parameters for each target,
we performed a chemical abundance analysis using these pa-
rameters, which were derived from the analysis of Fe lines, as
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fixed inputs. Before the chemical abundance analysis, the lines
in the spectra of the targets were identified using the Kurucz
line list.® Once the lines in each target’s spectrum were defined,
the spectrum synthesis method was employed to determine
the chemical compositions. In this method, the abundance ra-
tios of the elements responsible for the lines are adjusted until
the theoretical spectrum closely matches the observed spectral
lines. The ATLAS9 model atmospheres and SYNTHE code
were used in this analysis as well.

As a result of the chemical abundance analysis, we de-
termined the absolute chemical abundance [loge(Element)]
of elements for each target. The list of absolute chemi-
cal abundances is provided in table 7 in the Appendix
and the [Fe/H] values for each target is listed in table 4.
Furthermore, the distribution of chemical abundances of the
targets is shown in figure 3. The uncertainties in the de-
rived absolute chemical abundances were estimated by con-
sidering the errors in the input atmospheric parameters as
explained in the study of Kahraman Aligavus et al. (2016).
For this, we systematically changed the atmospheric param-
eters to evaluate the impact on the derived elemental abun-
dances, in particular in the absolute Fe abundance [log € (Fe)].
A variation of £100K in T, creates a change of approxi-
mately 0.07 dex in log e (Fe). In comparison, a £0.1 dex shift
inloggand £0.1 kms~! in & result in changes of around about
0.01 and 0.02 dex, respectively. We also assessed the influ-
ence of vsini on abundance determinations. Our results indi-
cate that vsin7 introduces uncertainties ranging from ~ 0.05
to 0.15 dex. These error sources were combined in quadra-
ture and given as uncertainties in absolute abundances (see
table 7).

4 Photometric analysis

4.1 Pulsation analysis

The 120s photometric TESS data of the targets were collected
and they were converted into magnitude before investigating
the oscillations. To convert the fluxes into magnitudes, the
equation given by Kahraman Alicavus et al. (2022) was used.

The oscillation properties of the targets were examined us-
ing the PER10D04 software (Lenz & Breger 2005), which ap-
plies a discrete Fourier transform and successive prewhiten-
ing. Given that the targets were previously identified as § Scuti
variables (see the Appendix), the frequency search was con-
ducted in the range of 0-100 d~! with a significance threshold
set at 4.50 (Baran & Koen 2021). All available TESS sectors
for each star were analyzed simultaneously.

The significant oscillation frequencies (/) and their corre-
sponding amplitudes are provided in table 8 in the Appendix,
while the amplitude spectra of all targets are displayed in
figure 4. According to the extracted frequencies and their am-
plitudes, all stars display variability consistent with § Scuti-
type pulsations. However, several stars exhibit additional low-
frequency variability. Among them, AU Scl, MX Vir, 10 Lup,
UV PsA, and V1187 Tau were confirmed as § Scuti variables.
Although a few low-frequency peaks were detected in V1187
Tau, they are likely due to small flux level shifts between sec-
tors. Conversely, stars such as FG Eri, HZ Vel, V527 Car,
DP UMa, and KU Com show both low- and high-frequency
pulsations, suggesting hybrid behavior between § Scuti and

¢ (http://kurucz.harvard.edu/linelists.html).

y Doradus types. The pulsation classifications are listed in
table 5.

In addition, we computed the pulsation constant (Q) for the
dominant frequency of each target using the classical equa-
tion of Breger (1990), together with the stellar parameters
(e.g., Totr, logg, Mypo) derived in the previous sections. The
derived Q values are also presented in table 5. These values
provide useful constraints on the nature of the dominant os-
cillations (e.g., low-overtone radial or non-radial modes), al-
though definitive mode identification (i.e., determination of
radial order #, spherical degree I, and azimuthal order m) is
not attempted in this study due to the lack of spectroscopic
mode diagnostics or rotational splitting analysis. Therefore,
we refrain from assigning specific mode identifications and in-
stead provide only general pulsational classifications based on
the observed frequency regime and Q values.

5 Estimating fundamental stellar parameters

We estimated fundamental stellar parameters and the ages of
the stars using evolutionary tracks and isochrones. Prior to
these estimations, we also calculated other key parameters,
such as luminosity (L), absolute magnitude (My), and bolo-
metric magnitude (M), using Gaia DR3 distances (Gaia Col-
laboration et al. 2023) and bolometric corrections (Flower
1996) based on the derived T4 and E(B — V) values. For
these calculations, we followed the method described in Poro
et al. (2021). The uncertainties of the calculated parameters
were estimated by propagating the errors of the input param-
eters. These parameters and their uncertainties are listed in ta-
ble 6. It should be noted that, beyond these uncertainties, the
possible presence of unresolved binary components may intro-
duce additional errors in the estimated parameters of L, My,
and Mbo]'

For the estimation of mass (M) and age, we used evolu-
tionary tracks and isochrones from MESA and Stellar Tracks
(MIST) (Dotter 2016; Choi et al. 2016). Details about the
adopted physics used to generate the MIST evolutionary
tracks and isochrones can be found in table 1 of Choi et al.
(2016). The evolutionary tracks adopted in this work assume
an initial rotational velocity of v/v.;; = 0.4, implying that the
stars initially rotate at 40% of their critical breakup speed.
This parametrization allows for moderate rotational mixing,
which can influence surface abundances and stellar lifetimes,
particularly in intermediate- and high-mass stars. For each tar-
get, multiple evolutionary tracks and isochrones were gener-
ated, taking into account the calculated [Fe/H] values. The
tracks and isochrones were computed with steps of 0.01 M,
in M and the same steps in age. Using these, we estimated
the M and age values by matching the observed T, and
L values on the log T.g—log L diagram. Two of our targets,
V1187 Tau and KU Com, are members of clusters Melotte
22 and 111, respectively. For M value estimation of these sys-
tems we adopted the cluster ages from Dias et al. (2021) and
fixed them during the examinations. The estimated masses
and ages are listed in table 6. The locations of the targets on
the log T.4—log L diagram, within the § Scuti instability strip
and along the isochrones, are shown in figure 5. The uncer-
tainties in the estimated mass and age values were derived
by considering the propagated errors in the stellar parame-
ters Ty, log L, and [Fe/H], which directly affect the stars’ po-
sitions on the Hertzsprung—Russell (H-R) diagram and thus
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Fig. 4. Amplitude spectra of the targets. Dashed vertical lines represent the 4.50 level.

Table 5. List of the highest amplitude § Scuti frequencies and their pulsa-

tion constant (Q) values.

Star name Pulsation High. amp. (@)
class frequency [d~'] [d]
AU Scl 8 Scuti 16.5501 0.033 (6)
FG Eri Hybrid 6.2921 0.060 (11)
V1187 Tau § Scuti 53.1771 0.009 (2)
HZ Vel Hybrid 14.3398 0.031 (6)
V527 Car Hybrid 9.3603 0.033 (3)
DP UMa Hybrid 18.0751 0.032 (6)
KU Com Hybrid 19.9108 0.023 (4)
MX Vir 8 Scuti 6.4950 0.057 (10)
10 Lup 5 Scuti 15.5946 0.020 (4)
UV PsA 8 Scuti 9.1511 0.043 (8)

the resulting evolutionary track fitting. In addition to these
statistical sources of uncertainty, we also included systematic
lower limits following the findings of Tayar et al. (2022), who
demonstrated that even under optimal conditions, isochrone-
based determinations are subject to minimum uncertainties of
~ 5% in mass and ~ 20% in age. These systematic floors were
incorporated into the final uncertainties to provide more real-
istic error bars.

In addition to fundamental stellar parameters’ estimation
we also controlled the position of these pulsating compo-
nents on the § Scuti instability strip, as can be seen in
figure 5. All stars in our sample were found to lie inside or
close to the red edge of the § Scuti instability strip, within the
uncertainties.
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Fig. 5. (Continued)
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6 Discussion and conclusion

In this study, we examined 10 targets identified in the litera-
ture as § Scuti variables and chemically peculiar stars (see the
Appendix 1). Although some of the selected stars have been
previously studied, a detailed chemical abundance analysis has
not been conducted for all of them. Therefore, we first revised
their spectral classifications, determined their atmospheric pa-
rameters and vsin{ values, and derived the abundances of in-
dividual elements. Using this information, we analyzed the
chemical peculiarity properties of these targets.

We first carried out spectral classification for all targets
and, as a result, found that only three stars—AU Scl, FG
Eri, and HZ Vel—are likely chemically peculiar. However, the
other stars were found to be chemically normal based on our
spectral classification, which contradicts their classifications
in the literature (see table 1). Since the spectral classification
was performed manually and is inherently subjective, we car-
ried out a detailed chemical abundance analysis to confirm
the chemical composition of the stars. In advance to chemical
abundance analysis, the atmospheric parameters of the tar-
gets were determined. Most of our targets have atmospheric
parameter estimates available in the literature. For example,
five of them—AU Scl, FG Eri, MX Vir, IO Lup, and UV PsA—
were analyzed by Rainer et al. (2016), who investigated high-
resolution HARPS spectra of a large sample of stars to deter-
mine atmospheric parameters (for details, see the Appendix).
We also used HARPS spectra in our spectral analysis. How-
ever, the logg and [Fe/H] values obtained by Rainer et al.
(2016) and those derived in this study are mostly inconsistent
with each other. This discrepancy may result from differences
in the methods and models used in both studies, as well as the
fact that their analysis involved a significantly larger number
of stellar spectra.

For V1187 Tau, the atmospheric parameters based on spec-
tral analysis were reported by Draper et al. (2018) as T, =
8031 K, logg= 4.0, and [Fe/H] = —0.17. When compared
to our results, they are in agreement within the error bars,
except for the [Fe/H] value. For DP UMa, Catanzaro and
Ripepi (2014) provided the spectral parameters as T4 = 7200
K, logg= 3.6, and vsini= 72 kms~!. These values are gen-
erally consistent with ours, although the logg value shows
a significant difference (our value is 4.2). For the final tar-
get, KU Com, Prugniel, Vauglin, and Koleva (2011) reported
T = 7360 K, log g= 3.99, and [Fe/H] = —0.05, all of which
agree with our findings within uncertainties while [Fe/H] dif-
fers from ours ([Fe/H] = —0.21). The differences between our
results and those in the literature could be because of the meth-
ods followed, the atmospheric models used, and the line list.
For the other objects, V527 Car and HZ Vel, no spectral at-
mospheric parameter estimates are available in the literature.

After the estimation of atmospheric parameters, the chem-
ical abundances of the targets were derived. As given in the
Appendix, most of the targets have been classified as Am stars
in the literature, which exhibit an overabundance of iron-peak
elements (Gray & Corbally 2009), and some of the targets
have also been identified as metal-weak A Bootis stars, char-
acterized by under-abundances of iron-peak elements (Gray
& Corbally 2009). Therefore, considering all chemically pe-
culiar star types along with our chemical abundance results
obtained in this study, we reclassified the peculiarities of the
stars. Based on our analysis, we identified three chemically pe-
culiar stars among our targets. AU Scl and FG Eri were classi-

fied as Am stars, while HZ Vel exhibited typical 1 Bootis-type
chemical properties. The remaining objects were classified as
normal stars based on their abundance distributions. Among
the target stars, only two objects—AU Scl and FG Eri—were
identified as metallic A stars based on our spectroscopic anal-
ysis. AU Scl is located within the region of the H-R diagram
suggested for pulsating Am stars by Smalley et al. (2017) and
Diirfeldt-Pedros et al. (2024), whereas FG Eri deviates from
this common location expected for metallic A stars. Notably,
FG Eri exhibits a relatively high pulsation constant. When
considered together with the distinct position of FG Eri on
the H-R diagram and its chemical peculiarities, these findings
make it an interesting case for further theoretical investiga-
tion. FG Eri may represent a transition object or an outlier that
could provide constraints on models of pulsation in metallic
A stars.

The pulsation structures of the targets were also examined,
and their pulsation types were identified. According to the os-
cillation analysis, most of the stars were classified as § Scuti
variables, consistent with the literature classification (see the
Appendix) and some were identified as § Scuti-y Doradus hy-
brids. The pulsation frequencies of eight of our targets (except
for V1187 Tau and IO Lup) were examined by Barac et al.
(2022) using TESS data. They provided the dominant § Scuti
frequencies for each target and these results are consistent
with our findings. For V1187 Tau and 10 Lup the dominant
frequencies were given as 53.18 d~' (Bedding et al. 2023) and
13.40d"" (Mellon et al. 2019), respectively, in their latest stud-
ies. While the result for V1187 Tau matches with ours, for 10
Lup it differs because this study is based on the ground-based
photometric observations.

In addition to estimating the pulsation frequencies for each
target, we also determined the pulsation modes of the domi-
nant (highest amplitude) frequency using the Q values and the
log P,,s—My relationship. Furthermore, we presented the po-
sitions of the stars on the H-R diagram and within the § Scuti
instability strip. All targets were found to lie within or near
the cool edge of the § Scuti instability strip. While some of the
hybrid stars (HZ Vel, DP UMa, KU Com) are located close to
the cool edge as their suggested region, others are situated in
the central region of the instability strip.

We estimated fundamental stellar parameters such as M and
age for our targets. To achieve this, we first calculated the L
for each target and then generated evolutionary tracks and
isochrones based on the corresponding [Fe/H] values. By iden-
tifying the best-fitting evolutionary tracks and isochrones that
match the current positions of the stars on the H-R diagram,
we determined the M and age values.

We conducted a detailed analysis of 10 possible chemi-
cally peculiar stars and found that most of them are, in fact,
chemically normal. Such studies highlight the importance of
spectroscopic analysis in reliably classifying stars as chem-
ically peculiar. Even a basic spectral classification can pro-
vide valuable insights into chemical peculiarities; however, a
more robust identification of chemically peculiar stars can be
achieved through comprehensive spectroscopic investigations.
Moreover, analyzing such stars is crucial for understanding
the pulsation structures of § Scuti stars and their relationship
with the chemical abundances of individual elements, espe-
cially through spectral diagnostics.

Our findings further support recent results indicating that
chemically peculiar A stars can indeed pulsate in the §
Scuti domain, challenging earlier assumptions that atomic
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Table 6. Estimated fundamental stellar parameters for the targets.*
Star name My My, log(L/Lg) M Age
[mag] [mag] [Mo] [Gyr]
AU Scl 1.326 £0.032 1.357+0.034 1.3534+0.055 1.96 £0.10 1.00+£0.20
FG Eri —0.135+0.024 —0.103+0.026 1.937+£0.047 2.48+0.12 0.60+0.12
V1187 Tau 1.800£0.022 1.870£0.052 1.148 £0.047 1.75+0.09 0.13£0.03x%
HZ Vel 2.087£0.023 2.121£0.025 1.047 £0.046 1.69+£0.08 0.10+0.02
V527 Car 0.322+0.027 0.384+0.029 1.743 £0.051 2.23+£0.11 0.79+£0.14
DP UMa 2.595£0.029 2.627+£0.031 0.845+0.052 1.51+£0.08 1.27+£0.23
KU Com 2.694£0.024 2.774£0.052 0.786 £0.057 1.50+0.07 0.63£0.19x%
MX Vir 1.183+0.014 1.263+0.043 1.391+£0.064 1.78 £0.09 1.47+£0.27
10 Lup 0.820+£0.024 0.854+£0.026 1.554+0.047 2.08+0.10 0.97+0.19
UV PsA 1.5394+0.028 1.572+£0.030 1.267£0.051 1.73+£0.09 1.60+0.28

*The age values are taken from Dias et al. (2021) and fixed during the examinations.

diffusion and helium settling would suppress such pulsations.
The identification of AU Scl and FG Eri as metallic-line A stars
with § Scuti pulsations is consistent with the conclusions of
Diirfeldt-Pedros et al. (2024), who found that many pulsating
metallic A and F stars cluster near the red edge of the instabil-
ity strip on the H-R diagram. Our spectroscopic results con-
firm AU Scl’s position in this expected region, while FG Eri
appears to deviate, which, along with its relatively large pul-
sation constant, renders it an interesting outlier that may pro-
vide constraints for future theoretical models. Understanding
chemically peculiar stars with confirmed pulsational proper-
ties may contribute significantly to stellar structure and evo-
lution theories, particularly in the transition region between
chemically normal and peculiar A-type stars. Therefore, our
work not only reassesses the classifications of several candi-
dates but also adds spectroscopically verified examples to the
growing population of pulsating CP stars, strengthening the
empirical basis for such theoretical efforts.
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Appendix 1 Literature information of targets

A.1.1 AU Scl

AU Scl was first reported in the list of early-type stars near the
South Galactic pole given by Slettebak and Brundage (1971),
and the spectral type of AU Scl was given to be A7p in this list.
Graham and Slettebak (1973) discussed the spectroscopically
peculiar stars near the South Galactic pole, and they noted
that AU Scl could be a Peculiar A star of 8 CrB type or late-
type Am star. Kurtz (1989) discovered § Scuti variability in
AU Scl (= HD 1097) for the first time and concluded that AU
Sclis a classical Am star based on the spectral classification of
A3/5mFO0-FS given by Houk (1982). Balona et al. (2011) listed
the pulsating Am stars not in the Kepler field and gave the T ¢
and log(L/Lg) of AU Scl to be 7586 K and 0.11, respectively,
based on the photometric colors. Smalley et al. (2011) studied
1600 Am stars with SuperWASP data, and they gave the fre-
quency, the amplitude, and the class of the pulsating Am star
AU Scl as 15.5491 d~', 2.01mmag, and § Scuti, respectively.
Rainer et al. (2016) formed a large database of the physical
parameters and variability indicators of the variable and ac-
tive stars using HARPS spectra, including AU Scl. In this study
they estimated the atmospheric parameters of the star to be
T.s= 6595 K, logg= 3.70, and Fe/H = 0.31. Barac et al.
(2022) studied § Scuti stars and their period—luminosity rela-
tion using TESS and Gaia DR3 data. They gave the dominate
frequency of AU Scl as 16.55 d~'.

A.1.2 FG Eri

The first study of FG Eri was undertaken by Twarog (1980).
Grenier et al. (1999) determined radial velocities of B§-F2
type stars observed by the Hipparcos satellite. They gave the
T.¢ and spectral type of FG Eri as 8500 K and A5V, respec-
tively. Paunzen et al. (2001) presented a spectroscopic survey
for 1 Boo type stars listing the galactic stars, of which one
of the list stars was FG Eri with spectral type kFOhASmFOV.
Royer et al. (2002) determined the rotational velocities of A-
type stars using the spectra of 525 B8 to F2-type stars col-
lected at ESO, and they derived the vsini of FG Erias 95 + 10
kms~'. Xu et al. (2002) plotted the § Scuti stars on the H-
R diagram to examine the theoretical red edge. They found
some stars which have higher luminosity and are located be-
yond the § Scuti instability strip, one of which is FG Eri. They
excluded these stars from their instability strip investigation.
de Bruijne and Eilers (2012) determined the radial velocity er-
rors for the Hipparcos—Gaia HTPM Project and gave the T4
and vsini of FG Eri as 7873 K and 107.2 kms~!, respectively.
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Rainer et al. (2016) formed a large database of the physical pa-
rameters and variability indicators of the variable and active
stars using HARPS spectra, including FG Eri; in that study T,
log g, and Fe/H were determined to be 8986 K, 3.93,and 0.71,
respectively. Antoci et al. (2019) determined stellar parame-
ters and variability type of the 2min cadence TESS § Scuti and
y Doradus pulsators. They defined FG Eri’s variability type
as developed § Scuti. Barcel6 Forteza et al. (2020) analyzed
the & Scuti stars using TESS data to propose the frequency
at the maximum power, and classified the star FG Eri to be
a § Scuti/y Doradus hybrid. The dominant frequency mea-
sured with TESS of FG Eri was given in Barac et al. (2022) as
6.29d71.

A.1.3 V1187 Tau

V1187 Tau belongs to the open cluster Cl Melotte 22
(=Pleiades). Abt et al. (1965) gave the spectral type of the
star as A5V and noted that the radial velocity of V1187 Tau
may vary slowly with time. Conti and Strom (1968) ana-
lyzed the chemical abundances of V1187 Tau, and eight stars
in the Pleiades, and concluded that measured Sc/Sr ratios of
these stars support the hypothesis that stars showing Sc/Sr
ratios near unity are those with normal metal abundances.
Pearce and Hill (1975) observed a total of 115 stars in the
Pleiades at Dominion Astrophysical Observatory spectroscop-
ically to investigate the binary friction and cluster member-
ship, and they obtained a radial velocity value for V1187
Tau. Abt and Levato (1978) presented the spectral classifi-
cations and absolute magnitudes of stars in the Pleiades and
noted that V1187 Tau was a marginal Am star with ranges
of only 0.2-0.3 classes between the Catr K and metallic-
line types. Morse, Mathieu, and Levine (1991) measured the
radial velocities of late O-B type and early A type stars,
including V1187 Tau. Koen et al. (1999) detected a pulsa-
tion with a period of ~ 30min. for V1187 Tau, and concluded
that V1187 Tau may be a marginal Am star in a binary sys-
tem. Fox-Machado et al. (2002) presented the results obtained
in the STEPHI X multi-site campaign for two § Scuti stars
(V624 Tauri and HD 23194 =V1187 Tau). They found that
V1187 Tau is a multi-periodic, non-radial pulsator exhibiting
two oscillation modes. Fox Machado et al. (2006) performed
a seismological analysis of six § Scuti stars, one of which was
V1187 Tau, belonging to the Pleiades cluster to identify their
frequency modes. They found two pulsation frequencies for
V1187 Tau: 46.10 and 49.65 d~'. Prugniel, Vauglin, and Kol-
eva (2011) re-determined the atmospheric parameters of the
stars in the medium spectral resolution library MILES con-
taining V1187 Tau. They found the atmospheric parameters
to be Toi = 8031 K, logg= 4.00 and Fe/H = —0.17. Bedding
et al. (2023) studied a total of 89 A-F type members of open
cluster Pleiades, and found the highest amplitude frequency to
be 53.18 d~! using TESS data.

A.1.4 HZ Vel

In the literature, the first information about HZ Vel was given
in a study by Stokes (1972) based on ubvy and Hg pho-
tometry. Balona (1977) searched the southern 8 CMa stars
and noted that HZ Vel was a new § Scuti star with pulsa-
tion period of 0.087d. Heck et al. (1977) applied a cluster
analysis method and redetermined the spectral classification
of HZ Vel to be A7-F2TII-V. Mersch and Heck (1980) de-
termined the spectral classification of the star HZ Vel to be

A8TII using their algorithm based on uvbyp photometry and
MK classification. Hauck (1986) included HZ Vel on the list
of suspected A Bootis stars in their search for these types of
candidates; they studied the metallics of 132 stars consid-
ered as A and F giant stars and expressed that HZ Vel could
be assumed to be A Bootis star regarding its low metallicity
value. Rodriguez et al. (1994) presented the updated list of
8 Scuti stars, including HZ Vel. Paunzen et al. (1997) deter-
mined the distance and absolute magnitude of HZ Vel and
the remaining A Bootis type program stars to derive the evo-
lutionary state of these stars using Hipparcos data. Paunzen
et al. (1998) gave a list of pulsating A Bootis stars, includ-
ing HZ Vel. Paunzen et al. (1999) derived stellar parameters
and abundances of their sample stars with HZ Vel. HZ Vel
was included in the study of Faraggiana and Bonifacio (1999)
as a A Boo candidate star. Paunzen et al. (2002) re-observed
HZ Vel and found two frequencies, 14.80 and 15.99 d~!,
using their observations. Royer et al. (2002) measured the
vsini of the northern star HZ Vel to be 45 kms~!. Farag-
giana et al. (2004) studied the sample of A Boo stars, which
shows composite spectra, given by Gerbaldi, Faraggiana, and
Lai (2003), and classified HZ Vel as the suspected double.
Murphy and Paunzen (2017) gave the parameters of 172
A Boo stars and candidates using Gaia DR1/Hipparcos par-
allaxes, and derived the T, , log(L/Lg), and variability type
of HZ Vel to be 7270 + 85 K, 1.06, and § Scuti, respectively.
Barcel6 Forteza et al. (2020) derived the power spectra of §
Scuti stars with TESS and determined the T.¢ (7400 K) and
variability type (§ Scuti/y Doradus hybrid) of HZ Vel. Mur-
phy et al. (2020a) derived the pulsation features of south-
ern A Boo stars using TESS data, and gave the atmospheric
parameters of HZ Vel as T, = 7270 + 145 K, logg= 4.03 +
0.05, and [Fe/H] = 0.00-0.17 £ 0.15 based on the photo-
metric investigations. The dominant frequency of the stars
was given as 14.34 d~! in the study of Barac et al.
(2022).

A.1.5 V527 Car

V527 Car was recorded for the first time by Houck and Cow-
ley (1975), in which the spectral type of the star was given as
A3mA7-A9. Duerbeck (1997) investigated true and possible
contact binaries in the Hipparcos catalog and recorded the
star V527 Car as pulsating or EWj; a visual binary. Paunzen
and Maitzen (1998) provided new variable chemically pecu-
liar stars using the extensive Hipparcos Variability Annex, one
of which is V527 Car. Koen et al. (1999) found that V527 Car
is an evolved Am (Puppis) star with a 5.1h periodicity, and
identified the mode of its pulsation as non-radial with / =2
based on the multicolor photometry. The dominant frequency
measured for V527 Car was given in the study of Barac et al.
(2022) as 4.68 d~'.

A.1.6 DP UMa

The target star DP UMa is one of the peculiar stars with spec-
tral type A5 (Morgan 1932; Slettebak & Stock 1959). Eggen
(1976) discussed the photometry and kinematics of Am stars
and ultrashort-period cepheids (USPC) in the HR catalog, giv-
ing DP UMa’s spectral type as A7m. Kurtz (1978) first an-
nounced the discovery of pulsation of DP UMa with another
Am star, HR 8210. Kurtz (1979) expressed that the frequency
of DP UMa changes on a time-scale as short as 1d. Tsvetkov
(1982) estimated the radial pulsation modes for § Scuti stars
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Table 7. Result of the analysis of chemical abundances.*

Element AU Scl FG Eri HZ Vel MX Vir 10 Lup

6C 8.44+0.35 (2) 8.81+0.29 (5) 8.49+0.33 (6) 8.50+0.35 (7)

11Na 6.744+0.35 (1) 6.074+0.26 (2) 6.264+0.27 (3)

Mg 7.58+0.31 (4) 8.04 £0.24 (3) 7.254+0.28(6) 7.734£0.20 (8) 7.824+0.38 (2)
1451 7.49+0.39 (14) 7.104+0.33 (9) 6.65+0.23 (9) 7.164+0.53 (17) 6.30+0.38 (2)
16S 7.374+0.35 (2)

20Ca 6.55+0.34 (6) 6.47+0.31 (11)  5.934+0.31 (20) 6.35+0.17 (23) 6.294+0.38 (2)
21Sc 1.64+£0.32 (2) 3.914+0.28 (4) 2.604+0.29 (6) 3.464+0.23 (8) 3.1740.36 (3)
»Ti 5.62+0.30 (8) 5.30+0.31 (23) 4.55+0.22 (33) 4.95+0.37 (83) 5.10+0.30 (24)
23V 5.004+0.30 (2) 4.1140.26 (7) 4.0940.32 (8) 4.4140.35(3)
24Cr 6.344+0.39 (20) 6.03+0.27 (14)  5.18+0.24 (33) 5.67+0.53 (90) 5.524+0.35 (9)
2sMn 5.4140.25 (5) 5.544+0.23 (4) 5.004+0.28 (7) 5.394+0.27 (24)

s6Fe 8.01£0.17 (60) 7.67£0.16 (49) 6.95+£0.12(104) 7.434£0.12(369) 7.4440.14 (56)
27Co 5.014+0.33 (2) 5.044+0.32 (2) 6.124+0.38 (2)
2gNi 6.984+0.29 (14) 6.584+0.31 (15) 5.8240.29 (24) 6.314+0.35 (84)

29Cu 4.09+0.35 (2) 3.994+0.35 (2)

30Zn 4.66+0.35(2)

38Sr 3.61+0.74 (1) 3.55+0.68 (1) 3.64+0.36 (2)

39Y 4.18+0.34 (2) 3.074+0.35 (2) 2.204+0.37 (2) 3.2940.35 (6)

40Zr 2.974+0.36 (4) 2.514+0.23 (6) 3.464+0.32 (7)

s6Ba 4.63+0.36 (2) 3.004+0.35 (2) 2.084+0.38 (2) 3.324+0.35 (3)

Element KU Com V527 Car V1187 Tau UV PsA DP UMa

6C 8.69+£0.52 (3) 8.27+£0.29 (4) 8.58+0.32 (4) 8.34+0.33 (6)
11Na 6.21+0.52 (2) 6.234+0.35 (3) 5.65+0.28 (1) 6.214+0.27 (3)
12 Mg 7.644+0.23 (4) 7.594+0.53 (4) 7.584+0.12 (4) 7.924+0.36 (3) 7.654+0.27 (6)
1451 7.28 +£0.48 (8) 7.36+0.52 (9) 7.15+0.25 (11) 7.1240.27 (13) 7.05+0.25 (19)
16S 7.414+0.30 (3)
20Ca 6.38+0.50 (15) 6.234+0.50 (10) 6.31+0.26 (14) 6.824+0.26 (13) 5.824+0.27 (18)
21S¢ 2.9940.52 (5) 2.9440.52 (5) 2.854+0.34 (5) 3.634+0.25 (5) 2.464+0.28 (6)
2 Ti 4.86+£0.53(29) 4.914+£0.53(29) 4.74+£0.18 (21) 5.234+£0.26 (17)  4.784£0.29 (29)
23V 4.44+0.53 (3) 4.5440.53 (9) 4.524+0.32 (2) 4.75+0.35 (2) 4.56+0.29 (4)
24Cr 5.4340.55(29) 5.5840.55(25) 5.524+0.30(19) 5.904+0.25 (17) 5.694+0.26 (26)
2sMn 4.87+0.54 (4) 4.97+0.54 (9) 5.344+0.25 (6) 5.374+0.34 (7) 5.044+0.22 (7)
26Fe 7.2940.14 (79) 7.2840.15(91)  7.304+0.15 (92) 7.514+0.16 (61) 7.314+0.15 (92)
»7Co 5.244+0.33 (1) 5.714+0.35 (1)
2sNi 6.0940.27 (21) 6.124+0.57(18)  6.084+0.31 (16) 6.434+0.30 (25) 6.234+0.25 (30)
29Cu 3.57+0.53 (1) 3.26+0.34 (1) 4.05+0.35(2) 4.00+0.25 (2)
30Zn 3.964+0.15 (1) 4.454+0.25 (1)
38Sr 3.054+0.53 (1) 3.794+0.26 (1)

39Y 2.314+0.18 (4) 3.124+0.62 (5) 2.824+0.19 (5)
402 2.464+0.53 (1) 2.614+0.28 (2) 4.3940.64 (3) 3.054+0.23 (3)
s6Ba 3.544+0.25 (2) 2.98+0.27 (1)

*The numbers given in the parenthesis represent the number of lines used in the analysis.
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from Breger’s (1979) list and gave the oscillation mode of DP
UMa. Wonnacott et al. (1994) reported that the range of tem-
perature classes covered by the spectral type of DP UMa is
rather small (kA4hA6mA?7), implying that the star DP UMa
is quite a marginal Am star. Bartkevicius and Lazauskaite
(1997) conducted classification of Population II stars in the
Vilnius photometric system, and identified the class of DP
UMa as optical binary. Bush and Hintz (2008) measured the
rotational velocities of 118 § Scuti variables using DAO spec-
tra and gave vsini= 70 km s~ for DP UMa. Catanzaro and
Ripepi (2014) presented a detailed analysis of eight Am stars,
and obtained the T, logg and vsini of DP UMa of 7200 K,
3.6, and 72 kms~'. They also reported the binary feature as
belonging to the Am class and the presence of pulsation for
DP UMa. Draper et al. (2018) derived the stellar parameters
(Tys= 7514 K, log g= 3.5, vsini= 70 km s~'for DP UMa) of
their program stars using the spectra obtained at the McDon-
ald Observatory. Barac et al. (2022) obtained some properties
of 372 § Scuti stars, and gave the dominant frequency value
to be 18.07 d~! for DP UMa.

A.1.7 KU Com

KU Com is a member of open cluster Cl Melotte 111 (Eggen
1950; Bahner & Miczaika 1952; Johnson & Knuckles 1955),
and is a § Scuti type variable star with an A7m spectral type
(Slettebak & Stock 1959). Schutt (1991) reported four new
probable § Scuti stars, one of which was KU Com, and con-
cluded that KU Com could be a metallic line star, and thus
might be a member of the § Del group. Rodriguez et al. (1994)
presented an extensive list of § Scuti stars covering the ba-
sic properties of KU Com. Hui-Bon-Hoa, Burkhart, and Ale-
cian (1997) gave metal abundances of KU Com and remain-
ing program stars in young galactic clusters. Abt and Will-
marth (1999) studied the evolution of binary systems in five
open clusters of various ages, and derived the constant veloc-
ity for KU Com, which is one of the observed stars in the
Coma cluster. Burkhart and Coupry (2000) gave the third
in a series of papers about the abundances of the elements
Li, Al Si, S, Fe, Ni, and Eu for A-stars, including KU Com,
in open clusters of different ages. Makarov (2003) corrected
the Hipparcos parallaxes of Coma Berenices and NGC 6231
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Table 8. Pulsation frequencies of the targets.*

Frequency Amplitude SNR Frequency Amplitude SNR
[d"] (mmag) [d™"] (mmag)
40.02 +0.02
—— AU Scl — —— FG Eri
fi 16.5501 (1) 1.66 46 i 6.2921 (1) 12.08 274
f 19.3299 (1) 1.49 42 f2 3.2367 (2) 2.28 59
f3 15.7103 (1) 1.11 36 f3 42721 (1) 1.90 44
f4 12.7477 (2) 0.90 46 f4 3.4718 (1) 1.28 33
fs 12.8545 (2) 0.79 42 fs 3.7962 (1) 0.99 23
fe 18.1823 (2) 0.75 25 fe 6.9964 (1) 0.97 21
7 14.9199 (3) 0.55 27 7 4.6368 (2) 0.73 16
fs 18.5724 (4) 0.37 12 fs 5.1924 (2) 0.46 10
fo 16.5234 (3) 0.41 11 fo 7.2574 (3) 0.52 12
10 13.7907 (6) 0.26 16 fio 3.8729 (2) 0.54 12
i 17.0798 (5) 0.28 8 fs+2f1-2f 4.4477 (2) 0.46 11
fiz 16.3468 (6) 0.25 7 2f1-2fn 3.6887 (3) 0.43 10
13 17.5725(7) 0.23 7 s+ fe—h 8.0318 (2) 0.34 9
fir + fo—fi3 16.0306 (6) 0.23 7 14 6.2786 (2) 0.39 9
fis 19.2355 (6) 0.23 6 fio+ fo—1s 7.0732 (2) 0.34 7
fie 17.7655 (6) 0.22 6 16 7.7698 (2) 0.32 8
f17 15.1478 (7) 0.21 8 fi3 + f3—fie 4.5341 (2) 0.31 7
fia+2fA-2f12 16.4371 (9) 0.21 6 2fs=2f 3.9113 (2) 0.27 6
fio 22.0606 (9) 0.17 5 fio 0.6986 (2) 0.25 6
20 17.7018 (9) 0.19 5 3h—fu 5.2624 (2) 0.24 5
—— V1187 Tau —— —— HZ Vel —
fi 53.1771 (1) 1.61 249 fi 14.3398 (1) 3.24 291
f 46.1046 (2) 1.42 225 fa 1.6155 (1) 1.51 30
f3 49.6750 (2) 0.81 138 f3 1.0665 (1) 1.05 20
f4 46.1684 (2) 0.33 50 fa 0.3542 (1) 0.63 15
fs 46.3098 (2) 0.29 44 fs 1.5977 (1) 0.51 10
fe 49.8145 (1) 0.24 41 fs 15.2400 (2) 0.39 30
7 46.5351 (1) 0.22 34 2h—fi—f4 1.8104 (2) 0.33 6
fs 0.0541 (1) 0.22 15 s 2.0003 (2) 0.34 7
fo 53.1192 (1) 0.18 28 fo 1.5285 (2) 0.30 6
10 41.3432 (1) 0.14 30 fio 1.6640 (2) 0.29 6
fi1 41.1478 (1) 0.12 26 fi1 13.0191 (2) 0.23 21
fia 37.5270 (1) 0.12 24 fa+fs+2F 1.9796 (2) 0.24 5
f13 43.4031 (1) 0.12 22
fia 42.9542 (1) 0.11 21
fis 0.0384 (1) 0.10 6
fie 46.1130 (1) 0.12 20
f17 49.4738 (1) 0.09 16
fis 0.1342 (1) 0.09 18
1o 42.3250 (1) 0.08 5
20 23.4808 (1) 0.08 14
1 0.1173 (1) 0.07 15
2 39.3151 (1) 0.08 13
fio +2f14=2f19 42.6018 (1) 0.07 15
fra 0.0691 (1) 0.07 5
—— V527 Car —— DP UMa
fi 4.6812 (1) 15.05 207 fi 18.0751 (1) 2.03 49
f 3.8243 (1) 11.03 133 fr 15.7013 (2) 1.15 33
f3 3.5775 (1) 3.13 41 f3 17.4207 (1) 0.98 26
f4 9.3603 (2) 1.44 26 f4 30.0962 (1) 0.89 24
fs 0.1402 (2) 1.27 12 fs 28.4044 (1) 0.88 22
fi-f 0.8569 (2) 1.09 12 fe 17.9254 (1) 0.90 22
A+ 8.2587 (3) 1.02 14 7 18.7253 (2) 0.82 16
2fs—fi—fr 5.7809 (4) 1.03 17 fs 2.5492 (2) 0.82 16
2f 7.6486 (3) 0.83 11 fo 18.9370 (3) 0.70 17
1o 9.0642 (6) 0.72 12 fio 19.7218 (2) 0.54 17
i 0.2073 (5) 0.58 6 fi1 12.0358 (2) 0.63 12
fiz 2.0099 (6) 0.52 6 fio + 24.4695 (3) 0.63 16
2f1-2f
fi3 4.3771 (7) 0.47 6 fi3 0.0342 (2) 0.39 6
fia 1.1886 (6) 0.50 5 2f1i3 = fio+ 11.7493 (2) 0.55 10
2f

fis 12.3376 (6) 0.43 7 fis 18.8258 (2) 0.52 12

fro—fii—fe 4.6535 (6) 0.41 6 fis 2.0295 (2) 0.48 7
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Table 8. (Continued)

Frequency Amplitude SNR Frequency Amplitude SNR
[d™"] (mmag) [d™"] (mmag)
+0.02 +0.02
fi7 4.8273 (7) 0.39 6 fir 16.5033 (2) 0.43 12
fis 4.1935 (9) 0.36 5 fis 2.3246 (2) 0.41 7
fis + fis—f7 2.4251(2) 0.44 8
fr0 36.0029 (2) 0.42 8
o1 2.8464 (2) 0.38 8
f 11.4798 (2) 0.32 6
3 1.5890 (2) 0.32 5
4 10.5624 (2) 0.32 5
—— KU Com —— —— MX Vir
fi 4.3339 (1) 0.36 16 fi 6.4950 (1) 14.15 318
f 1.5763 (2) 0.32 10 f 6.5949 (1) 1.30 30
f3 2.2930 (2) 0.23 9 f3 5.9161 (1) 1.16 26
fa 1.8980 (2) 0.18 6 fa 6.3117 (1) 1.51 33
fs 1.7381 (2) 0.20 7 2f 12.9900 (1) 0.99 35
fo 1.9995 (1) 0.20 7 fo 6.3575 (2) 0.68 14
fr 2.6353 (1) 0.15 6 fr 6.2680 (2) 0.63 13
fs 4.0217 (1) 0.13 6 fs 5.7661 (2) 0.55 9
fo 19.9108 (1) 0.14 15 fr+2f-2f; 5.9681 (2) 0.39 5
fio 2.1425 (1) 0.17 7 fio 5.8245 (2) 0.36 8
fin 2.0861 (1) 0.15 5 fs+ fo—2f4 6.7240 (2) 0.21 5
fi2 4.2173 (1) 0.11 5
—— 10 Lup — —— UV PsA —
fi 15.5946 (1) 7.14 94 fi 9.1511 (1) 7.06 53
f2 15.4881 (1) 3.91 49 f2 8.3837 (2) 5.06 40
3 13.5090 (1) 3.46 37 f3 8.5227 (1) 4.74 37
A+ f-fi 13.4025 (2) 2.04 22 fa 12.9809 (1) 1.81 21
fs 15.1976 (2) 1.73 20 fs 13.5153 (1) 1.43 19
fo 13.1255 (2) 1.55 16 fo 14.5789 (1) 1.30 16
2 15.2712 (3) 1.57 18 > 17.0111 (2) 1.22 14
fs 12.5291 (4) 1.32 18 fs 9.0969 (2) 1.20 9
fo 15.0194 (3) 1.30 15 fo 7.4104 (3) 1.11 14
h+ fs—fo 15.6662 (6) 1.33 18 fio 7.8275 (2) 0.88 10
fin 13.8304 (5) 0.98 10 i1 13.2752 (2) 0.81 9
fi2 12.7634 (6) 0.94 11 fs+2A-2f 0.8631 (3) 0.80 8
fi3 15.6236 (7) 0.69 8 fi3 16.2202 (2) 0.79 9
fia 14.9304 (6) 0.59 7 fia 7.5458 (2) 0.79 9
fis 13.5845 (6) 0.54 5 fis 8.1020 (2) 0.66 6
fis + fa—f1o 9.2901 (2) 0.70 5
i+ f-h 8.8062 (2) 0.62 5

*Formal error estimates are given in the parenthesis in units of the last digits after the comma.

open clusters, giving the recomputed parallax of 12.35(0.94)
for KU Com. Monier and Richard (2004) gave the abun-
dances obtained by synthesizing AURELIE spectra for KU
Com and other A and F dwarfs in Coma Berenices. Cenarro
et al. (2007) presented the set of stellar atmospheric param-
eters of 985 stars, counting KU Com, found in a new spec-
tral stellar library called MILES. Gebran, Monier, and Richard
(2008) derived the chemical composition (abundances rela-
tive to hydrogen and to the solar value) of KU Com with
spectral type Am/kA7hFOmFO0. Milone, Sansom, and Sanchez-
Blazquez (2011) obtained [Mg/Fe| measurement for KU Com.
Their work is based on understanding stellar atmospheres and
stellar populations in galaxies and star clusters using the stars
in the MILES spectral library. Prugniel, Vauglin, and Koleva
(2011) determined the MILES atmospheric parameters T,
log g, and Fe/H of KU Com as 7360 K, 3.99, and —0.085, re-
spectively. Silaj and Landstreet (2014) aimed to obtain accu-
rate ages for the seven nearby open clusters, each of which
contains at least one magnetic Ap—one of these stars being
KU Com—or Bp star. Oh et al. (2017) cataloged the candidate

co-moving pairs of stars in the Tycho—Gaia Astrometric Solu-
tion (TGAS), which is the primary sample of the Gaia Data
Release 1. Barac et al. (2022) provided a catalog of 372 bright
8 Scuti stars and their period-luminosity relation using TESS
and Gaia DR3 data, and determined the dominant frequency
to be 19.91 d~1. Olivares et al. (2023) applied their member-
ship algorithm to the nearly 45 million Gaia DR3 sources and
found 302 candidate members, one of which is KU Com, in
the cluster Coma Berenices.

A.1.8 MX Vir

The first study of MX Vir was aimed at determining its spec-
tral type (Abt et al. 1979). They re-defined the spectral type
of stars with unusual photometric indices and found that MX
Vir is a star with F5Vp (Sr, Cr, Eu strong; Ca weak) spec-
tral type. Perry and Christodoulou (1996) computed color
excesses and distances for southern A-early F stars, includ-
ing MX Vir. Paunzen and Maitzen (1998) identified new,
variable, chemically peculiar stars using the Hipparcos cat-
alog, in which the spectral type of MX Vir was given as F3.
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De Cat et al. (2006) gave the spectroscopic study results of
37 candidate y Doradus stars, and they determined MX Vir
to be a § Scuti star with a F21I spectral type. Bruntt, De Cat,
and Aerts (2008) studied the southern y Doradus stars, spec-
troscopically, and gave the abundance amounts of MX Vir.
Casagrande et al. (2011) presented improved astrophysical
parameters for the Geneva—Copenhagen Survey (GCS). They
gave the T.¢ Fe/H, and log gof MX Viras 6803 + 136 K, 0.31,
and 3.57, respectively. Rainer et al. (2016) presented spec-
troscopic information on the observed targets using HARPS
spectra. In this study, MX Vir’s parameters and variability type
were given as T.;= 7002 K, logg= 3.25, [Fe/H] = —0.06
and § Scuti. The mean T, and logg of MX Vir were given
in the study by Barcel6 Forteza et al. (2020) as 7400 K and
3.58, respectively. Barac et al. (2022) determined the dominant
frequency to be 6.49 d~' using TESS data. Royer et al. (2024)
presented a new spectral library consisting of 3256 spectra
containing 2043 stars, including MX Vir.

A.1.910 Lup

IO Lup is one of the relatively least studied stars among our
target stars. It was recorded in Paunzen and Duffee (1996);
they chose it as a comparison star for a survey to detect vari-
ability in A Bootis stars, because of IO Lup’s classification as
Am star (Houk 1982). Royer et al. (2002) measured vsini
of A-type stars in the northern and southern hemispheres.
They gave the rotational velocity and spectral type of the
star as 15kms~" and ASmAS-F2. Rainer et al. (2016) deter-
mined the atmospheric parameters of IO Lup as T 4 = 7550K,
logg=3.37, and [Fe/H] = 0.28 using the spectra obtained
with the ESO echelle spectrograph HARPS. Mellon et al.
(2019) searched for periodic variations in the data obtained
by Ring instruments located in South Africa and Australia;
they included IO Lup in their list and gave a pulsation fre-
quency value of 13.40 d~! for it.

A.1.10 UV PsA

Houk (1982) gave the spectral type of UV PsA as F2 III(m).
Koen et al. (1995) presented differential photometry in the
VB wavebands for 11 § Scuti stars together with UV PsA,
nine of which were not previously known to be variable
stars. Smalley et al. (2011) studied over 1600 Am stars us-
ing SuperWASP photometric data with a photometric preci-
sion of 1mmag. They gave the stellar parameters (spectral
type =F1m, log T.¢s = 3.843, log(L/Ly) = 1.120), pulsation
class (8 Scuti), and identified frequencies of UV PsA. Rainer
et al. (2016) derived the atmospheric parameters and vari-
able type of UV PsA using HARPS spectra as T.4= 7918
K, logg=4.00, [Fe/H] = 0.18, and § Scuti. Barac et al.
(2022) determined the dominant frequency as 9.15 d~! for
UV PsA in their catalog of 372 bright § Scuti stars and
their period-luminosity relation using TESS and Gaia DR3
data.

Appendix 2 Supplementary tables

Table 7 provides the list of absolute chemical abundances de-
rived for the target stars. The numbers in parentheses repre-
sent the number of lines used in the estimation of the chem-
ical abundances of the individual elements. Table 8 provides
the significant oscillation frequencies and their corresponding
amplitudes for all targets. SNR denotes the signal-to-noise ra-
tio.
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