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Abstract. In this study we performed the first detailed photometric and period
analysis of the recently discovered eclipsing binary star V2783 Ori. The analysis
of the light curve has shown that the system is in a detached configuration,
with the orbital eccentricity e = 0.274 ± 0.008. The photometric mass ratio of
V2783 Ori determined from the light curve analysis is q = 0.734 ± 0.015. The
absolute parameters of the system were obtained as a result of the light curve
solution. Absolute parameters were found as follows: masses M 1 = 1.80 ± 0.01
M�, M 2 = 1.32 ± 0.01 M�, radii R1 = 2.19 ± 0.10 R�, R2 = 1.91 ± 0.10
R�, temperatures T1 = 8325 ± 100 K and T2 = 8300 ± 100 K. A comparison
of these parameters with theoretical stellar models show that the secondary
component is located inside the main-sequence band and still close to ZAMS,
while the primary component is located in the middle of ZAMS-TAMS limits.
The distance of the system determined from the absolute parameters, d = 1064
± 150 pc, takes into account the interstellar reddening.
The (O–C) diagram was discussed considering all reliable minima times found
in the literature and new values for the parameters of the apsidal motion and
light-time effect were found. The apsidal motion rate of V2783 Ori is ω̇ =
0.0063 ± 0.0017 deg cycle−1, and it corresponds to an apsidal motion period
of U = 656 ± 103 yr. The third body orbital period is 10 ± 2 yr, its minimal
mass is 0.82 ± 0.11 M�.

Key words: photometric — stars: variables: binaries: eclipsing — stars: indi-
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1. Introduction

It is well known that in close binary systems of stars with eccentric orbits, the
tidal and rotational distortions of the components from spherical symmetry lead
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to secular changes in the position of the periastron.

Apsidal motion is the rotation of the major orbital axis of an eccentric orbital
binary star in space. It is primarily caused by the effect of the tidal bulge due
to the companion and the rotational distortions of the stars. Besides these con-
tributions to the apsidal motion, there is also a general relativistic contribution.
This contribution is often small.

Apsidal motion studies on the eclipsing binaries allow the determination
of the observational internal constants of stars and the observational tests of
General Relativity theory (Giménez 1985; Claret & Giménez 1993). The orbital
elements of the binary stars with eccentric orbits have been used to constrain the
timescales of synchronization and circularization predicted by the tidal theories
(Zahn 2008). These studies depend on the number of such systems and the
precision of their absolute and orbital parameters.

The star system V2783 Ori (GSC 0143-0226, HD 252984, P = 4 .21618, V
= 10m.39 ) is identified as a new eclipsing binary by Otero et al. (2004). They
determined its period as 4.21618 days. The spectral type of this system was
classified as A0 (according to Otero et al. (2004)). The ASAS light curve of
V2783 Ori indicates that the orbit is eccentric, with the secondary minimum
occurring at phase 0.54. The apsidal motion in the system was calculated by
Bulut et al. (2017) who obtained its period to be U = 415 yr and the orbital
eccentricity e = 0.25. The Gaia EDR3 gives a parallax of 0.876 ± 0.035 mas for
the system, which means a distance of 1141 ± 46 pc (Gaia Collaboration et al.
2021).

There has been no photometric and spectroscopic study for V2783 Ori until
now. In this paper, the detailed photometric and the orbital period study of
V2783 Ori is presented.

2. Observational data

V2783 Ori was named as ASAS 061057+0621.1 in the ASAS catalogue of vari-
able stars. We have taken from the ASAS-3 database (Pojmanski 2003) the
V photometric data of V2783 Ori observed between 2002, August, and 2009,
November. About 476 observations of the system were made during the survey,
of which 442 were recorded as being of good photometric quality; these data
were used in the analysis. The light curve of the system is plotted in Figure 1.
The phases are computed according to the following linear light elements given
by Otero et al. (2004):

HJD (Min I) = 2412946.750 + 4d.21618 × E. (1)
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3. Analysis of the light curves

For the analysis of the light curve of V2783 Ori we used the program PHOEBE
(version 0.31a), which was developed by Prša & Zwitter (2005). This software is
based on the Wilson-Devinney (W-D) method (Wilson & Devinney 1971). The
program computes the light curves as a function of the following main parame-
ters: orbital eccentricity (e), longitude of periastron (ω), orbital inclination (i),
surface temperature (T 1,2), dimensionless surface potentials (Ω1,2), mass ratio
(q = M 2/M 1), relative luminosities (L1,2), gravity darkening exponents (g1,2),
limb darkening coefficients (x 1,2) and bolometric albedos (A1,2).

The detached binary mode (in W-D mode 2) was used with several assump-
tions. Some parameters of components should be fixed during the light-curve
modeling. The corresponding linear limb-darkening coefficients were interpo-
lated for the square root law from van Hamme’s tables (van Hamme 1993).
The values of gravity-darkening exponents (g1,2 = 1.0) and bolometric albedo
coefficients (A1,2 = 1.0) were set at their suggested values for the radiative
atmospheres (Lucy 1968).

The magnitudes and color indices in the literature can be used to estimate
the mean effective temperature of the system for the combined light of the
system. The results were collected in Table 1. We used the color/temperature
calibrations of Casagrande et al. (2010) and Ramı́rez & Meléndez (2005) for the
dwarf stars. The weighted average of the seven estimates is 8325 K. This value
is adopted to be the mean of the effective temperature of the primary star in
the analyses.

Table 1. Photometric indices and inferred mean effective temperature of V2783 Ori.

Photometric Index Value T (K) References

Johnson V 10.39 ± 0.05 1
2MASS J 10.003 ± 0.024 2
2MASS H 10.008 ± 0.026 2
2MASS Ks 9.985 ± 0.016 2
Johnson B - V -0.04 ± 0.05 9210 ± 800 1
Johnson/2MASS V - J 0.387 ± 0.036 8254 ± 768 1, 2
Johnson/2MASS V - H 0.382 ± 0.039 8117 ± 829 1, 2
Johnson/2MASS V - Ks 0.387 ± 0.033 8343 ± 711 1, 2
2MASS J-Ks 0.018 ± 0.019 7750 ± 818 2

1: Høg et al. (2000), 2: Cutri et al. (2003)

As the spectroscopic value of the mass ratio is not known, we applied the
q-search method with a step of 0.1 with trials, to find sensible photometric



166 İ. Bulut and A.Bulut

estimates for the mass ratio. Figure 2 presents the sum of the squared residuals∑
(O−C)2 for the tested mass ratios (q). It can be seen that the smallest value

of squared residuals is achieved around q = 0.75. This value was used as the
initial value of the mass radio in differential-corrections.

Considering the calculated apsidal motion period given in Table 3, the total
change in the longitude of periastron during the observation time interval can
be neglected. Therefore we assumed ω̇ = 0.0 in the analyses.

The adjustable parameters are the temperature of secondary star (T 2), the
orbital inclination (i), the orbital eccentricity (e), the longitude of periastron
(ω), the surface potentials (Ω1,2), the relative luminosity of primary star (L1),
and the mass ratio (q). The results of the light curve solution can be found in
Table 2. For the parameters in the light curve fitting, the standard deviations of
the differential corrections supplied by the W-D program were used as an error.
The synthetic light curve and the observations are shown in Figure 1.

The analysis of the light curve suggests partial eclipses in both of the light
curve minima. The depths of the primary and secondary minima are 0.581
mag and 0.523 mag in V, respectively. The duration of the minima are also,
respectively, 4.84 hours for the primary and 9.29 hours for the secondary.

Table 2. Parameters of the light curves of V2783 Ori.

Parameter ASAS (V )

T (HJD) 24412949.828 ± 0.013
P (day) 4.216180 ± 0.000001
i (deg) 87.18 ± 0.09
e 0.274 ± 0.008
ω (deg) 70.28 ± 0.70
PSHIFT 0.0213 ± 0.0004
T 1 (K) 8325
T 2 (K) 8300 ± 57
Ω1 8.40 ± 0.11
Ω2 8.22 ± 0.15
q 0.734 ± 0.015
x 1 0.503
x 2 0.503
A1 = A2 1.0
g1 = g2 1.0
L1 (L1/LTotal) 0.59 ± 0.11
L2 (L2/LTotal) 0.41
rmean,1 0.136 ± 0.002
rmean,2 0.112 ± 0.002
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Figure 1. Light curves of V2783 Ori. The points are the individual observations. The

solid lines are the synthetic light curves based on the parameters in Table 2.

4. (O–C) analysis

The orbital period variation of V2783 Ori was studied by means of an (O–C)
diagram analysis. The minima times were taken from the modern database of the
(O–C) Gateway (http://var2.astro.cz/ocgate/) (Paschke & Brat 2006). A total
number of 25 photoelectric and CCD times of minimum light were collected,
including 15 primary and 10 secondary eclipses. Those compiled minimum times
spread over 18 years from 1999 to 2017. These minima times were used to study
(O–C) residuals of V2783 Ori. The (O–C) values were computed with the linear
ephemeris which was given in Eq.1.

The corresponding (O–C) curve is shown in Figure 3. It is clearly evident
that the (O-C) diagram of V2783 Ori is represented by a sinusoidal variation
superimposed on the apsidal motion effect. We assumed that the most likely
cause of the sinusoidal variation could be an unseen third body in the system.

The calculations of the apsidal motion rate of the system were made with the
computer program written by Zasche et al. (2009), which uses the method de-
scribed by Giménez & Garcia-Pelayo (1983), with equations revised by Giménez
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Figure 2. Sum of the squared residuals as a function of the mass ratio for V2783 Ori.

& Bastero (1995). The standard approach formulated by Irwin (1959) was used
for the light-time effect resulting from the effect of the third body in the system.

Parameters are determined in the following procedures :
For the apsidal motion;

T◦: The zero epoch (HJD);
ω◦: The position of the periastron at the zero epoch;
Pa: The anomalistic period;
Ps: The sidereal period;
e: The orbital eccentricity;
ω̇: The apsidal motion rate;
U: The apsidal motion period (U = 360 Pa/ω̇);

For the light-time effect
A: The observed semi-amplitude of the light-time curve;
T3 : The time of the periastron passage of the third body;
a12 sin i3: The semi-major axis of the relative orbit of the eclipsing pair around
the common center of mass;
e3: The eccentricity of the third-body orbit;
ω3: The longitude of periastron of the third-body orbit.

The computed apsidal motion and the third body parameters with their
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errors are presented in Table 3. The observational curves and the theoretical
best fit curves, as well as the residuals, are plotted in Figures 3-4.

The apsidal motion rate (ω̇) obtained in this study appears to be statistically
significant, 0.0063 ± 0.0017 deg cycle−1. This corresponds to an apsidal period
of U = 656 ± 103 yr. Using the parameters of the hypothetical three-body orbit
in Table 3, we derived that the mass of the third body in the system is 0.82 ±
0.11 M� for i3 = 90 deg.

Table 3. Apsidal motion and third body parameters for V2783 Ori.

Parameter Unit Value

T0 (HJD) 2452946.879 ± 0.046
Ps (day) 4.21617 ± 0.00007
Pa (day) 4.21625 ± 0.00007
e 0.253 ± 0.016
ω̇ (deg/cycle) 0.0063 ± 0.0017
ω0 (deg) 64.3 ± 3.2
U (yr) 656 ± 103
A (day) 0.0092± 0.0046
T3 (HJD) 2454100± 2100
P3 (yr) 10± 2
e3 0.262± 0.087
ω3 (deg) 65.7 ± 2.3
a12 sin i3 (au) 1.6± 0.8
f(M3) (M�) 0.043± 0.025
M3min (M�) 0.82 ± 0.11

5. Conclusions and remarks

The light curve of the eclipsing binary V2783 Ori has been modeled using the
W-D method. The analysis has shown that V2783 Ori is a detached binary
system with a moderately eccentric orbit.

The absolute parameters of the system cannot be determined directly be-
cause no spectroscopic observations were available. But the absolute dimensions
for V2783 Ori can be estimated from the empirical relations between tempera-
ture and stellar mass. According to the temperature of the primary component,
its main sequence mass would be M 1 = 1.80 ± 0.01 M� (see Eker et al. (2015)).
In this case the mass of the secondary component should be M 2 = 1.32 ± 0.01
M� using the mass ratio (q = 0.734 ± 0.015) given in Table 2. The distance
between the mass centers of the components would be calculated as a = 16.1
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Figure 3. The complete (O–C) diagram for mid-eclipse times of V2783 Ori. The solid

lines denote combination of the apsidal motion and the third-body LITE. Filled and

open symbols represent the individual primary and secondary minima, respectively.
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Figure 4. The (O–C) diagram of V2783 Ori after subtraction of apsidal motion.

± 0.2 R� using Kepler’s Third Law and the orbital period (P = 4d.21617). By
using definition of fractional radii as r1,2 = R1,2/a and the mean fractional radii
from Table 2 as r1 = 0.136 ± 0.002 and r2 = 0.112 ± 0.002, the radius of the
primary and secondary components R1 = 2.19 ± 0.10 R�, R2 = 1.91 ± 0.10 R�
can be obtained. The absolute dimensions are listed in Table 3. The bolometric
corrections (BC) have been adopted from Flower (1996), together with M�,bol

= 4.75 , according to their effective temperatures.
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Table 4. The absolute parameters of V2783 Ori.

Parameter Primary Secondary

M (M�) 1.80 ± 0.01 1.32 ± 0.01
R (R�) 2.19 ± 0.10 1.91 ± 0.10
log g (cgs) 4.01 ± 0.10 4.00 ± 0.10
T (K) 8325 ± 100 8300 ± 100
log L (L�) 1.61 ± 0.02 1.55 ± 0.02
Mbol 0.80 ± 0.05 1.10 ± 0.06
a (R�) 16.1 ± 0.2
B.C. -0.17 -0.16
Mv 0.97 ± 0.04 1.26 ± 0.04
d (pc) 1064 ± 150
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Figure 5. Locations of the components of V2783 Ori in the HR diagram. The ZAMS

(lower) and the TAMS (upper) lines were taken from (Girardi et al. 2000) for the

solar chemical composition. The filled and open symbols represent the primary and

secondary stars, respectively.
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Computed absolute elements of both the stars, reported in Table 4, are also
used to estimate the evolutionary status of V2783 Ori by means of the log T -log
L (i.e. Hertzsprung-Russell) diagram (in Fig. 5). The Zero Age Main Sequence
(ZAMS) and the Terminal Age Main Sequence (TAMS) were obtained from
Girardi et al. (2000). As it can be seen from this figure, the primary component
of the system is located almost in the middle of ZAMS-TAMS limits, while the
secondary component is found to be closer to the ZAMS. According to the mass
values of these stars, it seems that the more massive component is more evolved
that the less massive one.

The estimate of the interstellar reddening was performed by using maps of
dust infrared emission by Schlafly & Finkbeiner (2011). We obtained a colour
excess of E(B−V ) = 0.316 ± 0.006. Using the colour excess and the apparent
visual magnitude of V = 10.39 at maximum light, we computed the distance to
the V2783 Ori system to be 1064 ± 150 pc. This result agrees with the value of
1141 ± 46 pc obtained by the trigonometric parallax (0.876 ± 0.035 mas) from
Gaia EDR3 (Gaia Collaboration et al. 2021).

Analysing the (O-C) diagram, we solved the apsidal motion and the light-
time effect (LITE) simultaneously. The apsidal motion rate (ω̇) obtained in this
study appears to be statistically significant, 0.0063 ± 0.0017 deg cycle−1. This
corresponds to an apsidal period of U = 656 ± 103 yr. The observational average
value (log k2,obs) of the internal structure constant can be calculated from the
apsidal motion period with the absolute dimensions. We found the general rel-
ativistic contribution within the total apsidal motion rate, approximately 7.6%
of the observed value. After making this correction, we calculated log k2,obs =
2.04 with an assumption of the periastron-synchronization.

Using the standard solar composition (Y, Z) = (0.28, 0.02) models of Claret
(2004), we obtained an average theoretical internal structure constant value
k2,teo = 2.40 by the interpolation. According to these results, the observational
mean central density concentration for V2783 Ori seems to be smaller than that
predicted by Claret (2004) models.

The invisible component around the V2783 Ori has a period of P3 = 10 ±
2 yr, an eccentricity of e3 = 0.262 ± 0.087, and its mass is M3 = 0.82 ± 0.19
M�, which could be a main–sequence star. The third-body mass corresponds
to a spectral type of about K5.5V, and the bolometric luminosity is calculated
to be L3 = 0.36 L� (see Eker et al. (2015); Pecaut & Mamajek (2013)), which
contributes about 0.6 % to the total luminosity of V2783 Ori. This contribution
is negligibly small.

Future spectroscopic observations will help to a more complete understand-
ing of the system.
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