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Abstract
We present the physical parameters of an eclipsing binary system EPIC 211982753 derived
through photometric and radial velocity data modeling. We make use of photometric data from
NASA’s K2 mission, ASAS-SN, and 1.3-m Devasthal Fast Optical Telescope (DFOT) while
spectroscopic data have been acquired from the HERMES spectrograph at 1.2-m Mercator tele-
scope. The linear ephemeris for the system is updated using the K2 mission data. The synthetic
lightcurve and radial velocity curves are generated with the help of eclipsing binary modeling
package PHOEBE 1.0. The masses of primary and secondary components are determined as
1.64± 0.02 and 1.55± 0.01M⊙, respectively. The radius for primary and secondary compo-
nents are estimated as 1.73±0.02 and 1.47±0.02R⊙, respectively. The distance of the system
is calculated as 238± 4 pc. The eclipsing binary is found to be a total eclipsing system with a
high mass ratio of q = 0.94.

Keywords: methods: observational - techniques: photometric - techniques: spectroscopy -
binaries: eclipsing

1. Introduction
Eclipsing binaries (EBs) hold an important place in astronomy as they provide a simple but

accurate way to measure stellar parameters as compared to single stars. The periodic changes
in their flux and radial velocity (RV) are used to estimate the physical parameters for these
systems. The applications of double-lined detached EBs for understanding star formation and
evolution are discussed by many authors (Torres et al., 2010; Higl and Weiss, 2017; Fernandes
et al.). The physical parameters of the components determined using EBs are more precise as
compared to other techniques such as gravity-mass or isochrones fitting. The EBs can also be
used to determine distances with uncertainties up to 3% (Southworth et al., 2005; Graczyk et al.,
2020). Using long-term photometric observations, the orbital period variation can be studied
which is further used to understand/detect the component interaction (mainly in close systems),
magnetic activity cycles, or extra component in the system (Kwee, 1958; Panchal and Joshi,
2021; Li et al., 2021; Panchal et al., 2022).
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Due to multiple space missions like Kepler (Borucki et al., 2010) and TESS (Ricker et al.,
2015), a large amount of precise photometric data is available for thousands of stars. The
Kepler Eclipsing Binary Catalog (Third Revision) and TESS Eclipsing Binary Catalog consist
of photometric time series data for ∼ 2800 and ∼ 4500 systems, respectively. In this work, we
present the physical parameters of an EB system EPIC 211982753 which was first reported by
Wraight et al. (2011) after analyzing NASA’s STEREO mission data. The system was again
observed by the K2 mission and Barros et al. (2016) mentioned it as an EB candidate on the
basis of K2 campaign-05 observations.

2. Observations
Photometric time series data are available for the target in the Kepler archive (can be ac-

cessed through the Barbara A. Mikulski Archive for Space Telescopes) and ASAS-SN. We
also observed the system in Rc band using DFOT, Nainital (Joshi et al., 2022). The available
K2 LCs are already corrected for instrumental systematics and spacecraft pointing errors using
EPIC Variability Extraction and Removal for Exoplanet Science Targets (EVEREST) pipeline.
EVEREST pipeline uses pixel-level decorrelations and Gaussian processes for this purpose.
Furthermore, this source was also observed in surveys like WISE, GAIA (G, GBP, and GRP
bands) but with poor coverage or bad data quality. To detect the radial velocity (RV) variation,
we collected ten high-resolution spectra for the system using the High-Efficiency and high-
Resolution Mercator Echelle Spectrograph (HERMES) at the Mercator Telescope (La Palma,
Spain). HERMES spectra were reduced using the HERMES data pipeline. Three medium-
resolution spectra (MRS) were collected from 6th data release (DR6-v2) of the Large Sky Area
Multi-Object Fibre Spectroscopic Telescope (LAMOST).

3. Updating Ephemeris
Photometric observations by the K2 mission are used to update the ephemeris of the system.

The system was observed under campaign-05 (April 28, 2015 to July 10, 2015) and campaign-
18 (May 14, 2018 to July 2, 2018). The times of minimum brightness (ToMs) at primary and
secondary eclipses are determined via parabola fitting. The O−C from ToMs are calculated
at different orbital cycles (E) using a period of 5.389920 days and BJD 2457141.728936 as
ToM at 0th orbital cycle (BJD◦). For the O−C diagram, we determined 17 primary ToMs and
18 secondary ToMs using K2 data. Wraight et al. (2011) and Jayasinghe et al. (2018) also
reported primary ToM as 2454274.329535 and 2456381.80891 but we did not use these ToMs
in the present analysis due to poor data quality and unknown uncertainty. The updated linear
ephemeris and associated uncertainties are determined using MCMC implemented in EMCEE
(Foreman-Mackey et al., 2013). The updated linear ephemeris is estimated as follows:

BJD◦(E) = 2457141.7291(±0.0004)+5.389917(±0.000003)×E.

The O−C diagram with a linear fit is shown in the left panel of Fig. 1. The O−C diagram
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Figure 1: The O−C diagram with linear fit (left panel) and the corner
plot for updated ephemeris (right panel). The HJDo in the right panel
of the figure is HJDo-2457141.

region from E = 20 to E = 200 is excluded due to the unavailability of data points. The fitted
line shows a discontinuity in the O−C diagram due to the small slope of the fitted line and
excluded region. The O−C diagram follows a linear trend which can be represented by

(O−C) =−0.237836(±508.62)×10−6 −1.89206(±3.68891)×10−6 ×E.

Red dots and blue triangles represent the O−C for primary and secondary ToMs. The right
panel of Fig. 1 represents the MCMC distribution for the updated ephemeris. The quadratic fit
for the O−C diagram is as follows:

(O−C) = 0.00003(±0.00094)−0.000007(±0.000121)×E +0.23(±5.54)×10−7 ×E2

The O−C diagram fit does not show any significant change in the χ2 due to quadratic fit.
Because of significantly large errors on the quadratic term in the (O−C) fit, the period of the
system can be considered constant.

4. Modeling and Parameter Determination
4.1. SED fitting

Spectral energy distribution (SED) provides an ideal method to independently determine
the stellar parameters. For this purpose, a freely available SED fitting tool SPEEDYFIT was
used. The published photometry information was used to generate the SED for the system. For

136



Figure 2: The fitted SED with SPEEDYFIT is shown in the left panel.
The flux contributions from individual components are shown by dotted
and dashed lines. The continuous line represents the combined SED of
the system. The right panel shows the CCFs for different spectra in the
form of a heatmap.

GAIA and WISE, we calculated and used out-of-eclipse flux of the system in the SED. The dis-
tance was obtained through the parallax given by GAIA DR3 while reddening was taken from
Schlafly and Finkbeiner (2011). The SPEEDYFIT uses Kurucz (1979) model grids and MCMC
approach to determine the SED parameters along with the uncertainties. The primary com-
ponent SED (green dotted line) and secondary component SED (blue dashed line) are shown
in Fig. 2. The photometric measurements in different photometric bands are shown with filled
circles in different colors. From the SED fitting, the primary and secondary component Teff are
determined as 7243+103

−160 and 7122+114
−138 K.

4.2. Radial velocity curve

To determine the radial velocity (RV) from the observed spectra (HERMES and LAMOST),
the FXCOR routine of IRAF was used. FXCOR utilizes the Fourier cross-correlation technique
to compare the target and template spectra. A synthetic template spectrum was generated using
the SPECTRUM software package (Gray, 1999). Stellar atmospheric models by Castelli and
Kurucz (2003) were used during synthetic spectra generation. The projected rotational velocity
was fixed at 25 km/sec as reported by Jönsson et al. (2020) using APOGEE-2 spectra. The logg
and [Fe/H] for the synthetic spectra were kept at 4.0 and 0.0, respectively. The temperature for
the synthetic template was taken as 7250 K (close to the SED temperature estimates). The right
panel of Fig. 2 shows the cross-correlation functions (CCFs) for all the spectra in the form of a
heatmap. The color variation from blue to red describes the height of CCF. The CCF numbers
1–10 are generated from HERMES spectra while 11–13 are generated from LAMOST MRS
spectra. The primary peak in CCF is visible in dark red while the secondary peak falls around
orange region. The RVs were calculated by fitting double Gaussian to the actual CCFs. For
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Figure 3: The K2 mission observations (red triangles) and DFOT Rc

band observations (green dots) are shown with the synthetic light curve
(black continuous line). The residuals between observed and synthetic
data points are shown in the lower panel.

observations close to primary/secondary eclipse, only a single peak is observable in CCFs.

4.3. Modeling

To analyze the LCs and RV curves for the source, we used the LC and RV fitting package
PHysics Of Eclipsing BinariEs (PHOEBE 1.0; Prša and Zwitter 2005). Both the photometric
data and RV curves can be analyzed at the same time in PHOEBE using its graphical user in-
terface (GUI) or the PHOEBE-scripter. After loading the data in PHOEBE, we fixed the known
parameters such as ToM at 0th orbital cycle, period of the system, and effective temperature
(Te f f ) of the primary component as determined by SED fitting. The eccentricity of the system
was fixed to zero. Surface albedo and gravity brightening of components are fixed as 0.5 and
0.32. Limb darkening coefficients were updated using the tables from van Hamme (1993) after
each iteration. The fitted parameters were semi-major axis (a), mass-ratio (q), center of mass
velocity (Vγ ), inclination (i), secondary component temperature, primary star surface potential
(Ω1), secondary star surface potential (Ω2), luminosity level (l1). The detailed fitting proce-
dure is described in Panchal et al. (2023). The initial estimates of the best-fit parameters were
obtained using the PHOEBE-GUI by analyzing the observed and synthetic data after every it-
eration. Parameters were further refined using the PHOEBE-scripter with multiple iterations.
K2 and the DFOT LCs along with fitted LCs are shown in Fig. 3. ASAS-SN LC is shown in
the right panel of Fig. 4. The left panel of Fig. 4 shows the RV curves for the primary and sec-
ondary components of the system. The data points close to the primary or secondary eclipse are
not used in RV fitting due to single CCF peak (these include two observations from HERMES
and one observation from APOGEE). The excluded points are represented by black squares in
Fig. 4.

The physical parameters are determined from the LC and RV modeling parameters using a
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Figure 4: RV variation for primary and secondary components along
with synthetic RV curves are shown in the left panel. The ASAS-SN
observations and the synthetic LC from PHOEBE are shown in the right
panel.

Table 1: The combined LC and RV solutions for the system.

Parameter Value Parameter Value Parameter Value
a (R⊙) 19.02±0.05 Ω1 13.56±0.11 M1 (M⊙) 1.64±0.02
Vγ (km s−1) 24.88±0.05 Ω2 12.88±0.15 M2 (M⊙) 1.55±0.01
q 0.943±0.005 r1 (a) 0.0907±0.0009 R1 (R⊙) 1.73±0.02
i (◦) 85.14±0.08 r2 (a) 0.0771±0.0010 R2 (R⊙) 1.47±0.02
T pri

eff 7243+103
−160 l1 8.08±0.09 log(L1) 0.87±0.03

T sec
eff 6863±43 l2 3.98 log(L2) 0.63±0.02

FORTRAN-based code JKTABSDIM by Southworth et al. (2005). The code requires informa-
tion from LC and RV solutions such as period, RV amplitude, inclination, component tempera-
tures, reddening, available photometry in different bands, etc. Based on the given information,
this code determines the radius, mass, and luminosity of each component. For luminosity mea-
surements, the code uses the bolometric correction information from Girardi et al. (2002). The
orbital solutions from PHOEBE and physical parameters for the system are given in Table 1.

Eker et al. (2018) derived parameter relations for EBs using a sample of 509 detached
EBs. Eker et al. (2018) derived mass-luminosity and mass-radius relations using this sam-
ple. For our system the component luminosities are derived as log(L1) = 0.94(0.04) and
log(L2) = 0.83(0.03)L⊙ using the intermediate-mass stars mass-luminosity relation. The lu-
minosity estimates by this relation are large as compared to our results. The EB sample used
by Eker et al. (2018) is shown in Fig. 5. The discrepancy in these estimates can be due to the
non-homogeneous nature of the EB sample used by Eker et al. (2018). A major fraction of the
stars in the sample consists of main sequence stars from the solar neighborhood disc. Though
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Figure 5: EPIC 211982753 components along with other EBs from
Eker et al. (2018).

actual metallicity estimates are unavailable for these systems, some works like Haywood (2001)
and Rebassa-Mansergas et al. (2021) revealed the high metallicity among solar neighborhood
stars. Eker et al. (2018) relations do not consider the effects of metallicity or age on output
parameters. The behavior of mass-radius and mass-luminosity can change for stars with ages
and metallicity.

5. Results and Discussion
A new bright EB system HD 69735 (or EPIC 211982753) was reported by Wraight et al.

(2011) using NASA’s STEREO mission observations. The system was further observed by
NASA’s K2 mission during its 5th and 18th campaigns. We collected the available photometric
data for the system using DFOT (only primary eclipse), ASAS-SN, and the K2 observations.
We calculated the ToMs for the K2 time series and updated the ephemeris of the system. The
O−C diagram is seen to follow a linear trend which is an indication of the non-variable period
of the system. However, more photometric observations will further help to probe any long-
term period changes in the system as the present analysis is based on a time length of ∼ three
years only.

The available estimates of the effective temperature for the system in literature vary from
7000 (APOGEE survey) to 7500 K (GAIA survey DR3). The change in the effective tempera-
ture of any of the components can alter the estimated parameters like luminosity and radii. We
used the SED fitting approach to determine the effective temperature of the components. The
primary temperature from the SED fit was used to generate a template synthetic spectra for RV
determination and data modeling. CCFs for each observed spectra were generated using the
FXCOR routine of IRAF. RVs were determined by Gaussian fitting to the peaks in CCFs.

The photometric LCs and RV curves were solved simultaneously using the PHOEBE soft-
ware. The parameters obtained from model fitting were further used to determine the fun-
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damental parameters of the EB components using a FORTRAN-based code JKTABSDIM. The
radii for primary and secondary components are determined as 1.73(0.02) and 1.47(0.02) R⊙, re-
spectively. The masses for primary and secondary components are determined as 1.64(0.02) and
1.55(0.01) M⊙, respectively. The separation between the components is found to be
19.02(0.05) R⊙. The distance to the system is determined as 238(4) pc while the distance esti-
mate by GAIA-DR3 is 248(1) pc. The EB system is a total eclipsing system with an inclination
angle of 85.14◦. The system is a high mass-ratio system with q = 0.94.

We checked the position of EPIC 211982753 components on M − T , M − L, and M −R
planes using the MESA evolutionary tracks and isochrones. The primary component of the
system was found to be within 160–225 Myr isochrones while the luminosity and radius of the
secondary was lower than expected for this age range isochrones. Due to the unavailability
of accurate metallicity estimates, we used isochrones with [Fe/H] = +0.02. The metallicity is
mentioned in GAIA, LAMOST, and APOGEE catalogs but varies from one catalog to another.
Accurate logg and metallicity estimates can result in a better age determination for the system
in the future.
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