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Abstract: Photometric study and light curve modeling for
the systems V0876 Lyr, V3660 Oph, and V0988 Mon were
carried out by means of their first charge-coupled device
observations and the Wilson–Devinney code based on
model atmospheres by Kurucz (1993. In: Milone, E. (Ed.),
Light curve modeling of eclipsing binary stars. New York:
Springer-Verlag. p. 93). The accepted models reveal phy-
sical parameters that show that all the primary compo-
nents of the studied systems are more massive and hotter
than the secondary ones. The systems V0876 Lyr and V0988
Mon were classified as over contact, with mass ratios of
0.8940 and 0.3904, respectively, while the system V366Oph
was classified as detached, with a mass ratio of 0.1181. The
evolutionary state of the system components was investi-
gated, and their spectral types were adopted. Both compo-
nents of the system V0876 Lyr and secondary components
of the systems V3660 Oph and V0988 Mon show lower radii
and luminosities than expected for Zero Age Main Sequence
(ZAMS). Secondary components of the system, V3660 Oph and
V0988 Mon, deviated from ZAMS and the Terminal-age Main
Sequence (TAMS) with a higher radius and luminosity than
expected for ZAMS and TAMS.

Keywords: eclipsing binaries, W UMa, detached stars, light-
curve modeling, evolutionary state

1 Introduction

Physical properties and geometrical configurations are the
main factors used to classify eclipsing binary systems.
Roche geometry specifies the binary component shapes

according to the degree of filling of the Roche lobe. A
unique photometric and spectroscopic observation of the
eclipsing binary is the target of light curve modeling and
orbital solutions, which reveal essential characteristics of
stars, such as their masses, radii, and luminosities. The
stellar structure and evolutionary status of eclipsing binary
components can be studied by means of the estimated phy-
sical parameters from their light curve modeling and orbital
solutions. Since the systems V0876 Lyr, V3660 Oph, and
V0988 Mon were discovered some years ago, the current
study is the first orbital solution for them, which is consid-
ered an important source of their fundamental stellar prop-
erties and information. Based on the degree of filling the
Roche lobe, the morphologies of the binary components are
defined and classified according to Roche geometry (Prša
2019). So their classifications are important, and their first
physical and absolute parameters are needed to be esti-
mated in order to investigate the system evolution state
(Yilmaz et al., 2017).

The structure of the study is as follows: Section 2 deals
with the basic information about the studied systems and
the light minima derived from their observations; Section 3
is devoted to the light curve modeling. In Section 4, we
discuss the evolutionary status of the studied systems. A
summary of the results and conclusion are outlined in
Section 5.

2 Observations

The system V0876 Lyr (P = 0d.39781) was reported as a W
UMa system on May 12, 2015, in the field of view of KIC
2835289 by Gazeas (2017). The first complete light curves
were observed in visual and red filters (Bessel) pass bands.
The ephemeris employed by Gazeas (2017), represented by
Eq. (1) in Table 1, was utilized to determine each phase of all
observational data. The variability of the systems V3660 Oph
(P = 0d.68932) and V0988 Mon (P = 0d.44408) was discovered
for the first time by Liakos and Niarchos (2010, 2011) during
their observations for the systems V456 Oph and HO Mon,
respectively. The systems V3660 Oph and V0988 Mon were
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classified as Beta Lyrae types and W UMa types, respec-
tively. Observations of the system V3660 Oph were carried
out from 2007 to 2009 in BI (Bessel) pass bands; the stars GSC
1025-01618 and GSC 1025-00331 were used as comparison and
check stars, respectively. The system V0988Monwas observed
during January–March 2011 using the stars USNO-A2.0 0900-
04404074 and USNO-A2.0 0900-04404538 as comparison and
check stars, respectively. All the charge-coupled device (CCD)
observations of the three systems were carried out at the
Gerostathopoulion Observatory of the University of Athens
using a 40 cm Cassegrain telescope equipped with ST-8XMEi
and ST-10XME CCD cameras and a BVRI Bessell photometric
filters. The second and third equations listed in Table 1, which
represented the ephemeris adopted by Liakos and Niarchos
(2010, 2011), were used to calculate the individual phases of all
observational data of the systems V3660 Oph and V0988 Mon,
respectively. We searched for additional light curves from
other sources to add to our photometric study, but we could
not, because most of the databases did not include the studied

systems in their programs, and the existing data are not
suitable for photometric investigations. Using the Minima
V2.3 Package (Nelson 2009), we determined the times of
minima of eclipsing binary light curves. The program uses
different algorithms, depending on the accuracy of the
observation. As the observed light curves of the studied
systems show sparseness around the minima and maxima,
we applied the Fourier fit algorithm of the Minima V2.3
Package (Nelson 2009), which fits a five-term Fourier series
(of cosine terms) to the data; the time of minima is one of the
parameters. A total of 19 new times of minima were esti-
mated from the observed light curves of the studied systems.
Table 2 shows the newminima for the systems together with
their epochs (E) and observed Julian date-calculated Julian
date (O-C), which are computed using ephemeris listed in
Table 1 for each system. Figure 1a–c displays the observed
light curves for the systems V0876 Lyr, V3660 Oph, and
V0988 Mon, respectively.

Table 1: Ephemeris equations for studied systems

Star name Ephemeris

V0876 Lyr Min I = HJD 2457907.5396 + 0.39781 E
V3660 Oph Min I = HJD 2455014.5046 + 0.68932 E
V0988 Mon Min I = HJD 2455603.4260 + 0.44408 E

Table 2: Light minima for the systems V0876 Lyr (Gazeas 2017), V3660
Oph (Liakos and Niarchos 2010), and V0988 Mon (Liakos and
Niarchos 2011)

Star name Heliocentric
Julian Date

Error Min Filter E (O-C)

V0876 Lyr 2457155.4836 0.0003 I V −1,887 −0.0949
2457155.4844 0.0002 I R −1,887 −0.0951
2457156.4800 0.0005 II V −1884.5 −0.0958
2457156.48001 0.0003 II R −1884.5 −0.0958
2457157.4700 0.0003 I V −1,882 −0.1020
2457157.4719 0.0002 I R −1,882 −0.1001
2457158.4669 0.0004 II V −1879.5 −0.1014
2457158.4658 0.0004 II R −1879.5 −0.1025
2457159.4581 0.0004 I V −1,877 −0.1064
2457159.4594 0.0003 I R −1,877 −0.1051

V3660 Oph 2455013.4807 0.0130 II B −1.5 0.0101
2455013.4738 0.0110 II I −1.5 0.0032
2455014.5242 0.0060 I B 0 0.0196
2455014.5085 0.0059 I I 0 0.0039
2455015.5435 0.0132 II I 1.5 0.0049

V0988 Mon 2455630.3165 0.0275 II V 60.5 0.0237
2455630.2990 0.0016 II I 60.5 0.0062
2455632.2912 0.0006 I V 65 0.0000
2455632.2962 0.0007 I I 65 0.0050
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Figure 1: Observed light curves for the systems. (a) V0876 Lyr, (b) V3660
Oph, and (c) V0988 Mon.
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To comprehend the structure evolution of W UMa sys-
tems, it is essential to examine both the light curve varia-
tion and the orbital period of these systems. A relationship

between orbital period changes and light curve variations
was predicted during the same cycle (Applegate 1992). A
Fourier series fit was applied to the observed light curves

Table 3: Light curve characteristic for the systems

Star name Filter Dmax (mag) Dmin (mag) Ap (mag) As (mag)

V0876 Lyr V 0.0183 ± 0.0008 0.0470 ± 0.0019 0.5367 ± 0.0219 0.4898 ± 0.0200
R −0.0053 ± 0.0002 0.0548 ± 0.0022 0.5169 ± 0.0211 0.4621 ± 0.0189

V3660 Oph B 0.0011 ± 0.0001 0.0313 ± 0.0013 0.0785 ± 0.0032 0.0472 ± 0.0019
I 0.0019 ± 0.0001 0.0422 ± 0.0017 0.0776 ± 0.0032 0.0354 ± 0.0015

V0988 Mon V 0.0059 ± 0.0002 0.0482 ± 0.0020 0.2736 ± 0.0112 0.2255 ± 0.0092
I −0.0138 ± 0.0006 0.0279 ± 0.0011 0.2547 ± 0.0103 0.2269 ± 0.0093

Figure 2: q-search of the binary systems: (a) V0876 Lyr. (b) V3660 Oph. (c) V0988 Mon.
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to estimate the light level difference in magnitude between
both maxima Dmax (Max I–Max II) and minima Dmin (Min
I–Min II) of the observed light curves of the studied systems.
The amplitudes (depths) of the primary Ap and secondary As

minima for each observed light curve of the studied systems
are also calculated and listed in Table 3, where

= −D MAG MAX I MAG MAX IImax ( ) ( )

= − )D MAG MIN I MAG MIN IImin ( ) (

= −A MAG MIN I MAG MAX Ip ( ) ( )

= ) −A MAG MIN II MAG MAX Is ( ( )

The estimated values shown in Table 3 can be used in
conjunction with any future measurements to track the
system’s light curve variation and study how predictions
by Applegate (1992) can be applied to the studied systems.

3 Photometric solution

The two primary modules of the Wilson–Devinney (WD)
binary star modeling algorithm provide a comprehensive
package for simulating binary stars and their eclipses
(Wilson et al., 2020). The light curve generation module
generates synthetic light and radial velocity curves based
on the entered initial five main parameters (temperature
of system components T1, T2, orbit inclination i, mass ratio

q, and surface potentials Ω1, Ω2) for the studied system to
get the best fit; the differential corrections module handles
differential corrections, performing final parameter adjust-
ments of synthetic light curves (at minimum residuals), velo-
city curves, and eclipse timings by the least squares criterion.
WD offers options for detailed reflection and nonlinear (loga-
rithmic law) limb darkening, adjustment of spot parameters,
and an optional provision for spots to drift over the surface.
The temperatures of both eclipsing binaries components can
likewise be estimated via absolute flux solutions under sui-
table circumstances. Photometric analysis on the observed
light curves of the systems under study was performed using
the WD binary star modeling code (Wilson et al., 2020), which
is based on model atmospheres by Kurucz (1993). The color
index (B-V) for the systems V3660 Oph and V0988 Mon and
(J-H) for the system V0876 Lyr found in SIMBAD (http://
simbad.u-strasbg.fr/simbad/) were utilized to calculate the
temperature of the primary star (T1). To determine the rele-
vant temperature for each color index, the temperature rela-
tion of Tokunaga’s (2000) color index was applied. We exam-
ined each individual observation of the observed light curves
in each band. For the convective envelopes (Teff < 7,500 K),
gravity darkening (A1, A2) and bolometric albedo (g1, g2) expo-
nents were used; therefore, we adopted A1 = A2 = 0.5 (Rucinski
1969) and g1 = g2 = 0.32 (Lucy 1967). The bolometric limb dar-
kening was adopted using Van Hamme’s (1993) tables and the

Table 4: Orbital solution parameters for the systems V0876 Lyr, V3660 Oph, and V0988 Mon

Parameter V0876 Lyr V3660 Oph V0988 Mon

i (°) 73.42 ± 0.22 51.64 ± 0.25 54.50 ± 0.67
g1 = g2 0.32 0.32 0.32
A1 = A2 0.5 0.5 0.5
q (M2/M1) 0.8940 ± 0.0046 0.1181 ± 0.0008 0.3904 ± 0.0063
Ω1 Ω1 = Ω2 = 3.4166 ±

0.0083
2.1017 ± 0.0050 Ω1 = Ω2 = 2.5161 ± 0.0136

Ω2 2.1052 ± 0.0064
T1 (K) 5372±4 7125 ± 15 5185 ± 17
T2 (K) 5187±5 6316 ± 35 5035 ± 22
Ωin 3.5756 2.0131 2.6584
Ωout 3.0809 1.9364 2.4198
r1 pole 0.3872 ± 0.0035 0.5010 ± 0.0037 0.4626 ± 0.0109
r1 side 0.4116 ± 0.0046 0.5461 ± 0.0054 0.5020 ± 0.0157
r1 back 0.4546 ± 0.0078 0.5605 ± 0.0061 0.5412 ± 0.0231
r2 pole 0.3686 ± 0.0037 0.1739 0.3108 ± 0.0162
r2 side 0.3908 ± 0.0048 0.1784 0.3292 ± 0.0209
r2 back 0.4358 ± 0.0085 0.1929 0.3933 ± 0.0528
Spot A of star 2
Spot latitude 90 ± 3.67
Spot longitude 190 ± 7.76
Spot radius 43.45 ± 1.152
Temp. factor 0.6921 ± 0.0023
∑ (O-C)2 0.07652 0.00231 0.24766
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logarithmic law for extinction coefficients. According to fill
factor (f), which is defined as 0 < f < 1, f = 0, and f < 0,
respectively, the eclipsing binaries are categorized as contact,
semi-detached, and detached binary (Vinod Prasad et al., 2013).
The formula for the fill-out factor (f) is f = (Ωin − Ω1,2)/(Ωin −

Ωout), where Ω1,2 denotes the surface potentials of stars 1 (pri-
mary) and 2 (secondary), respectively, while Ωin and Ωout are
the inner and outer Lagrangian surface potentials. The surface
potentials of the primary and secondary binaries in contact
binaries are identical to the surface potential (Ω) of the
common envelope for the binary system, meaning that Ω1 =

Ω2 = Ω. If the primary and secondary components of semi-
detached binaries fill their Roche lobe, then Ω1 = Ωin and Ω2

= Ωin, respectively, for detached binaries, Ω1,2 > Ωin.
Adjustable parameters through the light curve solu-

tion are: the temperature of the primary component (T1)
and secondary one (T2), the orbital inclination (i), the mass
ratio (q), the surface potentials (Ω1, Ω2), for Mode 3 in WD
code, Ω1 = Ω2 = Ω, and the monochromatic luminosity of the
primary star (L1). The relative brightness of the secondary
star was calculated from stellar atmosphere models. Because
the studied systems have no reported radial velocity curves
and do not have previous photometric studies, the q-search
method can be used to determine the ideal starting points
for the mass ratios (q) for the systems under study. This
technique, based on a series of assumed mass ratios (q)
with values using the adopted mode for each system, was
used to accomplish the test solutions. The sum of the
squared deviations for each value of assumed q for all sys-
tems under consideration Σ(O-C)2 is plotted in Figure 2a–c
for each value of q for which a convergent solution has been
achieved. The modeling procedure makes use of the com-
puted minima of Σ(O-C)2 for the initial values of q for each
system.

The studied systems were discovered some years ago,
and the used observations are the only CCD ground-based
observations. Therefore, we searched on some databases
(Kepler, TESS, ZTF, and Gaia Satellite DR3) to download any
complete light curves to compare the results from many
sources. Some of the databases included incomplete light
curves with missing parts around the phases of minimum
and maximum, which are not suitable for photometric ana-
lysis; in addition, the studied systems are not included in the
observation area of some of the databases.

A set of photometric parameters was downloaded
from Gaia satellite DR3 data (Gaia Collaboration et al.,
2016, 2023) for the studied systems, such as apparent mag-
nitudes in different passbands, color indexes to calculate
the distances to each star, and component temperatures,
which can be used as initial values in constructing the
models and estimating physical and absolute parameters.

The light curves of the systems V0876 Lyr and V0988
Mon were used in the WD code’s Mode 3 (over contact
mode), whereas those for the system V3660 Oph was
used in the WD code's Mode 2 (detached).

The parameters that best describe the observed light
curves were estimated through trials. After multiple itera-
tions, the best photometric fitting was attained, demon-
strating that all systems under study have hotter primary
components than secondary ones. The constructed model
for the system V3660 Oph includes a cool spot located on
the surface of the secondary component. The parameters
stated in Table 4 are revealed by the acceptable models,
while Figure 3a–c shows the observed light curves of the
systems alongside with the synthetic ones. The spectral
types of system components are adopted and listed in
Table 4 in accordance with the established models (Popper
1980).
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Figure 3: Observed and synthetic light curves for the systems: (a) V0876
Lyr. (b) V3660 Oph. (c) V0988 Mon.
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Figure 4: Geometric structure of the binary systems: (a) V0876 Lyr. (b) V3660 Oph. (c) V0988 Mon.
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Binnendijk (1970) subcategorizes the W UMa systems
into A-type and W-type, which can be classified according
to their spectral types as A9-F8 (A-type) and F7-M5 (W-type)
groups. Eaton (1983) suggested that the presence (W-type) or
absence (A-type) of magnetic spots can be used to distin-
guish between the two types of W UMa systems. According
to the adopted spectral types, the systems V0876 Lyr and
V0988 Mon can be classified as W UMa systems of W-type.
The relation r1 + r2 = 0.75 should be met for contact systems,
according to Kopal (1959); hence, using the mean values of r1
and r2 in Table 4 for the systems V0876 Lyr and V0988 Mon,

we have r1 + r2 = 0.8162 for the system V0876 Lyr and 0.8463
for the system V0988 Mon. Based on the calculated values,
the systems V0876 Lyr and V0988 Mon are contact binary
with degrees of overcontact of f = 32.17 and 59.64%, respec-
tively, and their components overfill their respective Roche
lobes. A three-dimensional geometrical structure based on
the computed parameters of the systems shown in Figure 4
was created using the software Binary Maker 3.03 (Brad-
street and Steelman 2002).

The distance (using the equation d = 10(m−Mv+5)/5) was
calculated using the photometric and absolute properties of

Figure 5: Positions of the components (S1, S2) of the systems V0876 Lyr, V3660 Oph, and V0988 Mon on the theoretical: (a) M–L diagram and (b) M–R
diagram of Girardi et al., (2000) model.

Table 5: Absolute physical parameters for the systems V0876 Lyr, V3660 Oph, and V0988 Mon

Element Star name

V0876 Lyr V3660 Oph V0988 Mon

M1 (M⊙) 1.3300 ± 0.0543 2.1870 ± 0.0893 1.4660 ± 0.0599
M2 (M⊙) 1.1900 ± 0.0486 0.2582 ± 0.0105 0.5722 ± 0.0234
R1 (R⊙) 0.9763 ± 0.0399 1.6345 ± 0.0667 1.1742 ± 0.0479
R2 (R⊙) 0.9309 ± 0.0380 0.5543 ± 0.0226 0.8057 ± 0.0329
T1 (T⊙) 0.9297 ± 0.0380 1.2331 ± 0.0503 0.8974 ± 0.0366
T2 (T⊙) 0.8977 ± 0.0367 1.0931 ± 0.0446 0.8714 ± 0.0356
L1 (L⊙) 0.7112 ± 0.0290 6.1688 ± 0.2518 0.8928 ± 0.0365
L2 (L⊙) 0.5620 ± 0.0229 0.4381 ± 0.0179 0.3738 ± 0.0153
Mbol_1 5.1200 ± 0.2090 2.7745 ± 0.1133 4.8731 ± 0.1989
Mbol_2 5.3756 ± 0.2195 5.6461 ± 0.2305 5.8184 ± 0.2375
MV_1 5.4063 ± 0.2207 2.8613 ± 0.1168 5.2277 ± 0.2134
MV_2 5.7294 ± 0.2339 5.7496 ± 0.2347 6.2382 ± 0.2547
Sp. Type (G7)1, (K0)2 (F1)1, (F7)2 (K0)1, (K1)2

Distance (pc) 1186 ± 48.42 757 ± 30.90 1180 ± 48.17
Gaia distance_GSP-Phot (pc) 2492 ± 101.74 1235 ± 50.42 980 ± 40.01
Gaia Parallax (mas) 0.3834 ± 0.0282 0.7623 ± 0.0162 0.1914 ± 0.0899

Note: 1 and 2 refer to primary and secondary components, respectively.
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each system, wherem andMv are the apparent and absolute
magnitudes, respectively. Current distance equation is a
function of the absolute magnitude (Mv), which is affected
by estimated radius and luminosity by the adopted models
(see Equations in Section 4). As radius and luminosity for
both components of the system V876 Lyr (S1, S2) and sec-
ondary components (S2) of the system V366 Oph are lower
than expected for Zero Age Main Sequence (ZAMS) stars, as
seen in Figure 5a and b (Section 4), their estimated distances
showed a reasonable difference than that calculated for the
same systems by Gaia satellite DR3, while a comparable
distance value to Gaia satellite DR3 for the system V988
Mon is estimated, and the primary component of this system
showed a good fit for the luminosity and radius for ZAMS
(Table 5). Assuming the Gaia distance, the luminosities
would be lower by 34% and 35.8% for the systems V876
Lyr and V366 Oph, respectively, while for the system V988
Mon, it is 8.8% of the values in Table 5. Lower or higher
radius and luminosity than expected for ZAMS can be attrib-
uted to an energy transfer from the primary to the sec-
ondary components of the systems through the shared
convective envelope, as proposed by Lucy (1973), also the
studied systems are detached and over contact systems,
where the secondary star can temporarily be far out of
thermal equilibrium, which may explain why it is so under
luminous for its mass. Also calculations based on ground-
based observations and our estimation of the mean system
color index and interstellar reddening can be a little bit
inaccurate because we do not know the phase at which
the measurements were made, so we cannot be sure that
they refer to the maximum light.

4 Evolutionary state of the systems

Physical parameter determinations for eclipsing binary
systems are based on spectroscopic observation (radial
velocity curves) of these systems. Star evolution can be
inferred from fundamental star properties, including mass,
radius, brightness, and chemical composition. For more pre-
cise understanding of evolution, stars with well-defined prop-
erties are particularly significant. In the present study, we
used empirical parameter relationships between mass and
orbital period by Latkovic et al., (2021) for estimating the
mass of the primary components of the more massive star
in the studied systems. Using the mass ratio from the light
curve solution, we obtained the mass of the other companion
star. Then, we computed the radius ( ⊙R ) by employing
Kepler’s third law. We estimated the radius of the stars in
the system from the equation R = a × r (mean). The known
equation L = 4πR2σT4 is also used to determine each star’s

luminosity while having its own effective temperature and
radius. Mbol_1,2 can be calculated by − ⊙M Mbol bol = −2.5 log
(L L/ sun), where ⊙Mbol is taken as 4.73 magnitude (Torres
2010). We extracted the Bolometric Correction (BC) from
the Flower (1996) study tables and utilized the well-known
equation MV = Mbol−BC to compute MV1,2.

The computed physical parameters show that in all
systems under study, the primary components have a
greater mass than the secondary ones.

We looked into the evolutionary status of the studied
systems using the physical parametersmentioned in Table 5.
According to the evolutionary tracks calculated by Girardi
et al., (2000) for both Zero Age Main Sequence (ZAMS) and
Terminal-age Main Sequence (TAMS) with metallicity Z =

0.019, we plotted the components of the systems on the
mass-luminosity (M–L) and mass-radius (M–R) relations
along with the systems’ components in Figure 5a and b.
Both components of the system V876 Lyr (S1, S2) and sec-
ondary components (S2) of the systems V366 Oph and V988
Mon show lower radius and luminosity than expected for
ZAMS. Secondary components of the system, V366 Oph and
V988 Mon, deviated from ZAMS and TAMS with a higher
radius and luminosity than expected for ZAMS and TAMS.
According to Lucy (1973), energy transfer from the primary
to the secondary component of the system V0988 Mon
occurs through the shared convective envelope, which clari-
fies the differences in the secondary components’ placements
on the mass-radius (M–R) and mass-luminosity (M–L)

Figure 6: Positions of the components (S1, S2) of the systems V0876 Lyr,
V3660 Oph, and V0988 Mon on the Teff–L diagram of Ekström et al., (2012).
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relations. The non-rotating evolutionary models of Ekström
et al., (2012) were used to assign the studied systems’ compo-
nents to the (Teff–L) diagram, which is depicted in Figure 6. At
a solar metallicity of z = 0.014, all of the systems’ components
are shown to be on the expected tracks in the diagram. Figure
7 shows the mass-effective temperature (M–Teff) relation for
intermediate and low mass stars, according to Malkov
(2007). All the primary components of the systems under
study, as well as the secondary component of system V0876
Lyr, indicated a good fit; however, there is a deviation for the
secondary components of systems V0988 Mon and V3660
Oph. As shown in Figure 7, it is obvious that the same com-
ponents behave in a similar way in terms of mass-luminosity
andmass-radius relationships, as in Figure 5. As suggested by
Lucy (1973), we explained this pattern as an energy transfer
from the primary to the secondary components of the sys-
tems via the common convective envelope.

5 Discussion and conclusion

Photometric study and evolutionary state for the systems
V0876 Lyr, V3660 Oph, and V0988 Mon were carried out
using their first observed complete light curves. A total of
19 new times of minima were estimated from the observed
light curves of the studied systems using a five-term Fourier
series (of cosine terms) method. Orbital solution was calcu-
lated, absolute and physical parameters were estimated
based on the accepted models for all systems. Primary

components in all systems are hotter and more massive
than the secondary ones. The accepted model for the system
V3660 Oph includes a cool spot located on the surface of the
secondary component. The spectral type for each system
component was adopted based on the estimated absolute para-
meters. Uncertainties play amain role in constructing acceptable
models, which reveal absolute parameters describing the
observed light curves. In WD code, through the iteration pro-
cess for estimating each parameter, the suggested correction
in the parameter by the program should be less than the
standard deviation to accept the parameter value; other-
wise, we repeat the calculation. Uncertainties are affected
in WD code by the efficiency of the input data (smooth or
scatter data), and there is a condition in the program that
should be marked if the light curves have scattering points
to take into account during the run process. The evolu-
tionary state of the studied systems has been investigated
to explore their behavior in M–R and M–L relations.
Components of the system V876 Lyr (S1, S2) and secondary
components (S2) of the systems V366 Oph and V988 Mon
show lower radius and luminosity than expected for
ZAMS. Secondary components of the system, V366 Oph and
V988 Mon, deviated from ZAMS and TAMS with a higher
radius and luminosity than expected for ZAMS and TAMS.
The same components behave similarly in terms of the mas-
s–effective temperature (M–Teff) relation for intermediate
and low mass stars. Lower or higher radius and luminosity,
than expected for ZAMS and TAMS, can be attributed to an
energy transfer from the primary to the secondary compo-
nents of the systems through the shared convective envelope,
as proposed by Lucy (1973), also the studied systems are
detached and over contact systems, where the secondary
star can temporarily be far out of thermal equilibrium, which
may explain why it is so under luminous for its mass.

As the studied systems do not have any historical data
or previous studies, we consider the results presented in this
research to be preliminary. Spectroscopic observations of
the studied systems are needed to compute precise mass
ratios and, hence, follow their evolutionary status carefully.
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