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Looking at the input again: “We presented the first photometric analysis of the
V1961 Cyg and V0890 Lyr binary systems. We observed and analyzed these
systems at an observatory in France as part of the Binary Systems of South and
North (BSN) Project. We extracted and collected the times of minima from
the observations and literature and presented a new ephemeris for each system.
Due to the few observations about these systems over the years, both O-C
diagrams were fitted linearly. The PHysics Of Eclipsing BinariEs (PHOEBE)
Python code and the Markov Chain Monte Carlo (MCMC) method were used
for light curve solutions. The light curve solution required a cold starspot on
the hotter component in the V1961 Cyg binary system. We compared and have
close agreements between our mass ratios’ results from the light curve analysis
processes and a new method based on the light curve derivative. We estimated
the absolute parameters using an empirical relationship between the semimajor
axis and orbital period for contact binary systems. The results show V1961
Cyg and V0890 Lyr are W-type contact binary systems. We displayed stars
and systems’ positions in the M-L, M-R”
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Abstract

We present the first photometric analysis of the V1961 Cyg and V0890 Lyr
binary systems. We observed and analyzed these systems at an observatory in
France as part of the Binary Systems of South and North (BSN) Project. We
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extracted and collected times of minima from both our observations and the
literature, and derived new ephemerides for each system. Due to the limited
number of observations of these systems over the years, both O-C diagrams
were fitted linearly. The PHysics Of Eclipsing BinariEs (PHOEBE) Python
code and the Markov Chain Monte Carlo (MCMC) method were used for light
curve solutions. The light curve solution required a cold starspot on the hotter
component in the V1961 Cyg binary system. We compared our mass ratio
results from the light curve analysis with those from a new method based on the
light curve derivative and found close agreement. We estimated the absolute
parameters using an empirical relationship between the semimajor axis and
orbital period for contact binary systems. The results show that V1961 Cyg
and V0890 Lyr are W-type contact binary systems. We display the positions of
the stars and systems in the M-L, M-R, and other diagrams. We also present
a new relationship between mass ratio and luminosity ratio.

Key words: (stars:) binaries: eclipsing -methods: observational -stars: indi-
vidual (V1961 Cyg, V0890 Lyr)

1. Introduction

W Ursae Majoris (W UMa) eclipsing contact binary systems consist of two late-
type stars with short orbital periods. In these systems, the two components
overfill their critical Roche lobes and share a common envelope (Kopal 1959).
The effective temperature difference between the component stars in contact
binary systems is low, and they typically have minima of similar or equal depth
(Kuiper 1941; Yakut & Eggleton 2005).

W UMa contact binaries are generally classified into two categories: A-subtype
and W-subtype (Binnendijk 1970). The subtype of a system cannot be recog-
nized from its light curve shape alone; absolute parameters, including the masses
of the stars, are required for classification (Guo et al. 2022). The stars in contact
systems transfer mass to each other (Lucy & Wilson 1979), and this process can
alter their orbital periods. The orbital period of contact systems plays a role
in relations with absolute parameters and influences the evolutionary process of
these systems (Latkovié et al. 2021; Loukaidou et al. 2022; Poro et al. 2024b,
2024c). Several studies have investigated the upper and lower cut-offs of these
systems’ orbital periods (Zhang & Qian 2020).

Asymmetric light curves from contact and near-contact binaries are commonly
observed over time, particularly at phases 0.25 and 0.75. This phenomenon is
generally referred to as the O’ Connell effect (O’ Connell 1951), which is crucial
for studying a star’ s magnetic activity. This asymmetry in the light curves is
typically modeled with one or more starspots, which presents a challenge in the
modeling process.

In this work, we investigated V1961 Cyg (2MASS J21243169+43957197) and
V0890 Lyr (2MASS J19184581+43708166), which are binary star systems clas-
sified as EW type in variable star catalogs and databases such as ASAS-SN,
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GCVS, ZTF, and VSX. The variability of V1961 Cyg was discovered by Kula-
gin & Shugarov (1989). Based on Gaia Data Release 3 (DR3), V1961 Cyg has
coordinates of R.A.: 321°.1320 and decl.: 39°.9554 in the Cygnus constellation.
This system ranges from 13.88 to 14.6 mag in the V filter, according to the VSX
database. The orbital period of V1961 Cyg was reported to be 0.286008 days
in the Kulagin & Shugarov (1989) study and 0.2860135 days in the ASAS-SN
catalog of variable stars.

V0890 Lyr was identified in a survey of Two Micron All Sky Survey (2MASS)
and Northern Sky Variability Survey (NSVS) data (Gettel et al. 2006). This
system is located in the constellation Lyra with coordinates of R.A.: 289°.6909
and decl.: 37°.1379, according to the Gaia DR3 database. The VSX database
reported a magnitude range of 11.38-11.71 mag in the V filter and an orbital
period of 0.3884152 days for V0890 Lyr.

We aim to investigate two contact binary systems that have not been previ-
ously studied in detail. Different systems have their own characteristics, and
their analysis can lead to a better understanding of contact binary evolution.
Additionally, investigating new contact binary systems expands the sample of
studied targets, which could be used to develop future empirical relationships
between parameters. This paper is structured as follows: Section 2 describes
the observational data and methods used for data reduction. Section 3 presents
the new ephemerides of each contact binary system. Section 4 presents the
light curve analysis solutions, while Section 5 provides the estimated absolute
parameters of each target system. Finally, Section 6 gives our discussion and
conclusion.

2. Observation and Data Reduction

We observed V1961 Cyg and V0890 Lyr at a private observatory located in
Toulon, France (longitude 05°54% 35’ ‘$ E, latitude 43°8%* 59 $ N, altitude 68 m
above sea level). The photometric observations were made using the standard V
filter for both target systems. We employed an apochromatic refractor telescope
with a 102 mm aperture and a ZWO ASI 1600MM CCD camera. The binning
of the images was 1 x 1, and the average temperature during the observations
was —15°C.

V1961 Cyg was observed for three nights on July 2nd, 9th, and 13th,
2023, accumulating 499 images with 110 s exposure time. We used Gaia

DR2 1965471833170939904 as a comparison star, which has a magnitude of

V = 12.795(28) mag and coordinates R.A.: 21h24m21.976, decl.: +39°59%
36.83.GaiaDR21965424588530688256waschosenasacheckstarwithamagnitudeofV =
13.621(34)magandcoordinatesR.A. : 21h24m22.725 decl. : +39°55 $27.37
(Figure 1, left). The average signal-to-noise ratio (SNR) of our observations is

15.49 decibels (dB), which indicates a 0.03 mag uncertainty for V1961 Cyg.

V0890 Lyr was observed for two nights on August 19th and 20th, 2023. These
observations resulted in 484 images with an exposure time of 80 s. Gaia
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DR2 2051151521582207232 (R.A.: 19h17m06.764, decl.: +37°06% 03.74,V =
12.672(140)mag)wasusedasacomparisonstar, andGaiaDR22051169835322822912(R. A. :
19h17m21.475, decl. : +37°11" $52.05, V = 11.439(119) mag) as a check star

(Figure 1, right). Our data analysis indicates that the average SNR is 24.56

dB, which corresponds to an uncertainty of 0.004 mag for V0890 Lyr. The
field-of-view of the target systems with comparison and check stars is shown in

Figure 1.

We determined the apparent magnitude at maximum brightness for each light
curve based on our observations, resulting in V, . = 14.15 mag for V1961 Cyg
and V., = 11.45 mag for V0890 Lyr. The data reduction process for both
binary systems involved standard calibration techniques, including bias correc-
tion using offset frames, dark frame subtraction to eliminate thermal noise, and
division by flat-field frames to correct for uneven illumination. These standard

processes were executed using version 1.2.0 of the Siril software.

3. New Ephemeris

Data derived from our ground-based observations were used to extract primary
and secondary times of minima. We utilized a Python program to fit a Gaus-
sian distribution and extract minima from the ground-based data. We used an
online tool to convert the times of minima gathered from the literature, which
were given in Heliocentric Julian Day (HJD), to Barycentric Julian Date and
Barycentric Dynamical Time (BJDTDB). The times of minima are listed in
Table 1.

A reference ephemeris was used to calculate the epoch and O-C values of each
system. We chose t,(BJDTDB) = 2453259.38056 + 0.00240 from Hubscher et
al. (2005) and P, = 0.2860135 days from the ASAS-SN catalog for V1961 Cyg.
For V0890 Lyr, t,(BJDTDB) = 2457944.979491 and P, = 0.3884152 days were
taken from the VSX database. O-C diagrams of the systems are presented
in Figure 2. The O-C diagram of each system was fitted linearly based on
the limited observations available for these target systems. The computed new
ephemerides are given by Equations (1) and (2):

V1961 Cyg:
Min. I = 2453259.38056(24) + 0.28601330(13) x E (1)

V0890 Lyr:
Min. T = 2457944.97949(37) 4+ 0.3884144(4) x E  (2)

where F is the number of orbital cycles after the reference mid-eclipse time.

4. Light Curve Solutions

We employed the PHysics Of Eclipsing BinariEs (PHOEBE) 2.4.9 Python code
and the Markov Chain Monte Carlo (MCMC) method in this investigation (Prsa
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et al. 2016; Conroy et al. 2020) to provide the first light curve analysis of the
binary systems V1961 Cyg and V0890 Lyr. We selected a contact mode in the
PHOEBE code based on the classification given to both systems in the catalogs
and the typical shape of their light curves. The assumed gravity-darkening
coefficients and bolometric albedo in this study are g, = g, = 0.32 (Lucy 1967)
and A, = A, = 0.5 (Rucinski 1969), respectively. A stellar atmosphere model
was applied using the Castelli & Kurucz (2004) method, and limb-darkening
coefficients were determined by PHOEBE.

We adopted the Gaia DR3 reported temperature of 5386 K for the hotter com-
ponent of V1961 Cyg as an initial value based on the light curve morphology.
TESS reported a temperature for V1961 Cyg of 5157 4 224 K. For the V0890
Lyr system, we set the effective temperature provided by the TESS database
(6876 K) for the hotter component. Gaia DR3 did not report a temperature for
V0890 Lyr, while Gaia Data Release 2 (DR2) indicates a temperature of 6911 K.
We then used the depth difference between the primary and secondary minima
of the light curve to determine the temperature ratio of each system.

We determined the initial value of the mass ratio using photometric data by
performing a g-search with a step size of 0.1, ranging from 0.1 to 10. Figure 3
illustrates that each g-search curve has a clear minimum in the sum of squared
residuals. We then attempted to obtain a good initial theoretical fit to the
observational data.

The light curve of the V1961 Cyg contact binary system shows asymmetry in
peak brightness. The difference between the maxima of the light curve for
V1961 Cyg is 0.068 mag. This is a sign of the O’ Connell effect, for which one
explanation might be the existence of a starspot due to magnetic activity on
the star’ s surface (O’ Connell 1951). Accordingly, we added one cold starspot
to the hotter component of the V1961 Cyg system. The starspot position and
characteristics are described in Table 2, and it is visible in the three-dimensional
representation of V1961 Cyg in Figure 7.

We then used PHOEBE’ s optimization tool to improve the theoretical fit. Fi-
nally, we applied the MCMC approach, which is based on the emcee package
(Foreman-Mackey et al. 2013) in PHOEBE, to determine the values of the param-
eters together with their uncertainties (Hogg & Foreman-Mackey 2018). This
process considered a normal Gaussian distribution within the solution ranges for
inclination (7), mass ratio (g), fillout factor (f), effective temperatures for both
components (7} 5), and the luminosity of the primary star (I;). Four starspot
parameters were also included for the V1961 Cyg system in the MCMC process.
The MCMC approach was employed with 96 walkers and 1500 iterations for
V1961 Cyg, and 96 walkers and 1000 iterations for V0890 Lyr.

The photometric light curve solution results are listed in Table 2, and the corner
plots produced by the MCMC modeling for each system are shown in Figures
4 and 5. The observational and synthetic light curves for the V1961 Cyg and
V0890 Lyr systems are displayed in Figure 6.
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5. Absolute Parameters

The empirical relationship between the semimajor axis (a) and orbital period (P)
from the Poro et al. (2024a) study was utilized as the foundation for estimating
the absolute parameters of each target system (Equation 3):

a(Ry) = 3.804 x P¥3 (3)

We adopted the orbital periods of the systems as 0.28601330(13) days for V1961
Cyg and 0.3884144(4) days for V0890 Lyr. Using these values, we computed
a from Equation (3). Equation (4) was used to estimate the radii of the stars
based on the r values resulting from the light curve solutions and the
value of a:

mean(h,c)

R(h,c) = Tmcan(h,c) X a (4)

The effective temperature of each component was determined from the light
curve solutions. Considering blackbody emission, we computed the luminosity
L, ¢)(Lg) from the radius of each component and its effective temperature using
Equation (5):

2 4

R T,
(hse) (hse)
(he) R, T,

The mass ratio and Kepler’ s third law were used to estimate each component’
s mass. The stellar masses were computed using Equations (6) and (7):

Mtot
= ot (g

1+4+¢ (6)
M,=M,,—M, (7)

h

where M, is the total mass derived from the orbital period and semimajor axis.
Next, the surface gravity of each star was determined using its mass and radius
via Equation (8):

GM, )

Y(h,e) = W (8)

Finally, using the Pogson (1856) relation, we computed the absolute bolometric
magnitudes (Myq(p, ) of each component (Equation 9):

M =M, . —251 Line) 9
bol(h,c) — “bole -0 108, I 9)
o
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We adopted the solar bolometric magnitude value reported in the Torres (2010)
study, which is My, = 4.73 mag. Table 3 lists the values of the estimated
absolute parameters. The uncertainties of each absolute parameter in this study
were computed using the uncertainties from the a-P relationship and the light

curve solution parameters (Tyean(n,c)s L(n,c) and ).

6. Discussion and Conclusion

We employed ground-based photometric observations to investigate two W UMa-
type contact binary systems. V1961 Cyg and V0890 Lyr were observed during
five nights in 2023 at an observatory in France. We extracted four primary and
secondary times of minima from our data for both target systems and presented
new ephemerides.

The first light curve analysis of these systems was performed using PHOEBE
and MCMC. We used the g-search method on photometric data to determine
the initial mass ratio. The final parameters and uncertainties were obtained
after performing the MCMC process. The companion temperature differences
are 287 K and 238 K for V1961 Cyg and V0890 Lyr, respectively. The spectral
types of stars in V1961 Cyg and V0890 Lyr were determined to be G8-K1 and
F1-F2, respectively, based on the Eker et al. (2018) and Cox (2015) studies.

We used a new method to examine the mass ratios resulting from our light curve
solutions. Kouzuma (2023) presented a method for estimating the photometric
mass ratio of overcontact binaries using derivatives of the light curve. This
method can be applied to most overcontact systems and is based on derivation
at various orders of the photometric light curve. The light curve should show
at least two maxima after derivation. A parameter named W is obtained after
the third-order derivative, and according to Kouzuma (2023), there is a strong
relationship between W and q. We applied this method to V1961 Cyg and
V0890 Lyr, obtaining mass ratios of 1/¢ = 0.681(72) and 1/q = 0.268(43),
respectively. We found close agreement with our light curve analysis results,
with discrepancies of Ag = 0.023 and Ag = 0.003 for V1961 Cyg and V0890
Lyr, respectively. Figure 8 shows the derivative process of the light curves.

The absolute parameters were estimated using the relationship between the
semimajor axis and the orbital period. Based on these estimated absolute pa-
rameters, we displayed the evolutionary state of the target systems on Mass-
Luminosity (M-L) and Mass-Radius (M-R) diagrams. The theoretical Zero-Age
Main Sequence (ZAMS) and Terminal-Age Main Sequence (TAMS) lines from
Girardi et al. (2000) are also shown in the M-L and M-R diagrams (Figure 9).
In these diagrams, the hotter star of V1961 Cyg is near the TAMS line, whereas
for V0890 Lyr it is above the TAMS. The cooler star is located between ZAMS
and TAMS for both target systems.

The orbital angular momentum (.J,) was computed for V1961 Cyg and V0890
Lyr to be log J, = 51.56 4 0.20 and log J, = 51.56 £ 0.17, respectively, based on
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the orbital period, mass ratio, and total mass of the systems. We estimated J,
using Equation (10) from the Eker et al. (2006) study:

M, M
Jy = Mhi GM,.a(l —e2) (10)
tot

The log M, -log J, diagram (Figure 10) shows the systems’ positions and indi-
cates that both are located in the region of contact binary systems.

In the literature, there are studies about the empirical relationship between
the mass ratio (¢) and the luminosity ratio (L,,;,) for contact binary systems.
We have listed some of these relationships in Table 4. We updated the g-L,,;,
relationship based on a carefully selected sample. We chose our sample from the
Latkovi¢ et al. (2021) study, selecting only studies that had or used spectroscopic
results. We excluded from the sample any results that contained a third light
component (I3), or if I3 was present in subsequent studies of that system. We
also excluded studies that used low-resolution spectroscopic observations. The
systems used for this sample include both A- and W-subtypes. As a result, we
compiled a sample of 88 contact binary systems, which are listed in Table 5.

We performed a linear fit to the data points, yielding the following equation:

é — 0.78(2) x +0.15(1) (1)

ratio

The mass ratio and luminosity ratio in Equation (11) are expressed as 1/q
and 1/L,,.;0, respectively, a form that has not been utilized in previous studies
(Table 4). This formulation appears to produce less scatter in the data points
compared to other samples. Additionally, other literature samples contain mass
ratios from both photometric and spectroscopic data. The positions of V1961
Cyg and V0890 Lyr in Figure 11 are in agreement with other contact systems
that have been analyzed with spectroscopic data.

We used the relationship from the Sun et al. (2020) study to determine that the
target systems are partially or totally eclipsing. V1961 Cyg, with ¢ = 88.57°, is
a total eclipsing system, while V0890 Lyr, with ¢ = 67.00°, is a partial eclipsing
system. Based on the discussion in Terrell & Wilson (2005), systems with total
and partial eclipses and high orbital inclinations can yield reliable photometric
mass ratios. Additionally, according to the mass ratios from the light curve
solutions in the MCMC process, the mass ratio results using the Kouzuma
(2023) method, and their position in the empirical ¢-L relationship, the
obtained mass ratios are reliable for both systems.

ratio

According to the mass ratios, fillout factors, and orbital inclinations of the target
systems, we can conclude that V1961 Cyg and V0890 Lyr are contact binary
systems. Based on the fillout factor, there are three categories: deep (f > 50%),
medium (25% < f < 50%), and shallow (f < 25%) eclipsing contact binary
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stars (Li et al. 2022). Therefore, V1961 Cyg is a shallow system, and V0890 Lyr
is a medium system. Additionally, contact binaries are divided into A- and W-
subtypes (Binnendijk 1970). In the A-subtype, the more massive component is
the hotter star, while in the W-subtype, the less massive component has a higher
effective temperature. Based on the results of the light curve solutions and the
estimated absolute parameters, both systems are categorized as W-subtype since
the less massive components have higher effective temperatures.
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