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ABSTRACT

We present the discovery of 269 pulsating variable stars of 6 Scuti, y Doradus, and Maia types in the vicinity of
the open cluster NGC 6871, using data from the Transiting Exoplanet Survey Satellite (TESS). Our small-scale
regional survey centered on the § Scuti star V1821 Cyg in the open cluster NGC 6871, covering a radius of one
degree. The results include a remarkable total of 1512 newly classified variable stars, comprising the following
categories: 105 § Scuti stars, 121 y Doradus stars, 50 Maia variables, 198 eclipsing binary systems, with 12
exhibiting pulsating or rotating components, 500+ rotating variable stars, and dozens of other types. Out of
1512 newly discovered variable stars, 108 are confirmed members of NGC 6871 with a membership probability
exceeding 50%. Notably, dedicated Fourier analyses were applied to eight representative stars from the newly
discovered variables. Among these, one star exhibits a rich and complex pulsation spectrum characterized
by amplitude variations in dominant pulsations. To contextualize the new pulsators, we plotted them in
the Hertzsprung-Russell diagrams alongside the largest known group of class member stars. Surprisingly,
both 6 Scuti and y Doradus stars occupy nearly the same region in the diagrams, hinting at a potential
unified pulsation mechanism. This study contributes valuable insights into the variability census of NGC 6871
and sheds light on the pulsation behavior of different stellar types. Further investigations into the physical
properties and evolutionary status of these stars are warranted.

1. Introduction

Variable star analysis and classification is an important task in
understanding stellar features and processes. Several all-sky variability
surveys on ground together with the advent of high-precision space-
based photometry projects have revolutionized the identification and
classification of variable stars. Both automated classification employing
supervised machine learning techniques and traditional visual inspec-
tion play crucial roles in this endeavor. Notable projects such as,
OGLE-1IV (Soszynski et al., 2021; Pietrukowicz et al., 2020), ASAS-SN
Catalog of Variable Stars X (Christy et al., 2022), ZTF (Bellm et al.,
2019; Masci et al., 2019; Ofek et al., 2020; Chen et al., 2020), the Kepler
variables (Bass and Borne, 2016; McQuillan et al., 2014; Slawson et al.,
2011; Uytterhoeven et al., 2011) and the TESS variables (Fetherolf
et al., 2023; Prsa et al., 2022; Balona, 2022b,a; Balona and Ozuyar,
2020; Antoci et al., 2019), alongside the expansive Gaia DR2 Vari-
ability Results of 363969 records (Gaia Collaboration et al., 2018a),
and Gaia DR3 Part.4 Variability catalogs of 9976 881 variables (Gaia
Collaboration et al., 2023), have amassed an unprecedented volume of
variable stars. These stars, meticulously categorized by their variability
mechanisms, are invaluable astrophysical probes for unraveling the

structure and evolution of the Milky Way Galaxy and the cosmos at
large.

Main-sequence stars of spectral types A and F (hereafter ‘AF’ stars),
stand out as prime subjects for pulsational variability studies. However,
their inherent rotation — often with periods documented in sources such
as McQuillan et al. (2014), Nielsen et al. (2013) — may also lead to
observable brightness fluctuations. These variations are attributed to
starspots with heterogeneous distributions across the stellar surface.
Moreover, the current sensitivity threshold of photometric observations
could potentially obscure the detection of some forms of intrinsic
variability.

The NASA’s Transiting Exoplanet Survey Satellite (TESS, Ricker
et al. 2015) data offer an unparalleled opportunity to examine the light
variations of numerous stars with exceptional precision. In pursuit of
this, we embarked on a mission to identify new variables using space-
borne photometry, achieving a precision of a few parts per million
(ppm). Our goal is to refine the distribution and incidence rate of
variables across the sky and map their populations across the stages of
stellar evolution on the Hertzsprung-Russell (H-R) diagram. Our survey
zeroes in on the discovery of new pulsating AF variables within the
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lower portion of the instability strip, with a focus on the realms of §
Scuti stars and y Doradus stars.

Utilizing TESS data, we conducted a search for new variables within
a 60-arcminute radius centered on the § Scuti star V1821 Cyg, situated
in the open cluster NGC 6871 in the Cygnus constellation. The prelim-
inary findings of this targeted regional survey are summarized in the
research note by Zhou (2023b).

This paper details the final results of our comprehensive survey. Sec-
tion 2 introduces the sample of targets, followed by an exposition of the
analyzed light curves data and the analysis methods in Sections 3 and
4. The following sections present the results in Section 5, discussions of
cluster membership and contamination issues of TESS light curves are
presented in Section 6, and the conclusions in the final section.

2. Sample of targets

The affiliation of a star with a stellar cluster provides independent
measures of its age and distance. When such a member is also a pulsat-
ing variable, it becomes possible to ascertain an asteroseismic age. The
young Galactic stellar open cluster NGC 6871 harbors a rich population
of 6 Scuti stars, with at least 15 including V1821 Cyg and V2238
Cyg (Jeon et al., 2012). Unfortunately, Simbad does not index the other
stars’ variabilities properly, while six of these variables HD 227942,
HD 227876, TYC 2683-2756-1, TYC 2679-1381-1, UCAC4 629-090838
are listed as Gaia DR3 pulsators (Gaia Collaboration et al., 2023).
These six stars’ § Sct type is confirmed in this work. A search within
a 60-arcminute radius centered on NGC 6871 in the Simbad database
revealed 6126 objects. This population includes a variety of variable
types, with 29 explicitly classified as ‘dS*’ (6 Sct), 47 as RR Lyrae,
284 as BY Draconis, 460 as RS CVn, 737 as eclipsing binaries, etc.
Interestingly, no y Doradus stars were found in this search. However,
further inspection of the 29 § Sct stars revealed that 28 stars are
designated as ZTF variables (Chen et al., 2020), and four of them were
previously classified as pulsators with ATO identifiers by Heinze et al.
(2018). Actually, there are more than 33 known § Sct recognized in this
list. Despite its modest apparent angular size of about 32 arcminutes in
diameter (Tadross, 2011) and a membership of fewer than five hundred
stars (see Section 6.2 for details), the region surrounding NGC 6871 is
a fertile field for the discovery of pulsating variables due to several
factors that make it particularly conducive to such a search:

» Discovery Connection: The observation of the known & Sct star
V1821 Cyg (Zhou et al., 2001a) within the open cluster NGC 6871
led to the serendipitous discovery of another § Sct star, GSC 2683-
3076 (also known as V2238 Cyg), by the author (Zhou et al.,
2001b). However, neither star is a member of NGC 6871 (Zhou
et al., 2001b; Reimann, 1989; Delgado et al., 1984).

Optimal Age: NGC 6871 is a young open cluster with an age range
determined between 5.5 and 11.6 Myr (Casado and Hendy, 2023;
Dias et al., 2021; Cantat-Gaudin et al., 2020; Southworth et al.,
2004; Loktin et al., 1994). This young age range, rich in massive
hot stars, makes it a prime hunting field for astronomers seeking
pulsating variable stars. Many types of pulsating variables, like
p Cephei and Slowly Pulsating B-type (SPB) stars, § Scuti and
y Doradus stars, are most active in this age range before they
evolve into more stable burning phases. Studies by Kang et al.
(2007) and Viskum et al. (1997) have shown that open clusters
with intermediate ages between 0.3 and 1.0 Gyr and distances
between 1 and 2 kpc are prime targets for asteroseismological
investigations of § Scuti stars. This preference is due to the well-
understood relationship between a star’s age and its oscillation
frequencies and the versatile application of a color-magnitude
diagram (CMD) for a cluster, as demonstrated by Kjeldsen (2000).
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+ Metallicity Influence: Given the stellar mass and chemical com-
position of a Zero-Age Main Sequence (ZAMS) star, the stellar
modeling can, in principle, predict the stellar evolutionary track.
Metallicity refers to the abundance of elements heavier than
hydrogen and helium in a celestial object. NGC 6871 is known to
have a relatively low metallicity, with [Fe/H] = —0.33 + 0.10dex
(equivalent to Z = 0.009, Paunzen et al. 2010, Tadross 2003)
or a metal abundance of Z = 0.018 (Casado and Hendy, 2023),
contrasts with the solar value Z, = 0.0152. Southworth et al.
(2004) used normal solar helium and metal abundances, a chem-
ical composition of (Z, Y) = (0.02, 0.28), when modeling a NGC
6871 member, the detached eclipsing binary V453 Cygni. Lower
metallicity affects a star’s ability to transport radiation from its
core to its surface, influencing the conditions for pulsations and
driving pulsational instabilities (Catelan and Smith, 2015). Study-
ing pulsators being cluster members helps validate theories about
the relationship between pulsation, rotational velocity, and metal-
licity for normal main-sequence Population I pulsators (see e.g.
section IV of Breger, 1979), and the period-luminosity-metallicity
relations for RR Lyrae stars, Population II Cepheids, anomalous
Cepheids and SX Phe stars pulsating in the fundamental and
first-overtone modes (Nemec et al., 1994).

Field of View: NGC 6871 offers a balance between a rich stellar
population and a relatively sparse field to minimize blending
in CCD observations. However, regarding the TESS CCD cam-
eras, the cluster’s density can still lead to some contamination
by nearby objects in certain stars (see Figs. 1, 2, and 9). This
highlights the need for careful analysis to disentangle the signals
from individual stars.

TESS is designed to monitor approximately ~150 million stars
brighter than TESS magnitude (T},,,) of roughly 16, delivering pho-
tometric precision from 60 ppm to 3%. To capitalize on the highest
photometric quality, our sample is confined to stars with T}, between
16 and 6. From TESS Input Catalog (TIC v8.2, Paegert et al., 2021), we
extracted 52,681 stars within a 60-arcminute radius centered on the §
Scuti star V1821 Cyg, ensuring alignment with TESS premium targets
known for their superior photometry.

Our survey’s target selection relied upon objects unreported for
variability, specifically those of spectral types A and F. This led to
a further refinement based on effective temperatures, filtering for a
range between 10,000 and 6000 K — roughly corresponding to main
sequence stars of spectral types A to F, which include the domains
of § Sct and y Dor stars on H-R diagram. Consequently, we obtained
13,980 stars within the desired temperature bracket. An additional
9468 stars, initially lacking effective temperature data in TESS Input
Catalog (TIC v8.2, Paegert et al., 2021), underwent cross-referencing
with Gaia DR2 (Gaia Collaboration et al., 2016, 2018b) and DR3 (Gaia
Collaboration et al., 2023) for temperature verification and subsequent
filtering. After excluding known variables, we isolated 4,726 candidate
AF stars with uncharted variability and accessible TESS light curves.
The spectral classification was primarily sourced from Simbad or, when
unavailable, was empirically deduced from the effective temperature.

3. The data
3.1. TESS data

The Transiting Exoplanet Survey Satellite (TESS, Ricker et al. 2015)
is an MIT-led NASA mission dedicated to discovering transiting exo-
planets orbiting nearby bright stars by an all-sky photometry survey.
TESS rotates every ~13.7 days per orbit, and it is equipped with four
identical cameras with a combined field-of-view (FOV) of 24° x96°
(known as an observing sector). A brief description of TESS was encap-
sulated in Zhou (2024). Readers can refer to the details in both the TESS
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FOV 20'x80:

Fig. 1. Comparison of TESS images cutout from Full Frame Images (FFI, Sector 55, Camera 3 and CCD 1) with the Digitized Sky Survey image (DSS). Both images are centered on
V1821 Cyg (red cross) and have the same size (99 x 99 pixels), corresponding to a field of view with a radius of approximately 20 arc minutes, but slightly rotated orientations.

FFI cutouts are requested via Astrocut (Brasseur et al., 2019).

Science Data Products Description Document' and the “Characteristics
of the TESS space telescope” web page.”

The TESS space telescope’s 16 2 K x 2 K frame transfer CCDs
are engineered to capture and output images incessantly at 2-second
intervals. These frames, however, undergo on-board processing by
the data handling unit (DHU), which stacks 2-second exposures into
sets of 60, 300 or 900, thus generating images with 2-minute, 10-
minute, and 30-minute cadences for the primary observational data.
The amassed data on spacecraft are relayed to Earth as the spacecraft
approaches its orbital perigee, which occurs roughly every ~13.7 days.
Each celestial sector undergoes a dual observation cycle spanning 27.4
days, punctuated by a systematic intermission ranging from about half a
day to one and a half days between consecutive orbits. Acknowledging
the intricacies of the spacecraft’s timing structure is paramount when
embarking on frequency domain data analysis.

TESS observed the NGC 6871 field in Sectors 14, 15, 41, 54,
55, 74, and 75. For each star, the shortest-exposure light curves are
downloaded from the latest observation (Sectors 1-75), prioritizing
products of 20-second and 2-minute cadences SPOC (MAST Team,
2021a,b), TESS-SPOC (Caldwell et al., 2020), QLP (Huang, 2020), and
TASOC (Handberg et al., 2019) available at Mikulski Archive for Space
Telescopes (MAST?)

TESS has an exceptionally large image scale of 21” per pixel, i.e. the
cameras map a 21 arcsecond? sky area onto a pixel (Ricker et al., 2014),
causing most TESS light curves resulted from aperture photometry of
the combined light of multiple stars. TESS images are highly susceptible
to crowding, blending, and source confusion. When analyzing TESS
light curves, there is considerable risk of attributing detected variability
to the wrong source, which would invalidate any analysis. During
our search and classification of new variables, blending occasionally
occurs. We indeed encountered at least six stars forming three pairs,
each pair exhibits seemingly identical light curves and periodograms
(see Figs. 2 and 9). One blending case is investigated in Section 5.2.
During the identification process, visualization of both light curves and
periodograms has helped mark such cases. Methods for pinpointing the
true variability source are discussed in Section 6.3.

1 https://archive.stsci.edu/missions-and-data/tess
2 https://heasarc.gsfc.nasa.gov/docs/tess/the-tess-space-telescope.html
3 https://mast.stsci.edu/portal/Mashup/Clients/Mast/Portal.html

3.2. Gaia and TIC v8.2 data

Both Gaia (DR2/DR3, Gaia Collaboration et al., 2016, 2018b, 2023)
archive and TESS Input Catalog (TIC v8.2, Paegert et al., 2021) are
employed to retrieve astronomical and stellar parameters for evaluating
stellar properties and their locations on H-R diagram.

4. Data analysis, methodology and identification

The classification of variability types hinges on the integration
of light curve morphology, periodogram analysis, and astrophysical
parameters. This triad elucidates the positioning of stars on the H-
R diagram specific to pulsating variables. Our survey leveraged an
interactive approach, utilizing a Python program refined from Zhou
(2023c¢), which facilitated the entire data processing sequence.

Prior to the acquisition of light curves, we conducted a prelim-
inary variability check for each candidate against a comprehensive
database of known variable stars. This database included the extensive
Gaia DR3 Part.4 Variability (9976881 objects, Gaia Collaboration
et al. 2023), Gaia DR2 Variability Results of 363969 records (Gaia
Collaboration et al., 2018a), 378861 variables in ASAS-SN Catalog
of Variable Stars X (Christy et al., 2023), 123841 and 84206 TESS
variables (Balona, 2022a; Fetherolf et al., 2023), among other scholarly
sources. Subsequent verification was performed programmatically via
online resources such as Simbad and VSX to confirm non-inclusion.
We systematically excluded known variables, stars lacking TESS data,
and those not classified as A or F spectral types. The remaining can-
didates, unreported for variability, constituted the final selection pool.
The intricate steps of the classification process are outlined in Zhou
(2023a,c).

4.1. Light curve morphology of related stars

The light curve morphology of typical y Dor stars is readily dis-
cernible when visualized through one-sector TESS data on a computer
display. This clarity also extends to eclipsing binary systems, RR Lyr
stars of RRab subtype, heartbeat stars, and rotating variables such as
ACV, ELL, and SXARI subtypes. However, for § Sct stars, the application
of Fourier analyses or periodograms is often indispensable to visibly
delineate their frequency spectrum. Given the H-R diagram overlap be-
tween GDOR and solar-like stars, coupled with occasionally ambiguous
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TESS FFI cutout: TIC 40612890 in Sector 55
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Fig. 2. Stars blending in NGC 6871 field, which leads to the same TESS light curves and periodograms. Left: a new 6 Sct star TIC 40612890 (= TIC 1966659741 = HD 227487,
Tae = 97397, red Sun cross), blended by TIC 1966659713 on its lower left (red cross, T,,,, = 10743), while two TIC stars (40612895, 1966659735, red circles on its upper right)

are fainter than 16"2; Right: a new Maia star TIC 273881949 (= HD 227369, T,,,,,

= 1007, red Sun cross) blended by TIC 273881940 (T},

= 12M43, red cross) on its upper left.

ag

In these cases, the Target Pixel Files at bottom are unable to tell real source of variability. The DSS images were captured from the Astroview window in MAST while searching
the TIC catalog. TPFs are FFI cutout sized 15 x 15 pixels, equivalent to FOV of 3’ X 3/, comparable with the top right DSS image.

light curves, frequency analysis emerges as a necessary and beneficial
tool.

Recent models by Xiong et al. (2016) suggest that pulsational driv-
ing of low degree modes in § Sct stars does not occur for effective
temperatures exceeding 9000K. Consequently, Maia variables have
been categorized as either hot and anomalous y Dor stars, hot hybrid &
Sct-y Dor stars, or cool B stars with high-frequency pulsations, following
the observational definition of Maia variables as a hotter extension
of § Sct stars (Balona, 2023; Balona and Ozuyar, 2020). However,
the classification of Maia variables remains a topic of dispute among
astronomers (Kahraman Alicavus et al., 2024).

In our study, which concentrates on DSCT and GDOR types, stars
demonstrating solar-like rotational modulation, classified as ‘solar_rm’
by Gaia DR3, and general various rotating stars classified as
‘ACV|CP|MCP|ROAM|ROAP|SXART’ by Gaia DR3 are collectively des-
ignated as ‘ROT’ type. This follows the precedent set by Balona and
Ozuyar (2020), Balona (2022a), and typically, further subclassifications
is not pursued.

Distinguishing between certain variable star classes can be challeng-
ing, particularly for EB/EW/ELL, DSCT/RRc, and GDOR/ROT(solar-
like). To address these potential ambiguities, two classifications are
assigned during the identification process. A classification of ‘Variable’

is applied when a definitive variability type cannot be assigned. The
‘unclear’ is assigned to serve as a placeholder for uncertain variability
cases. These stars are finally abandoned. However, a crucial strategy is
employed throughout the identification process: we prioritize avoiding
ambiguous classifications for DSCT and GDOR stars, which are our
primary targets of interest.

4.2. Frequency analysis and pulsation spectra of related stars

For identification purpose, we employ the Lomb-Scargle
Periodogram available in Lightkurve (Lightkurve Collaboration et al.,
2018) to obtain the Fourier spectrum in real-time. In the pulsation
analyses of the eight example stars featured in Section 5, we utilized the
pERIOD04 software package (Lenz and Breger, 2005) for Fourier analysis
of their light curves, adhering to the protocol delineated in Zhou
(2024). Initially, a classical Fourier transform is applied to the pro-
cessed light curves, producing an amplitude spectrum that graphically
represents the signal’s intensity across various frequencies. Subsequent
prewhitenings are conducted to isolate significant frequencies. This
iterative process involves subtracting the best-fitting sine waves from
the light curve and recalculating the Fourier transform on the residuals.
With each newly identified frequency, we optimize the parameters of



A.-Y. Zhou

Table 1
Eight representative discoveries of new variable stars. Candidates marked ‘?’ require
further investigation.

SN TIC Simbad main identifier Variability Status

01 TIC 41189624 HD 191025 DSCT/Maia

02 TIC 40831024 HD 227647 DSCT

03 TIC 42254956 HD 227941 DSCT

04 TIC 91945834 - DSCT: mono-periodic
05 TIC 1966084202 - DSCT+GDOR(?)

06 TIC 274636885 TYC 2682-863-1 GDOR

07 TIC 1966186334 - GDOR

08 TIC 89119933 HD 227505 GDOR

all accumulated sine waves through a least-squares fitting procedure.
The prewhitening process continues until the amplitude spectrum is
devoid of significant peaks.

While the initial Fourier spectrum already displays all extractable
frequencies, prewhitening is not strictly necessary for classification
purposes and is thus omitted during the screening process. However,
in detailed analyses, prewhitening is instrumental in verifying that the
identified peaks are genuine and not the result of aliasing. The final
step involves recalculating the signal-to-noise ratio (SNR) based on the
residuals, with all significant frequencies prewhitened.

4.3. Location on H-R diagram of related stars

Our focal subjects, DSCT and GDOR stars, reside in the lower region
of the classical instability trip, on and near the main-sequence evolu-
tionary stage, with some stars just transitioning off the MS. These stars
typically possess masses ranging from 1 to 2 solar masses and exhibit
luminosities below 50 L, with effective temperatures (T,¢; ) spanning
from 6500 to 8500 K, corresponding to spectral types from A2 to late F.
Special consideration is given to stars at the extremities of this range:
those cooler than 6500K, which verge into G-type or solar-like stars,
and those hotter than 8500 K, which approach the Slowly Pulsating
B-type (SPB) domain. In instances of higher luminosity, alternative
classifications are explored.

5. Results

Utilizing data from the Transiting Exoplanet Survey Satellite (TESS),
the author meticulously examined a targeted area centered on V1821
Cyg around the open cluster NGC 6871. The selection of survey sample
stars was strategic, focusing on those with TESS magnitudes (Tmag)
ranging from 6 to 16 mag, matching the TESS premium targets with
high-quality photometry. These stars also fell within the effective tem-
perature range of 10000 and 6000K, roughly corresponding to main
sequence stars of spectral types A to F, which includes the domains of
& Sct and y Dor stars.

Out of the 4726 candidates examined, a remarkable 1512 new
variable stars were identified, categorized as follows: 105 & Sct stars;
121 y Dor stars; 50 Maia variables; 198 eclipsing binary systems,
with 12 exhibiting pulsating or rotating components; over 500 rotating
variables; and a few others.

Comprehensive details for all the newly discovered variables are
available on Zenodo DOI: 10.5281/zenodo.10215618. Below, we
present Fourier analyses on eight exemplary cases from these discover-
ies (refer to Table 1), along with two dozens additional representative
examples of the new variables in Appendix D, Figs. D.19-D.21. All
reported dependent frequencies fall within the adopted frequency
resolution.
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5.1. Four representative 6 Sct stars

5.1.1. 6 Sct: HD 191025

HD 191025 (= TIC 41189624, V = 8"75, A5V) was observed by
TESS in Sectors 14, 15, 41, 54, and 55, with 2-minute cadence. No
variability was found in the literature, Simbad/CDS and VSX. We se-
lected the light curves in the three sectors in proximity: 41, 54, and 55,
a Fourier analysis was conducted and resulted in multiple frequencies
(Fig. 3). We noted the presence of several pulsation frequencies lower
than 5d-!. This star exhibits characteristics of a low-amplitude hybrid
& Sct-y Dor pulsating variable, but with wider dispersed pulsations be-
ing typical to Maia stars. More than 39 significant pulsation frequencies
are resolved over signal-to-noise level 4.9, see Fig. 3 and Table 2.
We investigated its effective temperature from TIC v8.2, Gaia DR2
and DR3. These sources provide values of 8137, 8228, and 10253 K,
respectively. If the higher temperature from Gaia DR3 is accurate, this
star would be classified as a Maia variable.

5.1.2. § Sct: HD 227647

HD 227647 (= TIC 40831024, V = 10™29, A2) was observed in
TESS Sectors 14, 15, 41, 54, and 55. No variability was reported in the
literature. By a Fourier analysis of the light variations, it is identified
to be a new high-frequency & Sct pulsating variable star. Table 3
reports the 16 pulsation frequencies detected over a significant level
of SNR=4.9 in the range of 36-65d~!, and Fig. 4 shows the light
curves and Fourier spectrum based on the data in Sector 41. Since
no significant peaks were observed below 36 d~! and relatively simple
pulsational spectrum, only one sector’s data were analyzed.

5.1.3. & Sct: HD 227941

HD 227941 (A5 D, B = 9741, V = 9723, = TIC 42254956) was
observed by TESS in Sectors 14, 15, 41, 54, and 55, during 2019.07.18
UT 20:34:00 and 2022.09.01 UT 18:23:16, i.e. BJD 24571683.35775-
24572824.26696. We used the TESS-SPOC light curve products at
MAST. The star is now identified to be a new § Sct star with dense
low-amplitude pulsation frequencies where the dominant pulsation’s
amplitude varied over the time. Fig. 5 displays the periodograms
obtained for Sectors 41, 54, and 55, respectively. The variation in
the strength of the main frequencies across sectors is particularly
interesting. Due to Sectors 14 and 15 are 30-minute cadence data,
there are aliases beyond the Nyquist frequency of about 24d~!. For
resolving pulsation frequencies, a Fourier analysis was performed on
the combination of the 10-minute cadence data in three Sectors 41, 54,
and 55, and the result is shown in Fig. 6. According to TIC v8.2, Ty =
7901 + 166K, logg= 4.184 + 0.073, stellar radius: 1.84 + 0.05R,
stellar mass: 1.891 + 0.296 M, stellar luminosity: 11.925 + 0.761L,
and Gaia DR3 parameters T,;; = 7751.96 K and log g = 4.075, this star
is a representative § Sct (see Table 4).

5.1.4. TIC 91945834

TIC 91945834 has a TESS magnitude of 13M4526, with stellar
parameters well in DSCT domain: T, = 6748 (TIC), L/Ly,= 15.966
(GDR3), logg= 3.665 (GDR3), Mass = 1.44 M, Radius = 2.924 R
(GDR2). It is not indexed in Simbad. A Fourier analysis identified the
star to be a mono-periodic DSCT with presence of harmonics. See Fig. 7
and Table 5.

5.2. § Sct-y Dor hybrid candidate TIC 1966084202

This star has TESS magnitude 13475, it is not indexed in Simbad,
TIC v8.2 cross-matched it with a Gaia DR2 identifier
2058936510610300032. The stellar parameters in known databases as
follows would well place the star in the DSCT-GDOR intersection: T =
6766 + 122 K (TIC); L/L,= 6.621 (GDR3); log g= 4.055 (GDR3); Mass
= 1.45 M; Radius = 1.873 R,(GDR2). Fig. 8 and Table 6 present the
periodogram and frequency solution.
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Table 2
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Frequency solution of HD 191025 (= TIC 41189624) based on TESS Sectors 41, 54, and 55. The digits in parentheses represent the error in
the last two or three decimal places. The amplitude units are milli-magnitudes (mmag), with typical uncertainties of 0.0042 mmag.

Frequency (d™!) pHz Amplitude Phase (0-1) SNR
(mmag)
fo = 24.146127(11) 279.47 0.510 0.6232(13) 73.9
f1 = 3.350263(28) 38.78 0.208 0.1016(33) 17.8
f>» = 21.153533(30) 244.83 0.196 0.0929(34) 26.8
f3 = 44.753728(47) 517.98 0.143 0.9444(55) 24.0
f1 = 2.788548(42) 32.27 0.139 0.1089(49) 11.8
fs = 32.119706(47) 371.76 0.124 0.8884(54) 16.8
fe¢ = 20.615291(48) 238.60 0.120 0.6293(56) 15.7
f7 = 27.047572(49) 313.05 0.118 0.9449(57) 18.0
fs = 47.625447(49) 551.22 0.118 0.7419(57) 20.4
o = 12.874784(53) 149.01 0.109 0.4016(62) 16.1
[0 = 35.459085(54) 410.41 0.108 0.3879(63) 13.2
S = 34.939945(54) 404.40 0.107 0.3964(63) 13.3
f1» = 6.684206(61) 77.36 0.095 0.7357(71) 10.3
fi3 = 17.719891(61) 205.09 0.094 0.0794(72) 13.2
fia = 3.311107(64) 38.32 0.090 0.9816(75) 7.7
f1s = 20.809056(66) 240.85 0.087 0.8483(77) 11.4
f16 = 37.488160(67) 433.89 0.087 0.2466(78) 11.3
f17 = 15.129634(67) 175.11 0.086 0.3322(78) 14.2
fis = 44.334185(72) 513.13 0.081 0.6519(84) 13.6
f1o = 47.698735(74) 552.07 0.078 0.1271(86) 13.5
0= 33.654781(76) 389.52 0.076 0.6846(89) 10.2
f>1 = 40.889432(80) 473.26 0.072 0.0828(94) 10.4
[» = 61.841870(81) 715.76 0.071 0.6681(95) 14.4
f23 = 6.559791(84) 75.92 0.069 0.7524(98) 7.4
fou = 19.997839(84) 231.46 0.069 0.5249(97) 10.8
frs = 18.127672(85) 209.81 0.068 0.5808(99) 11.0
f2s = 59.508675(86) 688.76 0.067 0.7409(101) 13.9
f>7 = 50.302000(95) 582.20 0.061 0.9875(111) 9.5
frs = 12.613404(104) 145.99 0.056 0.8051(121) 8.2
[ = 20.012099(103) 231.62 0.056 0.7147(120) 7.4
[ = 54.317689(103) 628.68 0.056 0.8646(120) 9.9
f31 = 75.894121(109) 878.40 0.053 0.1613(127) 12.1
f3 = 58.004516(112) 671.35 0.052 0.2812(131) 9.9
f33 = 55.612520(124) 643.66 0.047 0.8318(145) 8.0
fyu = 19.179440(125) 221.98 0.046 0.6502(146) 7.2
f35 = 50.959060(128) 589.80 0.045 0.1334(150) 7.0
f36 = 54.336811(207) 628.90 0.028 0.4186(241) 4.9
Dependent frequencies within the effective frequency resolution 0.0122d-! =0.14 pHz
fy; = f1 + 0.005419 38.84 0.163 0.4401(41) 13.9
fis = fy + 0.004445 279.52 0.073 0.2024(93) 10.5

Theoretic frequency resolution: 0.0025d~' = 0.03 pHz

Zeropoint: —0.00000005 mag
Residuals: 0.0007048 mag

Table 3

Frequency solution of HD 227647 (= TIC 40831024) based on TESS Sector 41. The digits in parentheses represent the error in the last two or
three decimal places. The amplitude units are milli-magnitudes (mmag), with typical uncertainties of 0.0132 mmag.

Frequency (d~') pHz Amplitude (mmag) Phase (0-1) SNR
fo = 51.624848(114) 597.51 2.395 0.9475(09) 135.7
f1 = 61.912960(154) 716.59 1.782 0.2072(12) 107.7
[, = 44.992391(402) 520.75 0.682 0.7256(31) 36.6
f3 = 48.396062(457) 560.14 0.600 0.6113(35) 33.3
f1 = 48.258787(617) 558.55 0.444 0.0635(47) 24.7
fs = 41.61505(114) 481.66 0.242 0.8656(87) 13.6
fo = 36.67878(118) 424.52 0.232 0.2688(91) 13.3
f7 = 45.33276(125) 524.68 0.219 0.4648(96) 12.0
f3 = 42.35219(172) 490.19 0.159 0.1299(132) 9.3
fo = 41.25964(173) 477.54 0.158 0.9813(133) 8.9
fio = 48.76652(217) 564.43 0.127 0.8011(166) 7.0
S = 48.71574(267) 563.84 0.103 0.2526(205) 5.7
f12 = 43.13448(266) 499.24 0.103 0.1423(204) 5.4
f13 = 38.72099(283) 448.16 0.097 0.7813(217) 5.8
f1a = 38.64765(285) 447.31 0.096 0.8084(219) 5.8
f1s = 38.55739(324) 446.27 0.085 0.0880(249) 5.1

Theoretical frequency resolution: 0.03761d~' = 0.44 pHz

Zeropoint: 9.95198413 mag
Residuals: 0.001264941 mag
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Fig. 3. TESS light curves and amplitude spectrum of § Sct or Maia star HD 191025 (=TIC 41189624).

Due to the star’s location in a crowded region, it is blended with two
similar bright stars: the nearest, TIC 92309924 (‘star A’, Tinag = 13761),
separated by 3.5"; TIC 378823684 (‘star B’, Tnae = 13"23) separated
by 11”7, on a single pixel of the CCD detector, and contaminated
by multiple stars fainter than 16™0 within the aperture mask (see
Figs. 9 and 18). Furthermore, there are three faint RS CVn variables
identified by ZTF within 60” from the target. These faint variables
would contribute little light to the target in view of the profile of
light variations and periodicities different from that of RS Cvn. We did
not screen the two closest bright stars in our initial search because of
their low effective temperatures (T, , = 3669.6 K [GDR2]; 4461 K[TIC
v8.2]; T ¢y g = 4570 K [GDR3]; 4094 K[TIC v8.2]), which are impossible
causing the detected pulsation. They are also background stars of the
target (1326 pc) for their farther distance (3956 and 4611 pc).

Unfortunately, when searching the TESS light curve database at
MAST for star A, yielded no data. This suggests significant blending

with TIC 1966084202. To address this, we downloaded the FFI cutout
images from TESS Sector 55 (because of no TPF available). By creating
a custom aperture mask with threshold of 9, we were able to extract
light curves for the blended stars (see Fig. 9). The light curves, despite
the blending, still exhibit characteristics indicative of y Dor pulsations.
Notably, the periodogram of the extracted light curve matched that of
the target star, further supporting the presence of y Dor variability. We
further examined the light curves for star B, the periodograms showed
almost the same as that of TIC 1966084202. These indicate that both
stars A and B were blended with TIC 1966084202 in TESS images.
The close proximity of these stars, captured within a single pixel
of the CCD detector, precludes the discrimination of their true individ-
ual variability using standard aperture photometry — technically, the
minimal aperture is one pixel. So the light variation observed by TESS
was a combined signal from all three stars. Moreover, the strong peaks
around 1.06d"'in the periodogram disappeared for Sector 54 data
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Fig. 4. TESS light curves and amplitude spectrum of HD 227647 (= TIC 40831024).

of TIC 1966084202 alone. This would suggest these peaks probably
originate from blended objects and contamination lights. Regarding
their temperatures, both stars are unlikely the real source of the pul-
sational variability between 8 and 11d~!, but they could contribute
to the variability observed lower than 2d~!, which is typically used
to identify y Dor pulsations. Other methods such as higher spatial
resolution CCD photometry would be helpful to further pinpoint the
true variability origin, and to eliminate the blending and contamination
issues.

The true origin of the observed § Sct-y Dor hybrid variability re-
mains inconclusive. The inability to distinguish between TIC
1966084202 and its blended neighbors using current data hinders a
definitive assessment. Considering the effective temperatures of the
blended stars, TIC 1966084202 emerges as the most likely physical
source of the observed é Sct-y Dor hybrid pulsation.

5.3. Three representative y Dor stars

5.3.1. y Dor star: TIC 274636885

TIC 274636885 (= TYC 2682-863-1, B = 10M98, V = 10"72, F2V)
with stellar parameters from TIC v8.2 and Gaia DR3: T,;; = 7155.535
(GDR2), 7080.370 (GDR3), 7267.0 (TIC); L/L,=5.143 (GDR3, GDR2),
6.1616 (TIC); logg= 4.170 (GDR3), 4.263 (TIC); Radius = 1.476 R,
(GDR2), 1.566 R, (TIC); Mass = 1.638 M (TIC); Parallax = 2.825 mas;
Distance = 345.44 pc. An initial Fourier calculation was first applied to
the 10-minute cadence data in the three TESS Sectors 41, 54, and 55 in
the frequency range from 0 to 100d~!, and we found no peaks beyond
6d~!. Thus subsequent Fourier analyses are conducted in frequency
range of 0-15d~!. Actually all significant peaks are lower than 6d~!.
It is now identified to be a new y Dor star. Fig. 10 shows the light
curves in Sector 41 and the periodograms resulted from the 10-minute
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Fig. 5. Amplitude spectrum patterns change over time: HD 227941 (= TIC 42254956).

cadence data in Sectors 41, 54, and 55. Table 7 provides the frequency
solution.

5.3.2. y Dor star: TIC 1966186334

This star has four identifiers in Simbad: UCAC4 629-090129, TIC
1966186334, [MJD95] J200704.70+354006.5 (Massey et al., 1995),
and Gaia DR3 2059047286405057152. In terms of the stellar param-
eters from TIC v8.2 and Gaia DR3: T, = 7862.33K (GDR2, roughly
corresponds to spectral type of A7), 8860.0 K (TIC); L/Ly= 13.103L,
(GDR3), 25.120 L, (TIC); log g= 4.131 (TIC); Mass = 2.23 M,; Radius =
1.951 R, (GDR2), 2.127 R, (TIC), together with all the detected pulsa-
tion frequencies lower than 5d~!, the star is a hot GDOR or a Maia
variable. Table 8 gives the three detected frequencies and Fig. 11
displays the typical GDOR light curves and periodograms based on the
data in the three 10-minute cadence Sectors 41, 54 and 55.

This star is very closely surrounded by an S star IRAS 2005143531
(= TIC 90463637) on upper right, which is an evolved post-MS star

(mostly AGB or RGB) and a constant star 2MASS J20070431+3540334
directly above it (see Fig. 18). There is a very faint star TIC 1966186338
(Tmag=1 8M49) invisible between TIC 1966186334 and TIC 90463637.
Fortunately, contamination did not significantly impact the variability
of TIC 1966186334.

5.3.3. y Dor star: TIC 89119933

HD 227505 (= TIC 89119933, B = 11M37, V = 10M72) has TESS
light curve products available at MAST in Sectors 14, 15, 41, 54, 55, 74,
and 75. The star was observed during 2019-07-18 UT 20:34:00 (Sector
14) and 2024-02-26 UT 23:29:53 (Sector 75), i.e. BJD 24571683.35775
through 2460367.4799. In Sector 41, observations started on 2021-
07-24 UT 11:53:44 (BJD 2459419.9964). Sectors 41, 54 and 55 have
10-minute cadence light curves, while Sectors 74 and 75 are in 2-
minute cadence, Sectors 14 and 15 in 30-minute cadence. The star’s
light variations exhibit characteristics typical of y Doradus pulsations
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Fig. 6. TESS light curves and amplitude spectrum of HD 227941 (= TIC 42254956).

(see Fig. 12). The variability type is further corroborated by the fol-
lowing stellar parameters: Effective temperature T = 6717 K (spectral
type F5), Luminosity = 10.846L,(GDR3), Mass = 1.43 M, surface
gravity log g= 3.822 (GDR3), Radius = 2.432 R,(GDR2). Light curves
in last five Sectors (41-75, spanning 947.4835 days) are analyzed for
resolving pulsations. No significant peaks beyond 3d~!. Table 9 gives
the detected frequencies over SNR = 4.9 and Fig. 13 displays the
periodograms based on the data in five Sectors 41, 54, 55, 74 and 75.

6. Discussions
6.1. H-R diagram

Exploiting the extensive catalogs of 5 Sct stars and y Dor stars (Zhou,
2024), where the effective temperature, luminosity, surface gravity,

and other stellar parameters are adopted from the TESS Input Cata-
log (TIC v8.2, Paegert et al., 2021) and Gaia DR2/DR3, we have plotted
the newly identified variables from our regional survey around NGC
6871 on the Hertzsprung—Russell diagram, juxtaposed with previously
known sources for comparison (Fig. 14). This comparative illustration
marks a pioneering endeavor, showcasing both types of stars in a
substantial collective for the first time.

Fig. 14 shows that the distributions of 6 Sct and y Dor variables ex-
hibit significantly larger extents compared to their classical instability
domains. This discrepancy may arise from several factors. One possi-
bility is the presence of inaccurate stellar parameters within databases.
In particular, lower luminosities and effective temperatures compared
to solar values might be influencing the results (logL/L, < 0 and
log T < 3.76, T,y < 5780K). Additionally, the observed distributions
might be affected by the potential inclusion of Maia variables within
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Frequency solution of HD 227941(= TIC 42254956) based on TESS Sectors 41, 54, and 55. The digits in parentheses represent the error in the
last two or three decimal places. The amplitude units are milli-magnitudes (mmag), with typical uncertainties of 0.0071 mmag.

Frequency €] pHz Amplitude (mmag) Phase (0-1) SNR
fo = 32.089337(14) 371.40 0.715 0.9614(16) 64.8
f1 = 25.603527(15) 296.34 0.635 0.7297(18) 75.9
fr = 27.902698(18) 322.95 0.540 0.6423(21) 63.5
f3 = 32.103750(18) 371.57 0.540 0.4902(21) 49.0
fq = 27.183373(21) 314.62 0.459 0.9329(25) 60.8
f5 = 17.619107(21) 203.92 0.458 0.6461(25) 53.5
fe = 28.577518(23) 330.76 0.431 0.5253(26) 44.8
f7 = 34.670907(26) 401.28 0.381 0.6122(30) 35.4
fg = 18.278468(26) 211.56 0.371 0.9993(31) 43.2
fo = 23.509531(27) 272.10 0.359 0.8940(32) 30.8
f10 = 20.840446(28) 241.21 0.349 0.0394(33) 37.1
f11 = 29.125902(29) 337.11 0.335 0.8374(34) 31.4
f12 = 31.906129(32) 369.28 0.302 0.4192(38) 29.5
f13 = 28.625207(33) 331.31 0.296 0.0596(39) 30.7
f1q4 = 24.905673(34) 288.26 0.291 0.9202(39) 28.8
f15 = 37.596786(49) 435.15 0.199 0.2337(57) 19.1
f16 = 30.153213(50) 349.00 0.194 0.1038(59) 19.9
f17 = 35.902523(52) 415.54 0.187 0.1454(61) 19.3
f1g = 31.473863(54) 364.28 0.181 0.2886(63) 17.3
f19 = 18.939638(54) 219.21 0.180 0.1347(63) 20.9
fap = 38.245666(58) 442.66 0.168 0.9404(68) 18.5
fr1 = 11.147687(61) 129.02 0.162 0.7149(71) 24.8
fan = 28.386941(61) 328.55 0.159 0.8847(72) 18.3
f23 = 15.952415(62) 184.63 0.158 0.8425(72) 21.0
f24 = 26.828519(68) 310.52 0.145 0.1553(79) 16.8
fa5 = 34.599976(69) 400.46 0.141 0.2125(81) 13.1
f26 = 19.890787(71) 230.22 0.138 0.2792(82) 16.7
fa7 = 37.294737(72) 431.65 0.136 0.5100(84) 13.4
frg = 28.510837(74) 329.99 0.131 0.0234(87) 13.6
fr9 = 32.057988(80) 371.04 0.123 0.1797(98) 11.1
f30 = 12.554842(90) 145.31 0.109 0.7907(91) 14.8
f31 = 33.568032(93) 388.52 0.105 0.9797(108) 10.8
f3p = 36.529143(94) 422.79 0.105 0.5470(109) 10.2
f33 = 28.738612(95) 332.62 0.103 0.7166(111) 10.7
f34 = 32.982412(98) 381.74 0.100 0.2378(114) 9.5
f35 = 15.686176(101) 181.55 0.097 0.4882(118) 12.9
f36 = 37.143236(104) 429.90 0.094 0.3505(122) 9.3
f37 = 27.310304(105) 316.09 0.093 0.7034(122) 12.4
f3g = 24.474815(109) 283.27 0.090 0.8182(128) 7.8
f39 = 45.398958(109) 525.45 0.090 0.2375(127) 10.3
fa0 = 22.849366(111) 264.46 0.089 0.4690(129) 8.9
f41 = 34.654261(110) 401.09 0.089 0.9507(128) 8.3
f42 = 29.161287(112) 337.51 0.088 0.7920(130) 8.2
f43 = 37.385981(112) 432.71 0.087 0.2097(131) 8.6
f44 = 13.729855(115) 158.91 0.085 0.1654(134) 9.9
f45 = 22.418179(118) 259.47 0.083 0.1962(137) 9.0
f46 = 41.582549(119) 481.28 0.082 0.9855(139) 9.3
fq7 = 27.773559(120) 321.45 0.082 0.4881(140) 9.6
f48 = 18.629932(120) 215.62 0.082 0.3526(140) 9.5
f49 = 16.728376(121) 193.62 0.081 0.2129(141) 10.5
f50 = 2.001252(122) 23.16 0.080 0.6276(142) 6.0
f51 = 3.122016(125) 36.13 0.078 0.9551(146) 7.7
f5p = 18.088109(127) 209.35 0.077 0.3359(148) 9.0
f53 = 39.325647(127) 455.16 0.077 0.3323(148) 8.4
f54 = 24.507359(130) 283.65 0.075 0.1601(152) 7.4
f55 = 37.415777(132) 433.05 0.074 0.1412(154) 7.3
f56 = 22.112404(132) 255.93 0.074 0.0008(155) 8.0
f57 = 31.790620(134) 367.95 0.073 0.5274(156) 7.1
58 = 28.029419(137) 324.41 0.072 0.8770(159) 8.2
f59 = 8.719233(137) 100.92 0.071 0.4775(160) 9.2
fe0 = 34.749362(142) 402.19 0.069 0.7076(166) 6.4
fe1 = 18.415252(142) 213.14 0.069 0.3976(166) 8.0
fe2 = 25.391616(143) 293.88 0.068 0.3606(167) 7.0
fe3 = 34.821869(149) 403.03 0.066 0.8999(174) 6.1
fea = 35.009751(148) 405.21 0.066 0.6164(173) 6.4
fg3 = 36.013411(180) 416.82 0.054 0.9435(210) 5.8
fgq = 20.284129(181) 234.77 0.054 0.3725(211) 6.0
Dependent frequencies within the effective frequency resolution 0.012165d~! = 0.14 pHz

185 =3f0 213 0.310 0.0628 28.1
86 = f4+0.003803 314.67 0.174 0.2085(66) 23.0
f37=3f0 =213 0.123 0.1797 11.1
f88=3/0 —3/> 0.109 0.7907 14.8
fg9 = f37 — 0.0038 316.05 0.105 0.3781(109) 13.9
foo = /11+0.006307 337.18 0.091 0.0851(126) 8.5

Theoretical frequency resolution: 0.002474 d~!=0.03 pHz
Zeropoint: —0.000000767 mag
Residuals: 0.0005319982 mag

the 6 Sct and y Dor samples. Furthermore, some y Dor stars might be
misclassified solar-like oscillators or rotating stars.

In addition, using the G, BP, RP magnitudes and distance from Gaia
DR2 and DR3 (Gaia Collaboration et al., 2023, 2018b), we have created
a Gaia color-magnitude diagram for both § Sct and y Dor stars in
Fig. 15). We also compare the new variables with the general Gaia stars
in Fig. 16.
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These diagrams provide a robust comparison for investigating group
properties. Fig. 14 demonstrates that y Dor stars occupy the same
region of the H-R diagram as § Sct stars. The pattern is aligns with
previous findings where the y Dor instability domain is shown to be
encompassed within the § Sct instability region (Balona, 2018). This
overlap hints at a potential unification of the stellar variability classes,
suggesting they may share a pulsation mechanism — a hypothesis that
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Fig. 7. TESS light curves and amplitude spectrum of TIC 91945834.

Table 5

Frequency solution of TIC 91945834 based on TESS Sectors 54 and 55. The digits in parentheses represent
the error in the last one or two decimal places. The amplitude units are milli-magnitudes (mmag), with

typical uncertainties of 0.262 mmag.

Frequency (d=') uHz Amplitude (mmag) Phase (0-1) SNR
fo = 7.34592(12) 85.02 22.120 0.532(2) 87.3
f1=f, —0.00166 14.422 0.030 56.9
fr=2f 7.563 0.270 28.2
2 f3=3f, 1.806 0.980 7.1
f4=05f, 1.756 0.805 6.0

Theoretical frequency resolution: 0.018395d~! = 0.21 pHz

Zeropoint: —0.000146166 mag
Residuals: 0.0159355335 mag

Table 6

Frequency solution TIC 1966084202 based on TESS Sectors 41 and 55. The digits in parentheses represent
the error in the last two decimal places. The amplitude units are milli-magnitudes (mmag), with typical

uncertainties of 0.8098 mmag.

Frequency (d™') pHz Amplitude (mmag) Phase (0-1) SNR
fo = 1.001636(45) 11.59 24.712 0.3630(52) 7.1
f1 = 1.071979(45) 12.41 24.603 0.0961(52) 7.0
f>» = 10.119851(55) 117.13 20.239 0.5771(64) 25.9
f3 = 9.744688(55) 112.79 19.963 0.0682(65) 25.3
f1 = 8.290741(57) 95.96 19.387 0.1737(66) 21.8
fs = 1.549968(71) 17.94 15.589 0.5415(83) 6.9

Theoretical frequency resolution: 0.002474d~! = 0.03 pHz

Zeropoint: 0.0002316531 mag
Residuals: 0.0494063688 mag
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Table 7

Frequency solution of TYC 2682-863-1(= TIC 274636885) based on TESS Sectors 41, 54, and 55. The digits in parentheses
represent the error in the last two or three decimal places. The amplitude units are milli-magnitudes (mmag), with typical
uncertainties of 0.0145 mmag.

Frequency (d™') pHz Amplitude Phase (0-1) SNR

fo = 0.613712(12) 7.10 1.638 0.4158(14) 24.5
f1 = 2.582101(15) 29.89 1.308 0.9269(18) 45.8
f>» = 2.954093(19) 34.19 1.046 0.2881(22) 36.6
f3 = 2.606653(25) 30.17 0.784 0.7402(29) 27.4
fa = 2.724872(40) 31.54 0.495 0.5217(47) 17.3
Dependent frequencies within the effective frequency resolution 0.012165d~! = 0.14 pHz

fs=2f, 0.220 0.0991(105) 11.4
fo=2f 0.208  0.5944(111) 10.1
fr=fith 0.163  0.6739(142) 8.5
fa=1i—fo 0.226  0.4078(102) 5.7
fo=2f3 0.111 0.4919(208) 5.4

Theoretical frequency resolution: 0.002474d-' = 0.029 pHz
Zeropoint: 0.00000518864 mag
Residuals: 0.00107623963 mag
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Table 8

Frequency solution of TIC 1966186334 based on TESS Sectors 41, 54, and 55. The digits in parentheses represent the error
in the last two decimal places. The amplitude units are milli-magnitudes (mmag), with typical uncertainties of 1.028 mmag.

Frequency (d~') pHz Amplitude Phase (0-1) SNR
fo = 2.299060(16) 26.61 87.330 0.7428(19) 21.3
f1 = 2.192518(22) 25.38 62.993 0.9294(26) 15.4
Dependent frequencies within the effective frequency resolution 0.012165d~! = 0.14 pHz

6.3

f3=05f, 42.605

0.4765(38)

Theoretical frequency resolution: 0.002474d~' = 0.03 pHz

Zeropoint: —0.0187591899 mag
Residuals: 0.0764090924 mag

could reshape our understanding of stellar pulsations. This signifi-
cant overlap presented in our H-R diagrams support the notion of a
singular pulsation source and proposes a unified explanation for the
diverse frequency range observed in pulsating stars, including Maia
variables, § Sct, and y Dor stars. Such a unification could have profound
implications for the classification and study of stellar pulsations.

The low-frequency (0.3-5d-!) gravity-mode pulsations in y Dor
stars are driven by the modulation of the radiative flux by convection
at the base of a deep envelope convection zone (Guzik et al., 2000).
However, it is not known whether a single excitation mechanism can
be responsible for both the p and g modes in hybrid 6 Sct/y Dor
stars (Balona et al., 2015). Recalling the findings of Kurtz et al. (2015),
who proposed a unified explanation for SPB, y Dor and Be stars, Xiong
et al. (2016) employed a non-local and time-dependent convection
theory to calculate radial and low-degree non-radial oscillations for
stellar evolutionary models with M ~ 1.4—3.0 M,. This recent theoretic
study concluded that the oscillations of § Sct and y Dor stars are

14

both due to the combination of the x-mechanism and the coupling
between convection and oscillations. Their results demonstrated that
the theoretical instability regions for § Sct and y Dor stars significantly
overlap. § Sct and y Dor stars belong to the same class of variables
at the low-luminosity part of the Cepheid instability strip. Within the &
Sct-y Dor instability strip, most of the pulsating variables are very likely
hybrids that are excited in both p and g modes (Xiong et al., 2016).
Pulsators crossing the effective temperature range of 10000-6000
K involve SPB, Maia, DSCT, GDOR, and solar-like oscillators. Either
separate individual models with interplay in effect, or one univer-
sally applicable model is urgently needed for the interpretation of the
pulsations observed in this part of the H-R diagram region.

6.2. Membership of NGC 6871

In addition, we investigated whether these newly discovered vari-
able stars are members of the NGC 6871 cluster. Galactic stellar clusters
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Fig. 10. TESS light curves and amplitude spectrum of TIC 274636885.

Table 9

Frequency solution of HD 227505 (= TIC 89119933) based on TESS Sectors 41, 54, and 55. The digits in parentheses represent
the error in the last two decimal places. The amplitude units are milli-magnitudes (mmag), with typical uncertainties of 0.0189

mmag.

Frequency (d') pHz Amplitude (mmag) Phase (0-1) SNR
fo = 0.589161(02) 6.82 6.475 0.7235(05) 31.7
f1 = 0.542232(02) 6.28 6.264 0.3323(05) 30.6
f>» = 0.446937(04) 5.17 2.805 0.4018(11) 12.5
f3 = 1.718473(12) 19.89 0.913 0.2577(33) 6.4
f4 = 0.502132(11) 5.81 0.983 0.5349(31) 4.8
Dependent frequencies within the theoretical frequency resolution 0.00106d~! = 0.01 pHz

fs=fo+ /i 3.295 0.242 18.9
fo=ro+ /s 1.648 0.424 9.5
fi=fo+ i+ /3 0.892 0.973 6.3
fo=fo+2f, 0.862 0.903 6.1
fo=2f0+2f, 0.661 0.898 6.0
fio=rot fo+ fs 0.608 0.735 5.5

Zeropoint: 0.00011892429 mag

Residuals: 0.00283699622 mag

15



A.-Y. Zhou

New Astronomy 114 (2025) 102297

TIC 1966186334 (TESS sector 41)

9.8 1 i
£
—~ 8
2 i#
£ 1001 5.
2 iE
3 :
'c
2 10.2 1
S
©
5
£ 10.4 1
2 9.8 1
I
£
10.6 200
10.2 1
10.8 A1 2424.5 2425.0 2425.5 2426.0 2426.5 2427.0 2427.5 2428.0
2420 2425 2430 2435 2440 2445
BJD 2457000+ (days)
TIC 1966186334 (TESS sectors 41, 54, and 55)
100
_ —— Amplitude spectrum
J —— Prewhitened Residuals
1 —— Significant level at SNR=4.9
80

Amplitude (mmag)

10 significant peaks prewhitened

Frequency (d™1)

Fig. 11. TESS light curves and amplitude spectrum of TIC 1966186334.

where members are assumed to be born at the same time (in stellar evo-
lution timescales) and from the same molecular cloud and thus share
the same initial chemical conditions. To determine if a star belongs
to a cluster, no single piece of evidence is definitive, but at least one
of the following key factors should be considered: (1) A star’s proper
motion, i.e. its apparent movement across the sky over time. Stars
in a cluster are known to share a common origin and move through
space together, so cluster members will have similar proper motions,
while foreground/background stars not belonging to the cluster will
have different proper motions; (2) Distance: Stars within a cluster are
roughly at the same distance from Earth or Sun. Cluster members
typically exhibit a range of distances as they share a similar location in
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space. (3) Age: Stars in a cluster are believed to have formed around the
same time, so member stars should have similar ages. The age of a star
can only be measured in some very specific cases (Soderblom, 2010),
we usually rely on stellar evolution models for this quantity. However,
a star’s age can be estimated using various methods, including precise
astrometry and photometry (color magnitudes, luminosity, reddening),
stellar isochrones fitting (Jorgensen and Lindegren, 2005; Meynet et al.,
1993), asteroseismology (Palakkatharappil and Creevey, 2023; Pamos
Ortega et al., 2022; Creevey et al., 2017), etc.; (4) Metallicity: Stars in
a cluster are thought to have formed from the same cloud of gas and
dust, leading to similar abundances of elements heavier than hydrogen
and helium. (5) Radial velocity: This measures a star’s motion directly
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Fig. 12. TESS light curves of HD 227505 (= TIC 89119933) in Sectors 14, 15, 41, 54, 55, 74, and 75 from top to bottom.

towards or away from Earth. A cluster’s members might exhibit similar
radial velocities due to their shared motion.

Membership determination ideally involves a comprehensive analy-
sis that considers all relevant factors. Stars exhibiting consistency with
known NGC 6871 members in these parameters are considered strong
candidates for membership. However, due to limitations of this work,
the three factors, age, metallicity, and radial velocity were not con-
sidered in the current assessment. In practice, stars with significantly
discrepant proper motion or distance estimates compared to established
cluster members are excluded from membership.
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Thanks to the Gaia DR2 open clusters in the Milky Way (Cantat-
Gaudin et al., 2018; Cantat-Gaudin and Anders, 2020), which makes the
identification of membership readily easy. We adopted mean parameter
values of cluster members in Table 10. Based on Gaia archive at
https://gea.esac.esa.int/archive/, parallax and proper motion data are
extracted manually first for the eight example variables as well as
six cluster members chosen within a region of 22-arcminute radius
of NGC 6871’s center (containing half the members) for compari-
son in Table 11. Distances are calculated from reciprocal of parallax
when GSP-Phot distances unavailable in Gaia DR3 archive. For single
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stars, GSP-Phot provides reliable distances out to ~2kpc. Beyond this
limit, GSP-Phot can systematically underestimate distance depending
on the fractional parallax uncertainty (Gaia DR3 documentation, Part
I1I, Chapter 11, 11.4.3 Distances, Ulla et al., 2022).* Our analysis
suggests that none of the eight example variables are members of NGC
6871. They are likely foreground stars.

We compared our list of 1512 new variables with the catalog of
Gaia DR2 open clusters in the Milky Way by Cantat-Gaudin and Anders
(2020), 160 stars were matched among the 2014 candidate members
of NGC 6871 at all probabilities, based on their parallax and proper
motion. 87 of these stars have membership probability exceeding 0.5,

4 https://gea.esac.esa.int/archive/documentation/GDR3/
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strongly suggesting they are members of the cluster NGC 6871. The
remaining 73 stars have lower probabilities (0.1-0.49). For the 87 high-
probability members, the average parallax is 0.513 mas, with proper
motions along right ascension and declination of y, = —3.105 and
us = —6.416 mas/yr, respectively. These parameter values fall within
the ranges [0.436,0.615] mas for parallax, [-3.412,—2.673] mas/yr for
Hy» and [—6.951,—5.923] mas/yr for ug, respectively.

To assess membership for the remaining unmatched stars, we pro-
grammatically retrieved parallax and proper motion data for all the
new variables presented in this work. Utilizing the established parame-
ter ranges above, we independently identified 108 members, among all
the 1512 new variables. If taking parallax exceeding 0.666 mas (cor-
responding distance within 1500 pc) and parallax less than 0.425mas
(distance over 2352 pc) for foreground and background objects, respec-
tively, and parallax values in between [0.425, 0.666] mas as candidates,
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Mean parameters of NGC 6871 cluster members adopted from Gaia DR2 (Cantat-Gaudin and Anders, 2020).

Parameters

Mean values of members

Center coordinates (RA, Dec)
Galactic Longitude and Latitude
Parallax (plx)

Distance (d)

Proper motion along RA(u,)
Proper motion along Dec(y;)
Radius containing half the members
Number of members

Age

Metallicity [Fe/H]

Number of Simbad objects

20:06:11.52 +35:45:54.0

| =72.658° b = 2.012°

0.514 + 0.002 mas

1841.0pc (in [1554.8, 2256.5]%); 1741 + 69 pc©
—3.129 + 0.006 mas/yr

—6.437 + 0.010 mas/yr

0.371°

594/2014 (probability over 0.5/0.1)
7.064 + 0.062 Myr*©

0.104+0.125°¢

6126 (1° radius on cluster center)

Ranges of 87 members: u,[—3.415,-2.673], u5[—6.951,—-5.926], plx [0.436, 0.615]

Interstellar Reddening

E(B—-V) = 0.46, E(b—y) = 0.34"

Table 11

Parallax and proper motion of the eight example stars and six NGC 6871 members from Gaia DR3. Non-members are labeled either as foreground (F) or background (B) stars.

2 An earlier value is 1580 pc (m — M = 12.18) given by Becker and Fenkart (1971).
b Zhou et al. (2001b), Crawford and Barnes (1974).
¢ Adopted from Dias et al. (2021), which also reports other parameters with consistent values.

Membership probability is given in last column.

SN TIC Simbad main ID  Gaia DR3 ID Parallax Distance Proper Motion (mas/yr) VarType Membership
(mas) (pc) Hy Hs

01 TIC 41189624 HD 191025 2059982829034485376  4.379 303.86 4.350 -9.948 10.86 DSCT F

02 TIC 40831024 HD 227647 2060006507222471808 2.641 378.64 2.741 0.049 2.74 DSCT F

03 TIC 42254956 HD 227941 2059151258972495744 4.046 242.32 2.287 22938 23.05 DSCT F

04 TIC 91945834 - 2058937816280872576 0.5923 1688.33 -4.757 -7.130 8.57 DSCT F

05 TIC 1966084202 - 2058936510610300032 0.729 1287.99 1.466 -4.567 4.79 DSCT+GDOR (?) F

06 TIC 274636885 TYC 2682-863-1 2059899094352017920 2.8252 345.44 3.795 0.762 3.87 GDOR F

07 TIC 1966186334 - 2059047286405057152 0.663 1509.43 0.561 -1.085 1.22 GDOR F

08 TIC 89119933 HD 227505 2059079653284766848 1.466 776.94 -1.184 -3.929 4.10 GDOR F

15 TIC 89758057 NGC 6871 23 2059075869382941696 0.478 2061.87 -3.056 -6.582 7.26 star yes: 0.70
18 TIC 89758088 NGC 6871 21 2059075804989882496 0.485 194092 -3.154 -6.455 7.18 star yes: 0.80
34 TIC 89758053 HD 227634 2059075873709364864  0.520 1921.60 -3.054 -6.555 7.23 star yes: 1.00
48 TIC 89758076 BD+35 3956 2059075839349023104 0.546 2324.44 -2914 -6.320 6.96 star yes: 1.00
982 TIC 89753650 HD 190864 2059070135632404992 0.526 2283.55 -3.062 -6.638 7.31 star yes: 1.00
1093 TIC 40736299 NGC 6871 26 2059113875581888768 0.481 1816.56 -3.167 -6.638 7.36 star yes: 1.00

then we obtained 587, 393, and 424 for each of the three subgroups,
respectively. Membership results are included in the final catalogs.

6.3. Contamination issue

Because the TESS pixels are large, 21 arcsecond? on sky per pixel,
the TESS photometry for many targets will be contaminated by nearby
objects in a crowded field. A significant challenge in the hunt for
transiting exoplanets (the TESS mission) arises when the observed
dimming of a star (transit signal) does not originate from the target
star itself, but instead come from contamination of a neighboring
eclipsing binary. This would lead to false positive identification of an
exoplanet. Therefore, properly assessing blending is crucial in the exo-
planet detection process. Researchers employ various techniques to vet
potential blending scenarios, such as vetting and contaminante Python
tools including a target centroid model developed by Hedges et al.
(2021), Hedges (2021). Only after confidently ruling out blending can a
transit signal be definitively attributed to an exoplanet candidate. This
attribution then requires further verification steps for confirmation.

In the cases of intrinsic stellar variabilities contaminated by nearby
objects, various methods have been developed to address the challenges
of source blending and to resolve the contamination issue. Colman et al.
(2017) employed a combination of periodogram analysis and visual
inspection to identify the origin of signals, distinguishing between
the target star and nearby contaminants. Based on difference imaging
analysis, Oelkers and Stassun (2018) developed an open-source tool to
extract precision light curves from TESS Full Frame Images (FFIs). The
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public domain Python package TESS_localize, developed by Higgins
and Bell (2023), offers a sophisticated tool for diagnosing blending and
localizing sources of variability in crowded TESS photometry. This tool
uses measured frequencies of variability (derived from periodograms)
and analyzes whether the best-fit sinusoid amplitudes to raw light
curves extracted from each pixel are distributed in the same way
as light from the variable source, under the assumption that other
neighboring stars are not variable at the same frequencies. This package
effectively identifies the location of the true variable source. Studies
like Pedersen and Bell (2023) have successfully utilized this method
in exploring the impact of light curve contamination on the detection
of fast yellow pulsating supergiant stars. A pulsating white dwarf (RX
J2117.1+3412 =TIC 117070953) contaminated by a nearby eclipsing
binary is identified using this tool by Corsico et al. (2021).

When classifying variability type for new variables, if the light of
an object were contaminated by the light of nearby stars, this would
lead to the same periodograms for the objects enclosed in the aperture.
Which one is the true variable is an issue needed to be solved. The
methodologies employed by Skarka and Henzl (2024), Skarka et al.
(2022) are applicable in this context.

While a detailed inspection of neighboring stars for all objects in
our sample is beyond the scope of this paper, it is crucial for in-depth
studies of individual stars. To ensure reliable results, contamination
from nearby objects affecting the detected variability needs to be
excluded, and the source of the true variations must be confirmed when
studying a specific star with TESS data.
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Fig. 17. TESS Target Pixel Files (11 x 11 pixels, ~ 3.85") and aperture masks (striped red squares) in photometry versus DSS images with a comparable scale of 3.99’. The largest
aperture (5 x 5 pixels) corresponds to a circle with a 1’ radius. These targets are surrounded by multiple faint stars, but they are distinct from the Simbad objects (marked in red

circles).

In this work, we examined the TESS Target Pixel Files (TPFs),
Digital Sky Survey (DSS) images and periodograms for each example
star, to identify any potential blending with nearby objects within the
photometry aperture. TPFs are typically the first port of call when
studying a star with TESS. They offer a visual representation of the
data source and allow us to see where our data is coming from, and
help us identify potential sources of noise or contamination. TPFs
indicate the pixels on the CCD camera, with which a star was observed
(Figs. 17 and 18). TPFs can be thought of as stacks of images, with one
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image for every telescopic time-stamp. Each time-stamp is referred to
as a cadence. The color indicates the amount of flux in each pixel, in
electrons per second. Shown here is the first observation cadence in
the sector, except the 0-cadence images which are cutout from FFIs by
a threshold of 5. A star’s brightness (flux) is the summation of electron
counts on all pixels in the photometry aperture mask.

Notably, the TESS data processing pipeline acknowledges this po-
tential issue and has included a keyword in the resulting light curve
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Fig. 18. TESS Target Pixel Files (11 x 11 pixels, ~ 3.85") and aperture masks (striped red squares) in photometry versus DSS images with a comparable scale of 3.99’. The largest
aperture (5 x 5 pixels) corresponds to a circle with a 1’ radius. The two stars in the first and third rows might be highly contaminated by nearby stars. See text for details.

metadata. The amount of contamination for each target is approxi-
mated by the CROWDSAP keyword value in the TESS FITS file headers,
which gives the ratio of target star flux to total flux in the optimal aper-
ture. CROWDSAP’s value close to 1 signifies that most of the measured
flux (light or signal) originates from the target object itself, indicates
that the observation successfully isolated the target and minimized
contamination from surrounding celestial objects.

Based on our analysis of TPF images, CROWDSAP keyword values,
and anomalous peaks in periodograms, the TESS light curves of seven
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of the eight example stars exhibit minimal to no contamination from
nearby objects (see Figs. 17 and 18). This evidence strongly supports
the identification of intrinsic variability in these stars. However, one
star TIC 1966084202, its variability is ultimately inconclusive due to
unsolved blending issue at this stage (see Section 5.2 for details). For
the remaining new variable stars, we flagged potential blending issues
based on similarities in their light curves and periodograms. However,
definitive confirmation of these suspicions requires further individual
investigation.
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Table A.1
Catalog of 105 New § Sct stars (reduced demo version). Full table in a CSV file is on the Supplementary Data.
TIC Simbad main identifier Gaia DR3 RA Dec (deg, J2000) B 14 Teg (TIC) Torr (Gaia) log g(TIC) log g(Gaia)
TIC 89756626 - 2059113531984492544 301.487784 35.963387 15.62 13.942 7561.0 6825.04 4.3307 4.0646
TIC 89758153 2MASS J20060031+3545156 2059075839349011200 301.501317 35.754336 16.684 13.445 8027.0 nan 3.8854 nan
TIC 89758078 NGC 6871 29 2059076045507486848 301.480645 35.762069 13.221 12.859 8734.0 nan 3.874 nan
TIC 90462180 TYC 2683-2890-1 2059056597894705408 301.851572 35.840411 11.628 11.032 7316.0 nan 3.3066 nan
TIC 90461968 - 2059056834093348736 301.856888 35.866138 nan 11.106 7957.0 8810.39 nan 3.4269
Table A.2
Catalog of 121 New y Dor stars (reduced demo version). Full table in a CSV file is available on the Supplementary Data.
TIC Simbad main identifier Gaia DR3 RA Dec (deg, J2000) B 14 Tegg (TIC) Tor (Gaia) log g(TIC) log g(Gaia)
TIC 89757254 - 2059100642754303104 301.534845 35.855827 12.794 12.333 6230.0 nan 3.7452 nan
TIC 90349696 - 2059048763873903360 301.724275 35.751581 12.837 12.386 7000.0 6814.35 4.2649 4121
TIC 91106707 - 2059055532742634624 301.906252 35.82067 14.45 13.997 8547.0 9716.65 41794 3.9769
TIC 89754909 2MASS J20053691+3544526 2059074911636219264 301.403811 35.747996 13.903 13.173 6515.0 6184.42 3.877 3.9433
TIC 1966205980 - 2059071063345128448 301.56892 35.653105 nan 13.3377 6502.0 6242.9 nan 3.9379
Table A.3
Catalog of 198 New Eclipsing Binary Systems and others (reduced demo version). Full table in a CSV file is available on the Supplementary Data.
TIC Simbad main identifier Gaia DR3 RA Dec (deg, J2000) Tmag Teff SpType L/Lg logg M/Mg VarType
TIC 91573072 - 2058795601311864832 302.184024 35.089003 13.415 9269 Al 94.437 3.6568 2.35 EA
TIC 42843054 - 2059173146127143680 302.644287 36.307849 12.302 7607 A7 51.236 3.4560 1.77 EA
TIC 90975785 - 2058804844081177088 301.99698 34.986173 12.8484 5568 G5 2117 4.0419 0.98 EA
TIC 90975729 - 2058804775361696640 301.996475 34.980243 13.0605 5682 G2v 3.443 3.8782 1.01 EA
TIC 90975113 - 2058798453169900416 301.883745 34.90696 13.9184 6742 F5 nan nan nan EA
TIC 104213242 - 2059473209722261248 300.407436 35.855348 12.8209 6996 F2 15.150 3.7793 1.54 EA
TIC 106229161 TYC 2678-83-1 2058623733900094976 301.16124 34.959434 11.4978 8287 A5 nan nan nan EA+ROT
TIC 90461796 2MASS J20071338+3553369 2059103876897664896 301.80577 35.893601 13.3356 7152 FO 5.290 4.2884 1.59 EA+GDOR
TIC 90980715 2MASS J20073329+3536371 2059044503266096512 301.888706 35.610319 13.4575 7885 A7 14.544 4.0914 1.88 EA+GDOR
TIC 106236194 - 2059836667040378240 301.085212 35.841442 12.9158 9849 A0 nan nan nan EA+Maia
TIC 104914249 - 2059461252532749440 300.625412 35.671854 12.8061 6696 F5 5.280 4.1256 1.42 Quad-EA
2058839306900025984 302.104805 35.434893 13.3867 6438 F7 15.348 3.5556 1.30 EB

TIC 91111661 -

7. Conclusions

The unparalleled continuous and high-precision photometry pro-
vided by TESS has been instrumental in revealing the subtle light
variations of stars, allowing for a deeper understanding of their true
nature. This focused survey, centering on V1821 Cyg within the NGC
6871 cluster, utilized TESS data to meticulously screen stars with 7,,,,
values between 6 and 16 mag, matching the TESS premium targets with
good quality photometry. These stars, with effective temperatures rang-
ing from 10000 to 6000K, represent main sequence stars of spectral
types A to F, which include the domains of both 6 Sct and y Dor stars.
Despite previous extensive studies of the NGC 6871 region, this survey
has successfully identified over 1500 new variable stars from a pool of
4726 candidates. This impressive yield includes 105 § Sct and 121 y Dor
stars, underscoring the exceptional quality of TESS data. The present
impressive discoveries attribute to the perfect TESS data. The results of
this survey advocate for an expanded exploration to fully leverage the
TESS archive.

However, TESS data presents a challenge for variability studies due
to blending and contamination. The large CCD pixels (21" /pixel on
sky) often combine light from nearby stars, hindering the isolation
of individual variability. Existing community approaches mentioned
in Section 6.3 offer valuable tools for tackling this challenge. For a
specific variable involved blending, ground-based higher resolution
observations can spatially resolve blended stars, enabling independent
light curve measurements and mitigating these issues.

Key highlights of this study include:

« Discovery of 269 pulsators of types § Sct, y Dor, and Maia;

» Discovery of 198 eclipsing binaries, with 12 featuring pulsating
components;

+ Detailed analyses of eight exemplary stars, revealed that: (1) ini-
tial investigations of contamination issue lead to an inconclusive
hybrid 6 Sct-y Dor pulsation of TIC 1966084202, its variability
source needs to be confirmed; while other seven stars’ variabilities
are validated. (2) Maia or hybrid 6 Sct-y Dor pulsational features
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in HD 191025; (3) more than 90 rich pulsation frequencies in
the new & Sct star HD 227941 and the amplitude variations of
dominant pulsations over time.

Based on parallax and proper motion data from Gaia DR3, we
performed an initial assessment of membership of NGC 6871 for
the newly identified variables. This analysis identified 108 out of
the 1512 new variables (7%) as probable members of the cluster
NGC 6871. These include 6 6 Sct and 11 y Dor belong to NGC
6871 with membership probability exceeding 50%.

Our initial assessment of blending and contamination in a limited
sample of identified variables underscores the complexities these
issues pose for detailed stellar characterization. While disentan-
gling blended light curves can be challenging, as these initial
results suggest, addressing blending and contamination remains
crucial for accurate analysis of individual stars.

The combined H-R diagrams (Figs. 14 and 15) for new 6 Sct and y
Dor stars compared with known class members suggest a potential
united pulsation mechanism valid for the two classes.

This work not only contributes to the catalog of known variable
stars but also provides a foundation for future studies aiming to
unravel the complexities of stellar pulsations.
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Fig. D.19. Sample TESS light curves and amplitude
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Fig. D.20. Sample TESS light curves and amplitude spectra of seven new § Sct variables.
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Fig. D.21. Sample TESS light curves of ten newly identified eclipsing binary stars.

an ecosystem of tools and resources for astronomy (Astropy Collabo-
ration et al., 2013, 2018, 2022); Astroquery (Ginsburg et al., 2019);
Lightkurve (Lightkurve Collaboration et al., 2018); Matplotlib (Hunter,
2007); SciPy (Virtanen et al., 2020); NumPy (Harris et al., 2020).

Appendix A. Table of new & Scuti stars

Each entry in the catalog is comprised of 28 columns: TIC, Simbad
main identifier, Gaia DR3, RA Dec, B, V, T, _TIC, T,;;_Gaia, log g_TIC,
log g_Gaia, Mass_TIC, R_TIC, R_Gaia, L_TIC, L_Gaia, parallax, distance,

My, log T4 _TIC, log L_TIC, G_mag, BP_mag, RP_mag, BP—RP, BP—G,
G — RP, Radial_Velocity_Gaia and reference source.

The whole catalog in its entirety is provided as online materials in
machine-readable text format (CSV file). A reduced demo is given in
Table A.1.

Appendix B. Table of newly identified y Doradus stars
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We have compiled a catalog for the new y Dor stars. The whole cata-
log in its entirety is provided as online materials in a machine-readable
text format (CSV file). A reduced demo is given in Table A.2.

Appendix C. Table of new eclipsing binaries and others

The new variables other than DSCT and GDOR are compiled to-
gether in a machine-readable text format (CSV file). A reduced demo
is given in Table A.3.

Appendix D. Additional representative examples of classifications
See Figs. D.19-D.21.
Appendix E. Supplementary data

Supplementary material related to this article can be found online
at https://doi.org/10.1016/j.newast.2024.102297.
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