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Abstract

This study presents a comprehensive analysis of the detached binary system V570 Per through combined
photometric, spectroscopic, and astrometric observations. By disentangling the composite spectra, precise
fundamental parameters and detailed chemical abundances were determined for both stars. The primary
component has a mass of 1.456970:9%4 M., a radius of 1.54370:053 R, an effective temperature of 6556$¢ K, and
a metallicity of +0.187997 dex, while the secondary has a mass of 1.35797 0304 M., a radius of 1.377°33!3 R.,
an effective temperature of 646832 K, and a metallicity of +0.15709 dex. The system is estimated to be
57778 Myr old with a synchronized orbit. The available O — C data imply a minimum mass of 0.57 M,
or 0.11 M, for the third body, corresponding to eccentric and circular orbits, respectively. MESA evolutionary
models indicate that the primary will fill its Roche lobe and begin mass transfer to the secondary in about 2.8 Gyr,
whereas the secondary will reach the terminal-age main sequence in approximately 3.2 Gyr. The chemical
composition of both stars shows remarkable consistency, confirming their common origin, except for calcium,
which is significantly enhanced in the primary. Line measurements support this difference and are therefore
interpreted as an intrinsic abundance variation rather than an artifact of the analysis. The overall solar-rich
metallicity, combined with a relatively low a-element content, links V570 Per to the Galactic thin-disk
population. In addition, Galactic orbit analyses of open clusters in the solar neighborhood have revealed that the
V570 Per system may have originated from the Melotte 25 open cluster.
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1. Introduction

Double-lined spectroscopic detached eclipsing binaries (SB2
dEBs) are among the most valuable astrophysical systems for
deriving accurate and direct measurements of fundamental
stellar parameters (J. Southworth et al. 2004). Space-based
photometry from missions such as Kepler (W. J. Borucki et al.
2010) and the Transiting Exoplanet Survey Satellite (TESS;
G. R. Ricker et al. 2015), combined with stable high-resolution
spectroscopy, have led to improved estimates compared to
earlier decades. A combined analysis of photometric and
spectroscopic data enables precise determination of stellar
masses, radii, temperatures, and luminosities—often to better
than 1% accuracy (e.g., G. Torres et al. 2010; Z. Eker et al.
2021a; A. Serenelli et al. 2021). These measurements serve as
essential benchmarks for testing and calibrating stellar evolution
models across a broad range of masses and compositions (e.g.,
U. Munari et al. 2001; G. Torres et al. 2010). Recent studies
have further underscored the significance of such systems in
constructing empirical relations and verifying theoretical
predictions (e.g., O. Y. Malkov 2003, 2007; R. Gafeira et al.
2012; Z. Eker et al. 2014, 2015, 2018, 2020, 2021b, 2022,
2024; Z. Eker & V. Bakis 2023, 2025; A. Moya et al. 2018).
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High-quality observations of noninteracting SB2 dEBs com-
posed of intrinsically stable components can provide stringent
constraints for single-star evolutionary tracks.

V570 Per (HD 19457, HIP 14673; [ = 145°17840, b =
—8218863) was discovered as an eclipsing binary by the HIgh
Precision Parallax Collecting Satellite mission (Hipparcos,
M. A. C. Perryman et al. 1997). It has a short orbital period of
approximately 1.9 days and comprises of two main-sequence
(MS) stars with spectral classifications of F3 and F5
(U. Munari et al. 2001; P. M. Marrese et al. 2004). The
system’s distance was determined using Hipparcos (European
Space Agency 1997) trigonometric measurement techniques to
be 117713pc. High-resolution Echelle spectroscopy and
Johnson BV photometry have revealed that the system is
well-detached and dynamically relaxed, with both components
exhibiting projected rotational velocities (Vior1,2 sini = 40 £ 1
and 36 + 1 kms™ ") consistent with corotation (L. Tomasella
et al. 2008). The obtained masses and radii of the primary
(1.449 £ 0.006 M., 1523 + 0.030R.) and secondary
(1.350 £+ 0.006 M, 1.388 £ 0.019 R.) components firmly
position both stars within the MS band (L. Tomasella et al.
2008). The effective temperatures of the component stars as
T, = 6842 £ 25 K and 7, = 6562 £ 25 K, along
with the metallicity as [M/H]=+0.02 + 0.03 dex, were
derived from x* fitting of high signal-to-noise ratio (S/N)
spectra. A distance of 123 £ 2 pc derived from the orbital
parameters aligns closely with the revised Hipparcos estimate
of 123 £ 11 pc from F. van Leeuwen (2007). Reddening has
been independently determined from interstellar Nal and K1
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lines as E(B — V) = 0.023 £ 0.007 mag, confirming negligible
extinction along the line of sight (L. Tomasella et al. 2008).
Additionally, no signs of chromospheric activity or intrinsic
variability were detected, reinforcing its suitability as a
reference system for testing stellar physics.

V570 Per is especially noteworthy because the component
masses lie in the transitional range where the internal stellar
structure changes from convective to radiative cores. This
mass regime is sensitive to the treatment of physical processes
such as convective core overshooting and element diffusion,
which significantly affect the evolutionary tracks. Tailored
models from the Bag of Stellar Tracks and Isochrones (BaSTT;
D. Cordier et al. 2007) grid computed for the exact observed
masses suggest that mild but nonzero core overshooting is
required to match the observed properties, with overshooting
efficiencies of Aoy = 0.14 and 0.11 for the primary and
secondary components, respectively (L. Tomasella et al.
2008). The age of the system, computed using these BaSTI
evolutionary tracks, was reported as 790 £+ 60 Myr.

The most recent and comprehensive analysis of the F-type
eclipsing binary V570 Per has been carried out by J. Southw-
orth (2023), making it the latest benchmark study of this
system in the literature. Utilizing high-precision photometric
data from two sectors of TESS, combined with previously
published radial velocity (RV) measurements, this study
refines the fundamental stellar parameters of the system
with notable accuracy. The derived masses and radii as
1.449 £+ 0.006M, and 1.538 +£ 0.035R, for the primary, and
1.350 £ 0.006M, and 1.349 + 0.032R., for the secondary
component, demonstrate excellent internal consistency; how-
ever, the radius estimates remain limited by uncertainties in the
spectroscopic light ratio. Interestingly, a delay of approxi-
mately 11 minutes in eclipse timing suggests the possible
presence of a third body, which we investigate in Section 3.6.
Additional features such as weak starspot activity and a slight
discrepancy with Gaia DR3 orbital solutions further highlight
the complexity of the system. Overall, this study reinforces the
utility of V570 Per as a high-value calibrator in stellar structure
and evolution research, particularly in the era of precision
space photometry.

Building upon previous studies, particularly the precise
photometric and spectroscopic characterization by J. Southworth
(2023), we present here a new and comprehensive analysis of the
V570Per system. We combined 35 high-resolution spectro-
scopic datasets obtained from the ELODIE and Asiago archives
with five years of high-precision photometric observations from
multiple sectors of the TESS mission (G. R. Ricker et al. 2015).
This approach enabled the determination of the system’s
fundamental parameters with high accuracy. For the first time
in the literature, we performed a detailed chemical abundance
analysis of both components, measuring the abundances of more
than 20 elements. Furthermore, by employing the Modules for
Experiments in Stellar Astrophysics (MES2) stellar evolution
code (B. Paxton et al. 2011), we derived a precise age estimate
for the system. The combination of astrometric and spectro-
scopic data also allowed us to determine its space—velocity
components, Galactic orbital parameters, and kinematic popula-
tion membership. Considering the derived age and the Galactic
orbital motion, we further constrained the probable birthplace of
V570 Per within the Galaxy.

Yiicel et al.

T
m

L |
T R
A 10111

JLLLRI TTW?

0.90 I i
I R B . P R B
1785 1790 1795 1800 1805 1810 1815 1820
Time - 2457000 [BTJD Days] Sector-18 120s SPOC
Time - 2458095 [BTJD Days] Sector-58 120s SPOC
Time - 2458820 [BTJD Days] Sector-85 200s QLP
Time - 2458845 [BTJD Days] Sector-86 200s QLP

Figure 1. Available photometric TESS data for V570 Per including exposure
times for each sector.

2. Data
2.1. Photometric Data

There are three different sources for photometric data of
V570 Per in the literature:

1. Hipparcos observed V570 Per between 1990 January and
1993 February. A total of 93 H-filter data points are
available through CDS services (M. A. C. Perryman
et al. 1997; M. Wenger et al. 2000).

2. Johnson B and V observations were made by L. Tomasella
et al. (2008) using a 28 cm Schmidt—Cassegrain telescope
with an Optec SSP5 photometer. A total of 446 and 465
data points, for B and V, respectively, were collected on
dates between 2000 and 2003. Details can be found in the
relevant paper, while the data are available through CDS.’

3. TESS observed V570 Per in four sectors (18, 58, 85, and
86) with exposure times 120s, 120s, 200s, and 200 s,
respectively. Timing for these sectors is between 2019
November and 2024 December. We have downloaded
the TESS data using lightkurve v2.5.0 with the
quality flag setting of “hard”. It should be noted that
sectors 18 and 58 data were selected from the “SPOC”
reduction, and sectors 85 and 86 data were selected from
the “QLP” reduction. The data used in this study are
shown in Figure 1.

We made use of TESS photometry, given its high quality.

2.2. Spectroscopic Data

In our spectroscopic analysis, we have used two different
datasets from two different spectral sources:

1. The first was collected by U. Munari et al. (2001) using the
1.82 m telescope operated by the Osservatorio Astronomico
di Padova atop Mt. Ekar (Asiago). A total of 31 spectra
were obtained between 1998 December and 2000 Decem-
ber, each covering the range 4550 < A (A) < 9000. The
dlspersmn was 0.25 A per pixel, which with a slit width of
2'0 leads to a resolution of 0.42 A or, equivalently, to a
resolving power of R ~ 17,000. We obtained the data as
the raw spectra and made standard reductions using IRAF
(D. Tody 1986, 1993). Unfortunately, we could not access
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Table 1
Observed RVs for Each Component

Julian Date 2451894.31796 2451927.45764 2451930.39762 2451931.32282
Reg Wave. Range Primary Secondary Primary Secondary Primary Secondary Primary Secondary
A) (km s~ 1) (km s~ ") (km s ") (km s ")
1 4810-4920 47.00 + 0.62  21.00 + 0.60  78.32 + 1.61 6.37 £ 1.60 43.00 £ 0.10 51.00 + 0.58 57.37 £ 0.16 38.68 + 0.91
2 4915-5025 52.63 + 0.05 20.58 + 0.60 82.89 + 1.00 942 + 120 43.00 £ 030 52.00 £ 0.79 5842 £ 0.03 36.58 + 0.59
3 5020-5150 4937 £0.16 1526 £ 1.74 81.11 £ 0.70  10.00 = 1.11 ~ 42.00 & 0.54  52.00 = 0.53  60.68 + 0.26  34.47 + 0.66
4 5145-5275 4474 £ 021 1479 £ 1.02  80.79 £ 0.70 9.00 £0.70 4437 £ 095 4742 +0.18 56.32 +0.58  35.53 £+ 0.66
5 5260-5405 4526 £ 056 17.37 £1.20 83.00 £ 0.09  10.00 £ 0.60  43.95 £ 0.32  49.00 £ 1.03  56.32 £ 0.30  36.58 + 0.73
6 5385-5540 46.32 £ 034 1526 £ 0.69  82.00 £ 0.35 9.00 £ 0.80 42.89 £ 0.61 50.00 + 1.09 56.84 £ 0.55 36.58 £+ 0.83
7 5525-5670 50.00 £ 0.05  19.00 £ 0.54  82.00 £ 0.05 11.00 £ 0.60  42.89 £ 091 50.00 £ 040 57.11 £0.03  36.58 £+ 0.60
Weighted Averages 4999 +£2.73 1821 £2.62 8192+ 094 955+ 1.25 43.10 £ 0.58 4951 £ 196 57.76 £ 1.02  36.33 £ 1.21
the dataset number 31456 (see Table 2 in L. Tomasella Table 2

et al. 2008). However, we have acquired one more
observation that was not used in that study.

2. The second was retrieved from the ELODIE archive®
(J. Moultaka et al. 2004). The observations were made in
2001 January with the 1.93 m reflector telescope at the
Observatoire de Haute-Provence using the ELODIE
spectrograph (A. Baranne et al. 1979). There are four
spectra in the archive, but we have only used three of
them since one of the spectra has a low S/N of 27. No
additional reduction was required because spectra stored
in the ELODIE archive have already been processed.

3. Data Analyses
3.1. Radial Velocity Measurements

Most (30 out of 34) of the RVs of the components in our
spectra have already been measured by L. Tomasella et al.
(2008), the rest have been measured by following the methods
described in G. Yiicel et al. (2025). Details of the method can
be found in their paper. However, to summarize, we have
selected seven regions that are mostly unaffected by
interstellar extinction lines. Then, we built a synthetic spectra
grid based on the ATLAS9 (R. L. Kurucz 1979; F. Castelli
& R. L. Kurucz 2003) and SPECTRUM (R. O. Gray &
C. J. Corbally 1994) codes. Next, we used the same
methodology as G. Yiicel et al. (2025), which simultaneously
compares the observed spectrum with the synthetic spectrum,
to obtain RVs of the components. The derived RVs, for each
region and for each spectrum, are presented in Table 1. The
final HID-corrected values for each component are presented
in Table 2.

3.2. Analysis of RV and LC

We employed the Physics Of Eclipsing Binaries (A. Pria &
T. Zwitter 2005) v1.0 code to analyze the RV and light curve
(LC) data and derive the parameters of the components of
V570 Per. Both previous studies and an initial inspection of the
LC indicate that no mass transfer occurs between the
components; therefore, the system was modeled as a detached
binary. During the analysis, the orbital period (P) and the
effective temperature of the primary component were
fixed. The temperature of the primary was set to 6842 K
(L. Tomasella et al. 2008). The following parameters were

8 http://atlas.obs-hp.fr/elodie/

RVs: HID is Heliocentric Julian Date, RV1 is the RV of the Primary
Component, and RV2 is the RV of the Secondary

HID Phase RV1 Error RV2 Error  S/N
(day) (®) (kms™")

2451153.44010 0.773 135.70 1.00 —-98.20 0.60 121
2451154.55570 0.360 —65.80 0.60 117.50 0.50 112
2451155.43590 0.823 124.80 1.00 —87.60 0.50 126
2451156.46740 0.366 —63.80 0.50 113.90 0.40 121
2451165.42030 0.075 —28.40 0.50 78.90 0.60 130
2451166.45460 0.619 100.70 0.50 —59.70 0.30 143
2451167.42850 0.132 —61.20 0.80 112.40 0.50 128
2451169.50410 0.224 —89.80 0.60 142.60 1.20 130
2451197.45530 0.928 74.30 0.30 —29.60 0.80 137
2451206.33550 0.599 89.00 0.50 —47.50 0.90 133
2451209.31440 0.166 —75.50 0.90 129.30 1.10 105
2451217.43460 0.438 —20.00 0.70 69.60 0.50 110
2451225.36910 0.612 97.00 0.80 —55.70 0.40 117
2451480.55590 0.854 114.40 0.60 —74.20 0.80 110
2451485.43390 0.420 —30.80 0.20 82.00 0.50 102
2451505.46200 0.956 52.90 0.70 —10.30 0.90 113
2451507.26370 0.904 87.30 0.50 —45.80 0.50 123
2451507.35520 0.952 56.10 0.40 —12.70 0.60 137
2451533.49320 0.702 132.20 0.80 -93.50 0.50 105
2451561.23570 0.296 —86.30 0.80 139.30 1.40 90

2451561.31710 0.339 —74.50 0.80 125.20 1.00 137
2451564.22890 0.871 105.20 0.60 —66.20 0.80 122
2451564.50320 0.015 12.80 0.50 35.30 1.70 111
2451570.26040 0.044 —6.50 0.50 57.80 0.30 140
2451894.32236"  0.515 38.76 2.62 6.98 2.73 79

2451894.34440 0.530 44.40 0.60 —0.80 0.30 95

2451895.40910 0.090 —39.80 0.90 88.10 0.80 113
2451895.50910 0.143 —66.90 0.70 119.00 0.70 137
2451896.42340 0.624 102.70 0.70 —64.20 0.80 142
2451896.44570 0.636 107.80 0.70 —70.80 0.90 139
2451896.46580 0.646 112.90 0.50 —75.60 0.90 143
2451896.48830 0.658 116.70 1.00 —80.90 1.00 145
2451927.46031*  0.947 59.26 0.94 —13.11 1.25 44

2451930.39994"  0.494 19.80 0.58 26.21 1.96 55

2451931.32508"  0.981 34.34 1.02 12.91 1.21 65

Note. One sigma errors are given for both RV columns.
 This study.

adjusted: conjunction time (7), mass ratio (g), eccentricity (e),
argument of periastron (w), semimajor axis (a), systemic
velocity (V,), orbital inclination (i), effective temperature of
the secondary (75), dimensionless surface potentials of both
components (€2 ), and the monochromatic luminosity of the
primary (L,). Considering the mass and temperature values for
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Table 3
Parameters Determined for V570 Per from the Analysis of RV and LC Data
Parameter Symbol This Study
Primary Secondary
Separation (R.) a
Mass ratio q
Systemic velocity (km s~ ') v,
Eccentricity e 0 (fixed)
Orbital inclination (°) i
Temperature ratio Tettn/ Tetr.a
Mass (M) M
Radius (R:) R
Surface gravity (cgs)
Light ratio (TESS) 1/ liotal

the primary and the secondary components from the previous
studies (e.g., U. Munari et al. 2001; L. Tomasella et al. 2008;
J. Southworth 2023), the gravity-darkening coefficients
and bolometric albedos were selected as 0.32 and 0.50 for
the primary and the secondary components, respectively
(L. B. Lucy 1967; S. M. Rucinski 1969). We adopt the
logarithmic limb-darkening law in the analysis and update it
for every iteration. During the analysis, we encountered the
same issue reported by J. Southworth (2023): a significant
discrepancy between the conjunction times derived from
the RV and LC solutions. This discrepancy suggests the
presence of an additional phenomenon affecting the system.
J. Southworth (2023) proposed that this effect might be due to
a third component. Consequently, we included third-light
contribution as a free parameter in our solutions to test for such
an effect; however, no significant contribution was detected
that would support the presence of an additional body. To
address this challenge, we incorporated the RVs in phase space
into our simultaneous solution.

J. Southworth (2023) noted that, because the eclipses are
partial and shallow, they used the spectroscopic light ratio
obtained by L. Tomasella et al. (2008) and adjusted it for the
TESS band in their analysis. However, the use of spectro-
scopic light ratios in binary analysis has limitations. Since
binary systems are formed within the same molecular cloud,
their components are generally expected to share similar
chemical abundances. Spectroscopic light ratios are typically
derived by comparing the equivalent widths (EWs) of the same
absorption lines, most commonly [Fe/H] lines. While this
method generally provides reliable estimates of the component
light ratios, it fails when there is a significant difference in
chemical abundances between the components (see, e.g.,
G. Yiicel et al. 2025). For this reason, we did not adopt
spectroscopic light ratios in our analysis (although see the later
Section 3.4); instead, we directly adjusted the light contribu-
tions of the components. We also detected a very small
eccentricity in the system, e = 0.00152, but our residuals and
model fits were inconsistent with this solution. Therefore, to
obtain the best-fitting model, we fixed the eccentricity to zero
in our final analysis.

Our final solution and its parameters are presented in
Table 3. The RV and LC models are shown in Figure 2, and
the posterior distribution of our final solution is provided in
Figure 3.

Yiicel et al.

3.3. Spectral Disentangling

Spectral analysis provides the most reliable method for
determining stellar properties such as effective temperature
and chemical abundances. However, in binary systems, the
observed spectrum is a composite of the contributions from
both components, which complicates the analysis. One
approach is to construct a grid of synthetic spectra based on
stellar atmosphere models, combine them, and compare with
the observed spectra to infer the temperatures and abundances
of each component (L. Tomasella et al. 2008; G. Yiicel &
V. Bakis 2022). Nevertheless, the most accurate method for
deriving these parameters (one of the primary objectives of
this study) is to disentangle the spectra of the individual
components from the composite spectrum. For V570 Per, we
utilized two independent spectroscopic datasets. To ensure
consistency, we adopted the same procedure as in G. Yiicel
et al. (2025), and applied identical step sizes to the spectra. We
then employed the Fourier disentangling code FD3 (S. Ilijic
et al. 2001) to extract the individual spectra of the components.
The resulting disentangled spectra are presented in Figure 4.

3.4. Determination of Temperatures and Chemical
Abundances

After successfully disentangling the spectra of the individual
components of V570Per, we employed SP _Ace vl4
(C. Boeche & E. K. Grebel 2016; C. Boeche et al. 2021) to
derive the stellar effective temperatures and chemical
abundances. SP_Ace determines stellar atmospheric para-
meters (T.gr, 109 g, and elemental abundances) through spectral
fitting. The code simultaneously constructs models based on
the General Curve of Growth library, which is generated using
ATLAS9 and SPECTRUY, and applies them according to the
spectral features of absorption lines. Further details can be
found in the original references. In our analysis, the logg
values for both components were fixed because they are well
constrained by the RV and LC solutions. Our results are
summarized in Table 4. Figure 5 presents a comparison
between the disentangled spectra and the best-fitting SP_Ace
models (upper panel), along with a zoomed-in region of the
primary component’s spectrum where individual elements
are identified (lower panel). A comparison of the chemical
abundances of the two components is shown in Figure 6. As
expected for binary systems formed in the same molecular
cloud, the components exhibit no significant overall differ-
ences in chemical abundances, except for a few elements
such as Na, Al, and Ca. It should be noted that Na and Al
abundances are considered to be of lower reliability in
SP_Ace results (see p. 12 in C. Boeche et al. 2021).

3.5. SED Analysis

The Apang €xtinction is estimated from the spectral energy
distribution (SED) analysis following the method described in
V. Bakis & Z. Eker (2022), later refined by Z. Eker & V. Bakis
(2023) for the TESS passband. The best-fitting SED model
determines the reddening as E(B — V) = 0.01 £ 0.01 mag,
corresponding to Ay = 0.031 £ 0.031mag and
Argss = 0.021 £ 0.019 mag. Figure 7 presents the SED
data alongside synthetic spectra computed using system
parameters with ATLAS9 models and SYNTHE spectra
(R. L. Kurucz 1993), demonstrating a strong agreement
between the model and observations. In addition, the color
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Figure 2. Observed RVs with best-fitting RV curves, and photometric data with LC modeling. Filled and empty circles represent the RVs of the primary and the
secondary components of V570 Per, respectively. In the RV panel, the red and blue dots represent the L. Tomasella et al. (2008) and ELODIE data, respectively. In
the LC panel, the dark green dots represent the TESS data, while the black curve is based on the best-fitting LC model for this photometric dataset.

excess value of E(B — V) = 0.01 £ 0.01 mag, derived in this
study through the SED analysis, is highly consistent with the
result of E(B — V) = 0.023 £+ 0.007 mag obtained by
measuring the EWs of the Nal D2 line (5890 A) in stellar
spectra from L. Tomasella et al. (2008) and applying the
calibration of U. Munari & T. Zwitter (1997).

Together with the astrophysical parameters obtained in
¢S3.1-3.4, the color excess and interstellar extinctions in V and
TESS passbands obtained via SED analysis are presented in
Table 5.

3.6. Third Body

Additional components in eclipsing binary systems cause
the system to orbit around the common center of mass formed
with the other components. This orbital motion leads to cyclic
variations in the observed times of minima due to the so-called
light-time effect. The variation can be represented by the well-
known formula given by J. B. Irwin (1952):

2
l—eg

c 1 + e5cosvs

apn sin i3

Ar = sin(u3 + w3) + e3sinws |,

)

where a,; is the semimajor axis of the eclipsing pair around
the common center of mass, i3 the inclination of the third-body

orbit, e3 the eccentricity, ws the longitude of periastron, v the
true anomaly, and c the speed of light.

For practical purposes, the semiamplitude K derived from
the eclipse timing variation (ETV) fitting represents the light-
travel time corresponding to the projected semimajor axis of
the eclipsing pair. Thus, the relation

apn sin i3

K= (2)

c
holds for circular orbits (e = 0), while for eccentric cases K
corresponds to the half the peak-to-peak amplitude of the fitted
Irwin model. This relation enables the conversion between the
observed timing semiamplitude and the physical orbital
parameters used in the mass-function calculation.

The timing discrepancy of approximately 11 minutes
reported by J. Southworth (2023) for the V570 Per system
may be attributed to such an additional component. Therefore,
we collected the available times of minimum light from the
literature. The literature data include seven primary and two
secondary minima obtained from the Variable Star and
Exoplanet Section of the Czech Astronomical Society’s
VarAstro web portal.9 In addition, we determined 83 new
minima (42 primary and 41 secondary) from the TESS
observations.

® htps://var.astro.cz/en/
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Figure 3. A corner plot of the posteriors for the fundamental parameters of V570 Per.
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Figure 4. The spectra of the individual components were obtained through
spectral disentangling and are shown alongside the observed composite spectrum.

the ETV method, we found that two distinct orbital solutions
provided the best representation of the O — C distribution.
The circular-orbit model (upper panel of Figure 8) yields an
orbital period of P; = 25,974 days, a time of periastron
passage of T, = 2450437 (HJD), and a semiamplitude
of K=0.0058 days, corresponding to a mass function of
f(mz) = 1.97 x 10~* M. This implies a minimum mass of
M3 min = 0.11 Mg, for the third body.

The alternative model corresponds to a highly eccentric orbit
(lower panel of Figure 8). When the eccentricity was left as a
free parameter, it reached values as high as e; = 0.98. In this
model, the orbital period is P; = 6680 days, the time of
periastron passage is Tp = 2449331 (HJD), and the semiam-
plitude is K = 0.011 days. These parameters correspond to a
mass function of f(m3) = 0.022 M, implying a minimum mass
of Mz min = 0.57 My, for the third component.
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Table 4

SP_Ace Analysis Results for Each Component
Parameter Symbol Primary Secondary
Temperature Ter (K)
Signal /Noise S/N 982 975
Chi-square b 1.70 1.55
Abundance (dex) N Primary N Secondary
[M/H] 1070 0.1819:53 1054 0.155002
[Fe/H] 831 0.1875%3 824 0.175531
[C/H]® 15 0.209% 15 0.25+3%4
[Na/H]® 4 0.22+312 4 0.555907
[Mg/H] 2 01233 2 019312
[Al/H]® 2 0.1810:44 2 0.437918
[Si/H] 32 0.059%8 31 0.1875%
[Ca/H] 24 0.37+9:9¢ 24 0.0470%
[Sc/H] 26 0.06759 23 0.16:3%
[Ti/H] 181 0.14°3% 173 0.0743%3
[V/H] 28 0287948 27 0.54700%
[Cr/H] 201 0.1975% 200 0.10-3%2
[Mn/H] 86 0.1015% 84 0.04+534
[Co/H] 127 0.13+3:98 113 0.10259¢
[Ni/H] 140 0.16°0% 119 0.19+5%
[Cu/H] 6 0.21°012 6 —0.19%3:9%
[Y/H]¢ 18 0.277043 18 0.16:3%
[Zr/H]¢ 9 0.16°924 8 0.36:013
[La/H]® 14 0.28+0%2 13
[Ce/H]® 44 —0.021933 14 0.06:037
[Nd/H]® 57 0.18731% 47 0.34*919

Note. The metal abundance ([M/H]) was calculated according to the formula
of M. Salaris et al. (1993). Letters “B” and “C” as exponents represent the
quality of the measurements, and N is the number of lines.

Although both models clearly indicate the presence of an
O — C variation, the available data are not sufficient to
determine the orbital parameters of the third body conclu-
sively. Future precise timing observations will be crucial for
constraining its orbital characteristics.

4. Evolutionary Status

We employed the MESA—B. Paxton et al. (2011,
2013, 2015, 2018, 2019), A. S. Jermyn et al. (2023), version
23.05.1—for the evolutionary calculations. Using its binary
module, MESA enables the modeling of the simultaneous
evolution of both stars in a binary system, including the
calculation of orbital parameters that play a critical role in
determining the onset of mass transfer.

Our initial analysis focused on locating the components of
V570 Per on the HR diagram in order to test the consistency of
our results with MESA evolutionary models. Since SP_Ace
adopts the solar composition of N. Grevesse & A. J. Sauval
(1998), with Z, = 0.169 and Y. = 0.2485, we adopted
metallicities of 0.02558 and 0.02387 for the primary and
secondary components, corresponding to [M/H] values of 0.18
and 0.15 dex, respectively, in our evolutionary calculations. In
MESA, the helium abundance is given by the relation
(Y = 0.24 + 2 x Z). Therefore, adopted values for Y are
0.291 and 0.288 for the primary and secondary components,
respectively, by default on MESA. Another key parameter in
stellar modeling is the mixing length parameter (o 1), Which
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Figure 5. Upper panel shows the disentangled spectra of both components
with SP_Ace models and their residuals, while the lower panel presents a
selected region from the primary component, highlighting the spectral lines
used for chemical abundance analysis.

Figure 6. Upper panel: Chemical abundance distributions of the primary and
secondary components of V570 Per as a function of atomic number, shown in
red and yellow, respectively. Dashed lines indicate the [Fe/H] value for each
component. Lower panel: The differences in chemical abundances between the
two components are plotted against atomic number.

describes convective energy transport. In one-dimensional
models, convection is typically treated with apgr. In this
framework, ozt represents the characteristic distance,
expressed in units of pressure scale height, that a convective
element travels before dissolving (see M. Joyce &
J. Tayar 2023). MESA adopts mixing length parameter as 2.0
by default. Our initial evolution models, using default values,
are shown in log(L/Ly) X Tetr (a), R/Rs X Tegr (b), and
logg * Teg (c) diagrams, respectively, in Figure 9. As can be
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Figure 15. The abundances of four a-elements relative to iron are presented. The panels compare the component stars of V570 Per (blue star symbols) with the
stellar populations (thin disk, thick disk, and halo) from T. Bensby et al. (2014), which were classified based on kinematic properties.

relatively high-calcium abundance measured in the primary
component of V570 Per (see Table 4), the abundances of the
other a-elements are in good agreement with the chemical and
kinematic distributions reported by T. Bensby et al. (2014). The
generally low a-element abundances, combined with [Fe/H]
values exceeding the solar metallicity, suggest that V570 Per is
chemically consistent with the thin-disk population. Moreover,
the system’s kinematic parameters align with stars exhibiting
TD/D < 1, further reinforcing this classification. Finally, the
deficiency of a-elements and the relative enrichment of iron in
the component stars imply that the molecular cloud from which
V570 Per formed was predominantly enriched by Type Ia
supernovae (e.g., R. G. Gratton et al. 2000; F. Matteucci et al.
2009; D. Maoz & O. Graur 2017).

Using the mean metallicity derived for the V570 Per system
(([Fe/H]) 0.175dex) and its Galactocentric distance
(Ree = 8.1kpc), the system was compared with stars of
similar ages in the solar neighborhood. For this comparison,
we employed the thin-disk chemical evolution model devel-
oped by C. Chiappini (2009) as well as the chemo-dynamical
simulations of I. Minchev et al. (2013, 2014). In addition, the
analysis incorporated data from 16 open clusters presented by
N. Myers et al. (2022), based on spectroscopic studies
of cluster member stars in the APOGEE DRI17 catalog
(Abdurro’uf et al. 2022). The distribution of metallicity versus
Galactocentric distance for V570 Per is shown in Figure 16. As
seen in the figure, V570 Per is located in a region more metal-
rich than the simulated field stars. This result is consistent with
the findings for the 16 open clusters studied by N. Myers et al.
(2022). Consequently, it suggests that V570 Per may have
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Figure 16. V570 Per in comparison with the chemical evolution model of
C. Chiappini (2009) (blue) and the chemo-dynamical simulations by I. Minc-
hev et al. (2013, 2014) (blue dot). Red circles and black star symbol are
represented by open clusters taken from N. Myers et al. (2022) and V570 Per,
respectively.

originated in a metal-rich, young-open cluster and subse-
quently dispersed into the field star population.

To further investigate this possibility, we examined the sky
region surrounding V570 Per. A literature search using the
SIMBAD database indicates that V570 Per has been classified
as a member of the open cluster Melotte 20 (Collinder 39, «
Per; | = 14724710, b = —6%4620) by O. Heckmann et al.
(1956). Astrometric analyses of Melotte 20 based on Gaia DR3
data report proper-motion components (I, cosé = 22.9182,

s = —25.4626 mas yr '), a distance of 175.587033 pc, an age
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Figure 17. Possible birthplace calculated by tracing back in time the positions
of 20 open clusters selected from E. L. Hunt & S. Reffert’s (2023) catalog and
the V570 Per system, considering their ages. The yellow and green shaded
areas represent, respectively, the age of the V570 Per system, and the
corresponding possible birthplace. The open clusters shown in five different
colors indicate the potential birthplace of the V570 Per system.

of 56758 Myr, a RV of —0.87 + 1.25kms ' (E. L. Hunt &
S. Reffert 2023), and a mean metallicity of 0.158 % 0.070 dex
(W. S. Dias et al. 2021). When the astrometric parameters and
fundamental parameters determined for V570 Per in this study
(see Table 5) are compared with the values compiled from the
literature for Melotte 20, a significant discrepancy is found
except for the metallicity value. This indicates that V570 Per is
not a former member of Melotte 20. Therefore, V570 Per may
have originated in a different open cluster, or it may have
formed within a metal-rich molecular cloud independent of
any cluster environment.

To determine in which open cluster V570 Per was formed in
the solar neighborhood, this study aimed to identify open
clusters whose ages and possible birthplace correspond to the
age estimated for the system (r = 577 £ 60Myr) and its
associated range of birth radii (7.3 < Ry.(kpc) < 8.9) (see
Figure 13). Candidate open clusters were selected from the
catalog of E. L. Hunt & S. Reffert (2023), which provides
analyses based on Gaia DR3 data. From this catalog, 20 open
clusters located within 1 kpc of the Sun and with ages in the
range of 500-800 Myr were chosen. The possible birthplaces
(Rgc) of the selected open clusters were computed using the
method described in Section 5 and F. Akbaba et al.’s (2024)
study, depending on the open cluster ages. This approach
simultaneously accounts for both spatial proximity and
evolutionary consistency, allowing the identification of the
most probable open cluster associated with the V570 Per
system. To construct the Galactic orbits of the selected open
clusters, their astrometric and spectroscopic data were taken
from the catalog of E. L. Hunt & S. Reffert (2023). By tracing
back the motions of the selected clusters and V570 Per
according to their ages, the corresponding birth radii of the
objects were determined, and their Galactic orbital motions are
illustrated in Figure 17. Considering the uncertainties in the
age of V570Per and the corresponding variations in Ry,
possible candidate open clusters in which the system may have
formed were identified.

Figure 17 shows five open clusters whose orbits intersect the
overlap region of the two shaded areas, indicating that they are
dynamically consistent with V570 Per. The ages of these
clusters, adopted from the catalog of E. L. Hunt & S. Reffert
(2023), and the corresponding R,. values derived from the
dynamical orbit analysis are as follows: COIN-Gaia?25
(5757333 Myr, 8.34kpc), Melotte 25 (577433 Myr, 8.04 kpc),
Ruprecht 145 (5687277 Myr, 8.63 kpc), UPK 578 (5527338 Myr,
7.68 kpc), and UPK 93 (563735 Myr, 8.28 kpc). An additional
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parameter used to determine the possible birth cluster of
the V570Per system was the mean metallicity of the
candidate clusters, derived from spectroscopic analyses avail-
able in the literature. Accordingly, COIN-Gaia 25, Melotte 25,
and Ruprecht 145 were analyzed by L. Spina et al. (2021) using
GALAH data; UPK 578 was studied by R. Andrae et al. (2023)
using Gaia XP spectra data; and UPK 93 was analyzed by X. Fu
et al. (2022) based on LAMOST observations. According to
these spectroscopic analyses, the mean metallicities were
determined as follows: COIN-Gaia25 (from 1 member star)
([Fe/H]) = 0.007 £ 0.008 dex, Melotte 25 (from 34 member
stars) ([Fe/H]) = 0.145 + 0.063 dex, Ruprecht 145 (from 2
member stars) ([Fe/H]) = 0.007 £ 0.008 dex, UPK 578 (from
57 member stars) ([Fe/H]) = —0.080 £ 0.080 dex, and UPK 93
(from 2 member stars) ([Fe/H]) = —0.007 £+ 0.005 dex.
Considering the spectroscopic properties of the five candidate
open clusters, the metallicity of V570 Per determined in this
study ([Fe/H] = 0.175f8j8%8 dex) shows a strong agreement
with that of Melotte 25. This finding provides significant
evidence that V570 Per may have originated in the Melotte 25
open cluster.
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