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Abstract

We propose that TIC 448892817 is a double-mode high-amplitude § Scuti star. The radial modes detected in this
star provide a unique opportunity to exploit asteroseismic techniques up to their limits. 30 significant frequencies
are detected by frequency analysis, while two of them are independent frequencies, i.e., FO = 13.43538(2) day '
and F1 = 17.27007(4) day . The ratio of f; /f> is measured to be 0.777957(2), suggesting that this target is a
double-mode é Scuti star. Nearly all the light variation is due to these two modes and their combination
frequencies, but several other frequencies of very low amplitude are also present. The stellar evolutionary models
were constructed with different mass M and metallicity Z using Modules for Experiments in Stellar Astrophysics
(MESA). The frequency ratio f; /f> obtained by the model is smaller than those obtained by observation. This might
be caused by the rotation of the star pointing that rotational effects are more important than previously thought in
HADS stars. This is something that deserves to be investigated in future works with models including rotational
effects for moderate to intermediate rotators such as FILOU. On the other hand, the parameters obtained from
MESA agree well with previous results as well as by observational spectra. The best-fitting model shows that TIC
448892817 is close to entering the first turnoff of the main sequence. In order to accurately determine the effective
temperature and metallicities, thus further narrowing the parameter space of this star, we suggest high-resolution

spectra is highly desired in the future.

Unified Astronomy Thesaurus concepts: Asteroseismology (73); Delta Scuti variable stars (370); Stellar

oscillations (1617)

1. Introduction

A useful task for diagnosing the physical structure of
pulsating stars is asteroseismology (e.g., Brown & Gilliland
1994; Dupret et al. 2004; Aerts et al. 2010; Catelan & Smith
2015; Garcia & Ballot 2019; Daszyniska-Daszkiewicz et al.
2020). During the last years, as a number of missions have
received high-resolution data (such as the Microvariability and
Oscillations of STars; Walker et al. 2003; Convection,
Rotation, and planetary Transits; Auvergne et al. 2009; and
Kepler; e.g., Gilliland et al. 2010; Koch et al. 2010), so
asteroseismology have been extensively studied (e.g., Yu et al.
2018; Aerts 2021; Bowman et al. 2021; Mombarg et al. 2021;
Stello et al. 2022). More recently, TESS surveys most (~85%)
of the sky within the 26 sectors during two years of the primary
mission (Ricker et al. 2015) and contributed high-quality
photometric light curves of nearby stars (e.g., Campante et al.
2016; Huber et al. 2019). Using such a high-quality database
for research will make a significant contribution to the
development of asteroseismology as well as stellar structure
and evolution.

The 6 Scuti star overlay in the Hertzsprung—Russell diagram
is roughly divided into two parameter space types, one for the
transition region from slowly rotating low-mass stars with
radiative cores and thick convective envelopes (M < 1.5 M),
and the other for rapidly rotating intermediate mass stars with
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convective cores and predominantly radiative envelopes
(M >2.5M_). Such variations in the structure of stars allow
the exploration of many different aspects of physics, including
pulsation, rotation, magnetic fields, and chemical peculiarities
(e.g., Murphy et al. 2015; Saio et al. 2015; Chen et al. 2019;
Bowman et al. 2021; Thomson-Paressant et al. 2021). There-
fore, the investigation of § Scuti stars is extremely important for
testing stellar evolution models. Many pulsation frequencies
can be detected in ¢ Scuti stars corresponding to different
pulsation modes. These are mainly radial and nonradial modes
(e.g., Breger 2000; Uytterhoeven et al. 2011) and are typically
excited by the x mechanism (e.g., Breger 2000; Aerts et al.
2010). These pulsation modes are generally identified as low-
radial-order (n) low-degree (/) pressure (p) modes (e.g.,
Viskum et al. 1998; Aerts et al. 2010; Uytterhoeven et al.
2011; Chen et al. 2019). The ¢ Scuti stars also exist in binary
systems (e.g., Chen et al. 2019; Lv et al. 2021), and more
precise stellar parameters are obtained by comparing the results
of the binary orbital parameters with the results of the
asteroseismology analysis. Thus, these targets are excellent
samples for asteroseismic study, as they could improve our
understanding of stellar structure and evolution (e.g., Guo et al.
2019; Murphy et al. 2020; Miszuda et al. 2021).
High-amplitude 6 Scuti (HADS) stars are a subclass of ¢ Scuti
stars, which are typically slow rotators with v sin i < 30kms ™",
pulsation periods between 1 and 6 hr, and peak-to-peak
light amplitudes above 0.3 mag (McNamara 2000). Prior to
the release of high-precision space data, the detected HADS
usually had only one or two radial pulsation modes of the
fundamental and/or first overtone mode (e.g., Poretti et al. 2005;
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Yang et al. 2012; Niu et al. 2017; Xue et al. 2018; Yang et al.
2018). Advances in sophisticated data processing techniques,
such as Lares-Martiz et al. (2020), have made possible that
frequencies of low amplitude could be found in the spectrum of
HADS as well (e.g., Poretti et al. 2011; Bowman et al. 2021).
According to the ratio among the frequencies, the radial modes
of HADS could be identified (Petersen 1973), and then by
constructing radial frequencies models and comparing the
models ratio with the observed ratio, several basic parameters
of the star could be obtained, as well as the evolutionary stage
(e.g., Xue et al. 2018; Bowman et al. 2021; Daszyrska-
Daszkiewicz et al. 2022; Lv et al. 2022). A detailed seismic
modeling of SX Phe performed by Daszyriska-Daszkiewicz et al.
(2020), confirmed its post-main-sequence evolutionary stage by
using a high-precision photometry collected from TESS mission.
Lv et al. (2021) report a detailed light curve analysis of the
Kepler target KIC 12602250, and their results show that KIC
12602250 is just pulsating at two radial frequencies. It seems
unusual for a low amplitude 6 Scuti to have such a clean
spectrum, it might be helpful to explore the difference between
HADS and normal 6 Scuti stars. Therefore, detecting low-
amplitude frequencies will enrich the features of light variation
and improve the understanding of HADS.

TIC 448892817 (2000 = 14":26™:05.899°, 6,000 = +01°:
26':25"7727) was classified as a HADS with a pulsation period
of 0.07443 days by Khruslov & Kusakin (2013). Recently,
Hasanzadeh et al. (2021) conducted a statistical analysis of the
relations between the asteroseismic indices and stellar para-
meters of & Scuti stars, TIC 448892817 is included in the
statistical work and the asteroseismic indices are given.
Combining the pulsation characteristics of HADS one may
presume that the mode of highest amplitude is a radial mode.
Since there is no rotational splitting for radial modes, it provides
a very valuable constraint on the models. One would also expect
that other radial modes might be present, which can be identified
from the period ratio in the Petersen diagram (Petersen 1973).
The double radial modes and low-order regime (around FO)
frequencies allow to analyze the stellar asteroseismic indices,
making it an excellent target for study. In order to limit the
parameters more accurately and attempt to give the evolutionary
stages of this star, we downloaded the high-precision photo-
metric data provided by TESS and conducted a detailed study.
The fundamental parameters of this star are listed in Table 1.

In this paper, Section 2 introduces the observations of TIC
448892817. The frequency analysis is presented in Section 3.
In Section 4, we construct stellar evolution models and make
pulsation frequency fitting. A brief discussion and the
conclusions are presented in Sections 5.

2. Observations and Data Reduction

The TESS Space Telescope (Ricker et al. 2015) observed
TIC 448892817 during Sector 5 for 25.6 days from Barycentric
Julian Date (BJD) 2458438.06485 to 2458463.70366 in 2
minutes cadence, and for 26 days from BJD 2458437.99541 to
2459463.99534 in 30 minutes cadence. All the data were
downloaded from TESS Asteroseismic Science Operations
Center (TASOC) database.® Since the lengths of the two data
sets are approximately equal, shorter exposures allow for larger
Nyquist detection limits. Therefore, we only used 2 minute
observations in the subsequent study.

6 TASOC: https://tasoc.dk /search_data/.

Lv et al.
Table 1
Basic Properties of TIC 448892817

Parameters TIC 448892817
T mag 12.2277 a
Period 0.07443 days c
Teff 7253 K a
7798 £ 200 K b
log g 3.956 dex a
4.004 £ 0.021 dex b
Fe/H —0.227 a
—0.149 £ 0.011 b
B 12.28 mag a
\%4 12.67 mag a
J 11.87 mag a
H 11.67 mag a
K 11.67 mag a
Gaia 12.48 mag a

Note. (a) Parameters from the TASOC. (b) Parameters from the LAMOST. (c)
(Khruslov & Kusakin 2013).

In this work we use the corrected flux and convert it to
magnitude. The average value for each sector is then subtracted
to obtain the corrected time series. After the above processing,
a rectified light curve of 17246 data points with a time span of
about 25.6 days was finally obtained. Figure 1 shows a portion
of the rectified light curve of TIC 448892817 covering 2.9 days
for the 2 minutes cadence, and the peak-to-peak amplitude of
TIC 448892817 obtained from the rectified light curve is ~0.32
mag, which is typical for HADS stars.

3. Frequency Analysis

To analyze the pulsating behavior of TIC 448892817, the
software PERIOD 04’ (Lenz & Breger 2005) was used during
this work. A minimum sampling frequency is set for the
Nyquist frequency to prevent alias frequencies (Bowman et al.
2016). The Nyquist frequency of 2 minute cadence observa-
tions is fy = 360 day ', well above our limit range of 0 < f <
50 day ' for the extracted frequencies. The range of frequen-
cies we extracted covers the typical pulsation interval of § Scuti
stars. In order to distinguish between adjacent closer frequen-
cies in the power spectrum, we use the resolution frequency
Jres= 1.5/AT (Loumos & Deeming 1978), where AT is the
length of the data set. When the difference between these two
frequencies is larger than the resolution frequency, we assume
that these two frequencies have been resolved. The resolution
frequency fi.s = 1.5/AT is 0.0586 day ' for TESS Sector 5.

The rectified light curve was fitted with the following
formula:

N

m=my+ Y AisinQn(fit + ¢)), (1)

i=1

where mg is the zero point, A; is the amplitude, f; is the
frequency, and ¢; is the corresponding phase. In the process of
extracting significant frequencies, we usually identify the
highest peaks as significant frequencies. The multifrequency
least-square fit of the light curve for all detected significant
frequencies is then performed using Equation (1) to obtain
solutions for all frequencies. The residuals are obtained by

7 https: //www.univie.ac.at/tops/Period04 /
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Figure 1. A portion of the rectified light curve of TIC 448892817 covering 2.9 days for the 2 minutes cadence. The amplitude of the light curve is about 0.32 mag.
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Figure 2. Fourier amplitude spectra for the light curve of TIC 448892817. The top panel shows the independent frequencies FO and F1 of 2 minutes cadence. The
bottom panel shows the residual spectrum after the extraction of all significant frequencies. No peak is statistically significant in the residual.

subtracting the theoretical light curve constructed by the above
solution from the rectified data and continuing the next search
using the obtained residuals, repeating the above steps until no
significant peaks are found in the spectrum. After any new
detection, the set of previously detected frequency values is
refined. As the criterion for determining if a detected peak is
significant or not we use the signal-to-noise ratio (S/N) >4
suggested by Breger et al. (1993). The frequency uncertainty
was determined according to the method proposed by
Montgomery & O’donoghue (1999). Figure 2 shows the
amplitude spectra for 2 minute cadence data, and the bottom
panel shows the residual amplitude spectra after all significant
peaks were prewhitened.

Through Fourier transforming the spectrum of TIC
448892817, a total of 30 frequencies were detected.

Stellingwerf (1979) was one of the first papers to predict the
period ratios based in theoretical structure models and
presented the period ratios of the first two radial modes as:
fi/f> =(0.756-787). The two high-amplitude modes of TIC
448892817 have a frequency ratio of 0.777957(2) identifying
them as the fundamental and first overtone radial modes
(Breger 2000). Combination frequencies were identified by
searching for linear sum and difference frequencies, nv; &= my;,
with the Loumos & Deeming (1978) criterion as a tolerance
and assuming that the highest-amplitude peaks within a
combination family are the real pulsation mode frequencies
(Kurtz et al. 2015). Therefore, the fundamental frequency f;
with “F0”, first overtone f, with “F1” and the combination
frequencies (i.e., f3, fs, fz...f13) and harmonics frequencies (i.e.,
f1, fo, f7) of the two radial modes are listed in Table 2. Note that
some peaks originated from combinations (e.g., FO+F1 and
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Table 2
The Radial Pulsation Mode Frequencies in SC data of TIC 448892817

fi Frequency (day’l) Amplitude (mmag) Phase (rad) S/N Comment
1 13.43538 4+ 0.00002 84.71 + 0.09 0.8868 + 0.0002 224.5 FO

2 17.27007 4 0.00004 48.53 +0.09 0.3028 £ 0.0003 139.6 F1

3 30.7054 + 0.0001 18.15 + 0.09 0.1961 + 0.0008 124.3 FO+F1
4 26.8706 + 0.0001 15.59 +0.09 0.8888 + 0.0009 89.6 2F0

5 44.1406 4+ 0.0003 5.51 +0.09 0.143 £ 0.003 53.7 2F0+F1
6 34.5396 + 0.0004 4.81 £ 0.09 0.341 £ 0.003 36.4 2F1

7 40.3057 4+ 0.0006 3.14 +0.09 0.048 + 0.004 26.4 3F0

8 47.9752 + 0.0007 2.80 4+ 0.09 0.759 + 0.005 343 F0+2F1
9 9.5939 + 0.0008 2.30 +0.09 0.498 + 0.006 5.7 2F0—F1
10 21.1044 £ 0.0009 1.99 + 0.09 0.439 + 0.007 13.1 2F1-F0
11 3.836 + 0.001 1.92 +0.09 0.315 £+ 0.007 4.5 F1-F0
12 23.033 £ 0.002 0.94 + 0.09 0.65 + 0.02 6.9 3F0—F1
13 24.904 + 0.002 0.98 + 0.09 0.28 +0.01 6.6 3F1-2F0

Note. Among these frequencies, two peaks are independent frequencies, others are harmonic or combinations (denoted by f;).

2F1) in the upper panel appear to correspond with aliases in the
lower panel. Since this happens just with a few peaks and,
taking into account that the observations are from different
sectors, it appears it is just coincidentally. The remaining 17
frequencies are nonradial pulsation frequencies listed in
Table 3. It is worth noting that 21.851(2) day ' is in FO/F2
range could be second overtone, we estimate the pulsation
constant Q with the value of the stellar mean density (see
Section 3.1) through the relation P,/p/p. = Q, P is the period,
the pulsation constant Q of 21.851(2) day_l is 0.0181(8). The
pulsation constant is typically 0.020 for the second overtone
of a 6 Scuti star (Antonello & Pastori 1981), so the second
overtone is excluded.

3.1. Studying the Large Separation

Despite the fact that § Scuti stars do not pulsate in the
asymptotic regime, there exists several works related to the
search for large separations in their pulsation spectra since the
end of the twentieth century (e.g., Handler & Breger 1997;
Breger et al. 1999; Garcia Herndndez et al. 2009, 2013; Papar6
et al. 2016; Bedding et al. 2020). The revolution came with the
establishment of a relation between this large separation in the
low-order regime and the stellar mean density, from the
modeling (e.g., Reese et al. 2008; Sudrez et al. 2014; Ouazzani
et al. 2015) and, especially, from the observations (e.g., Garcia
Hernédndez et al. 2015; Garcia Hernandez et al. 2017; Bedding
et al. 2020; Hasanzadeh et al. 2021). It was demonstrated that
this relation is invariant to rotation (e.g., Reese et al. 2008;
Garcia Herndndez et al. 2015), although the value of Av itself
does change from a nonrotating to a rotating star of the
same mass.

To find the large separation, Av, in the low-order regime of
TIC 448892817, we followed the methodology of Garcia
Hernandez et al. (2009, 2013) and Ramodn-Ballesta et al.
(2021), using the Fourier transform (FT), the autocorrelation
function (AC), and the histogram of frequency differences
(HFD). When doing all these transformations, the amplitudes
of the frequencies have been equalled to one. We just selected
the frequencies listed in Table 3 in order to avoid combination
frequencies that do not correspond to excited modes. The result
of this procedure is shown in left panel of Figure 3, where the
black line is the FT, the blue line is the AC and the gray bars
represent the HFD. All the transforms have been normalized to

Table 3
Additional Independent Frequencies Extracted from the 25.6 days 2 minutes
Cadence TESS Data of TIC 448892817

fsi Frequency (day ') Amplitude (mmag) Phase (rad) S/N
1 25.6870 £ 0.0003 7.00 £ 0.09 0.830 £ 0.002 25.6
2 24.8466 £ 0.0006 3.05 £ 0.09 0.332 £ 0.005 19.2
3 39.1209 =+ 0.0008 2.45 4+ 0.09 0.832 £ 0.006 16.6
4 42.956 = 0.001 1.65 £ 0.09 0.599 £ 0.008 12.6
5 38.282 £ 0.002 1.07 £ 0.09 0.34 + 0.01 9.0
6 29.519 £ 0.002 0.82 £0.09 0.50 £ 0.02 6.5
7 42.121 £ 0.002 0.83 £+ 0.09 0.55 +0.02 7.8
8 21.851 £ 0.002 0.79 £ 0.09 0.81 £0.02 6.1
9 26.131 4 0.003 0.72 £+ 0.09 0.38 +0.02 6.0
10 24.640 £ 0.003 0.71 £ 0.09 0.40 £+ 0.02 5.7
11 33.259 £ 0.003 0.62 £+ 0.09 0.95 +0.02 5.5
12 40.879 £+ 0.003 0.58 £0.09 0.01 £0.02 59
13 35.287 £ 0.004 0.53 £+ 0.09 0.77 £ 0.03 43
14 36.471 £+ 0.004 0.50 £ 0.09 0.76 £ 0.03 4.3
15 38.374 £ 0.004 0.48 £+ 0.09 0.61 +£0.03 4.4
16 22.286 £ 0.004 0.47 £0.09 0.07 £0.03 44
17 33.138 £ 0.004 0.42 £+ 0.09 0.08 +0.03 4.1

Note. FO, F1, and all their significant combinations and harmonics frequencies
have been removed.

the highest peak for visualization reasons. As can be seen, a
clear peak at around 3.8 day ' (44 ;Hz) appears in the AC and
the bf HFD (buried under the red dotted—dashed line). This
value is compatible with that found by Hasanzadeh et al.
(2021). The FT does not show a peak around Awv although it
shows the half, around 22 pHz, but also 1/3 (14.5 pHz) and
1/4 (11 pHz). The absence of the of Av in the FT but its half is
something expectable (see, for example, Garcia Herndndez
et al. 2009) and the presence of more submultiples indicates
that the correct value is 44 and not 22 yHz.

We can also take a look to the échelle diagram using this
value. In right panel of Figure 3, we can clearly see how the
ridges follow Av. In this diagram, we have also added the
fundamental mode and the first overtone to the nonradial
modes used in the transformations. The frequencies plotted
have amplitudes of 1, and those placed in the lowest part of the
diagram correspond to FO and F1. They are also separated by
3.8 day ' despite they also show a ratio of FO /F1=0.777957
(2). This coincidence happened just by chance since FO and F1
usually are not separated by Av. The échelle diagram allows us
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Figure 3. The left panel shows the procedure to find Av. The black line represents the Fourier transform (FT) of the frequencies, the blue line is the autocorrelation
function (AC), and the gray lines plot a histogram of frequency differences (HFD), following the methodology of Garcia Hernandez et al. (2009, 2013) and Ramén-
Ballesta et al. (2021). The red dotted—dashed line indicates the identified value of Av = 3.8 day" (44 iHz), corresponding to the most prominent peak in the AC and

HFD (see details in the text). The right panel shows an échelle diagram of the frequencies depicted with a normalized amplitude of 1 in purple. The value of 3.8 day ™
(44 pHz) is used for the plot. The organization of the frequencies is clearly visible.

to constrain the uncertainty in Av=3.8040.01 day '

(44.0 £ 0.1 pHz).

With the value of Av and the empirical relation by Garcia
Hernandez et al. (2017), we can estimate the stellar mean
density and the surface gravity as: p = 0.22+0.02 gcm >
and logg = 3.99 4+ 0.06.

4. Stellar Model and Fitting Results

A grid of stellar evolutionary models was constructed and
their corresponding adiabatic frequencies were calculated
using the Modules for Experiments in Stellar Astrophysics
(MESA; Paxton et al. 2011, 2013, 2015, 2018, 2019) and the
stellar oscillation code GYRE (Townsend & Teitler 2013).
The construction of our theoretical models are based on the
OPAL opacity table GS98 (Grevesse & Sauval 1998) series.
In the convective region the classical mixing length theory
(Bohm-Vitense 1958), with mixing-length parameter o = 1.90
(Paxton et al. 2013), was used. Effects of element diffusion,
convective overshooting, and rotation are not included in our
calculations.

In our calculations, we set the initial helium fraction
Y=0.249+1.33Z (Li et al. 2018) as a function of the
metallicity Z. We chose to survey a range of models with
different metallicities between 0.002 < Z < 0.032 in steps of
0.002, and determine the best-fitting mass and age. The stellar
mass M varies from 1.50 to 2.80 M., with a step of 0.01 M.
Each model in the above grid was evolved from the zero-age
MS to the post-MS stage with T = 5600 K.

Due to the high quality of the TESS data, the two dominant
pulsation mode frequencies and their frequency ratio are very
precise. For further confirmation we also calculated the
absolute magnitudes for TIC 448892817 using

My = V —5logd +5 — Ay, 2)

where My and V denote the absolute and apparent magnitudes
in the V band, respectively, Ayis the extinction due to
interstellar dust, and dis the distance in pc. Extinctions were
derived from Schlafly & Finkbeiner (2011). The distance we
use is obtained from Bailer-Jones et al. (2021). According to

1

the apparent magnitudes V (12.659 +0.114 mag) given by
Stassun et al. (2019), the My was obtained as 2.11700) mag,
which is consistent with the P-L relation obtained by Ziaali
et al. (2019).

The frequency and frequency ratio of radial modes depend
primarily on the mass, age, evolutionary stage, and metallicity.
Then a sensible method to model TIC 448892817 is by using
Petersen diagrams. Petersen diagrams, therefore, provides a
useful diagnostic method in terms of constraining these
parameters of radial pulsators (e.g., Petersen 1973; Petersen
& Christensen-Dalsgaard 1996; Daszyniska-Daszkiewicz et al.
2020; Bowman et al. 2021; Lv et al. 2022). We provide the
best-fitting mass, Z, effective temperature, luminosity, surface
gravity, age, theoretical frequency of fundamental, first over-
tone radial modes, and their ratios listed in Table 4. The ratio

f1/f> is mostly in the narrow range 0.77 < P, /Py < 0.78. Lower

metallicity has the effect of shifting period ratios toward
slightly higher values for the same mass (Balona et al. 2012).
As can be seen from the table, the model ratios are closer to the
observed values for models with lower metal abundances.
These models with low metallicity give temperatures that are
significantly larger than the typical temperature range of ¢ Scuti
stars and the observed values from LAMOST (Cui et al. 2012).
Moreover, the metallicity obtained from LAMOST was also
significantly greater than 0.001. In Figure 4 we showed the
evolutionary tracks of the models in Table 3 except for the low-
metallicity models from the zero-age MS to the post-MS stage
in order to better understand the evolution of TIC 448892817.
The color lines represent different combinations of metallicity
Z and mass M. Then, by using the method from Chen et al.
(2019) to select the best-fitting models, the goodness of fit can
be obtained, by comparing model frequencies with the
observed frequencies FO, F1. In order to be in line with the
derived value of T, given by TESS (7253 K) and LAMOST
low-resolution spectrum (7798 +200 K; Xiang et al. 2015),
models with a broader range of temperature between 7000 and
8500 K were adopted. We note all these models suggest that
TIC 448892817 is located on the close to the first turnoff of the
main sequence.
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Frequency f, as the Radial First Overtone (I = 0)

Table 4
The Parameters of the Models that Reproduce Exactly the Observed Dominant Frequency f; as the Radial Fundamental Mode (/ = 0) and Closely Match the Observed

Lv et al.

M (M) z log Tu log(L/L.) logg Age (10° yr) fi (day™") f> (day™") hlk

1.63 0.0009 3.9865 1.5371 4.0124 1.0675 13.4376 17.2691 0.7781
1.64 0.0009 3.9882 1.5456 4.0135 1.0467 13.4378 17.2699 0.7781
1.67 0.001 3.9906 1.5604 4.0163 0.9905 13.4286 17.2652 0.7778
1.63 0.006 3.8987 1.1780 4.0203 1.1690 13.4104 17.2866 0.7758
1.65 0.006 3.9007 1.1894 4.0221 1.1083 13.4086 17.2778 0.7761
1.67 0.006 3.9107 1.2333 4.0236 1.1081 134111 17.2905 0.7756
1.68 0.006 3.9064 1.2177 4.0246 1.0437 13.4063 17.2755 0.7760
1.74 0.006 3.9183 1.2752 4.0299 0.9328 13.4104 17.2769 0.7762

Note. All models have an initial hydrogen abundance of X, = 0.70, mixing length parameter o« = 1.9. The mass, Z, effective temperature, luminosity, surface gravity,

age, theoretical frequency of fundamental, first overtone radial modes, and their ratios of best-fitting models are provided.
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Figure 4. Evolutionary tracks from the zero-age MS to the post-MS for the 5
candidate models except for the low metallicity models, as listed in Table 3.
The plus sign mark the minimum y? for each specific model by fitting the
calculated f; and f> with the observed values. The two vertical dotted lines mark
Tegr at 7000 K and 8500 K, respectively.

5. Discussion and Conclusions

The models in Table 4 except for the low-metallicity models
shows that the frequency ratios f /> obtained by the models are
smaller than those obtained by observation. HADS typically
has a low rotational velocities with v sin i < 30 kms™', Sudrez
et al. (2007) propose that the effect of near degeneracy on the
frequencies becomes very important for rotational velocities
larger than about 15—20 km s~ '. Calculating the period ratios
for different rotational velocities (rotational Petersen diagrams)
and metallicities and then comparing them with classical
nonrotating ones, Sudrez et al. (2006), Daszyniska-Daszkiewicz
et al. (2020) concludes that the period ratio f /f> increases with
the increase in rotational velocity. Even for slow rotators, the
effect of rotation on the period ratio can be significant (Sudrez
et al. 2007). Thus, if the observed ratio is larger than the
calculated this might be caused by the rotation of the star.

The degeneracy between mass and age cannot generally be
broken by fitting the two pulsation modes alone (Bowman et al.
2021). Hence one needs additional information, such as fitting
a third mode or including spectroscopic constraints, to
constrain the age of a star. The target is an excellent object
of study since it has not only two confirmed radial modes but
also the large separation in the low-order regime, allowing us to
obtain asteroseismic indices. The models result we obtained

could be verified by comparing the stellar density deduced
from the asteroseismic indices and obtained from the best-
fitting models.

Hasanzadeh et al. (2021) investigate the relationship between
the asteroseismic indices and the physical quantities of 438 6
Scuti stars observed by the TESS mission at 26 sectors. They
used an empirical relation and a 2D autocorrelation method
(see Figure 5 in Hasanzadeh et al. 2021) to derive the
asteroseismic indices of these stars. Table 5 shows the
parameters from Hasanzadeh et al. (2021) and the parameters
obtained by our best-fitting model for TIC 448892817. We
obtain essentially the same parameters as shown in the results.
In addition, the basic parameters we obtained from the best-
fitting model are close to the spectroscopically measured values
from LAMOST. Hasanzadeh et al. (2021) gives the aster-
oseismic indices Vya and Av for TIC 448892817 as 35.42
day ' and 3.85 day ', respectively. Then using the relationship
between Av and ./p (Hasanzadeh et al. 2021), we derive a
mean density that is basically consistent with the density
obtained by our models p=0.262 gcm .

To better understand the evolutionary state of this star, a
comparison was made with five other HADS stars (Xue et al.
2018). According to the basic pulsation relation P,/p/p, = Q.
Since TIC 448892817 has the shortest period, according to the
period density relation, the star has the largest p among the six
HADS, revealing that TIC 448892817 is still at an earlier stage
than the others, which is consistent with the tendency derived
by Xue et al. (2018). This indicates that TIC 448892817 is
close to entering the first turnoff of the main sequence.
Although we have compared our model results with the stellar
parameters calculated by the asteroseismic indices and the
results are generally consistent, we still suggest high-resolution
spectra is highly desired in the future, which would provide
other parameters as rotational velocity, and further narrow
down the parameter space of this star. In fact, an interesting
result of this study is that, as suggested by Sudrez et al. (2007),
even a moderate rotational velocity cannot be neglected (as it is
usually done) to properly model the HADS stars. The GALAH
Survey (Buder et al. 2018) provides a rotational velocity for
this target of v sin i = 12 km stextsuperscript— 1. Therefore, this
target deserve a further study introducing pulsation models that
take into account high-order effects of rotation, such as Sudrez
& Goupil (2008). This important result point, for the first time,
to the necessity to include rotational effects to model properly
HADS stars.
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Table 5
Stellar Parameters Derived from Hasanzadeh et al. (2021) and the Best-fitting Model in this Work
Mass (M) Radius (R.) logg log(L/L:)
Hasanzadeh et al. (2021) 1.63 +0.27 222 4+0.15 3.96 + 0.1 1.091 + 0.181
This work 1.68 2.08 4.02 1.218
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