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bstract

Detailed photometric analysis of V523 And and V543 And from the Wide Angle
earch for Planets survey is presented for the first time. It was found that while
523 And is a detached binary, V543 And is a semi-detached binary star system.
he adopted masses and radii for the primary and secondary components are M1 =
.77±0.08 M�, R1 = 0.87±0.08 R� and M2 = 0.50±0.12 M�, R2 = 0.77±0.17 R�
or V523 And; and M1 = 1.59±0.16 M�, R1 = 1.46±0.09 R� and M2 = 0.58±0.17

�, R2 = 1.66 ± 0.22 R� for V543 And. Orbital period variations of the systems
ere analyzed using the O-C method. The O-C change of V523 And is discussed in

erms of the magnetic activity cycle of one or both components and light travel time
ffect (LTTE) due to a third body in the system. Among these mechanisms, LTTE
eems to be the most appropriate mechanism to explain the O-C variation of the
ystem since the quadrupole moments of the primary and secondary components
∆Q) were found to be in the order of 1049 g cm2. The O-C diagram of V543
nd shows a downward parabolic trend, which suggests a secular period decrease
ith a rate of 0.080± 0.012 s/year. The parabolic O-C variation of V543 And was

nterpreted in terms of the non-conservative mass transfer mechanism. According to
his scenario, the range of possible values of the mass gain rate (Ṁ1) of the primary
omponent of V543 And as well as the mass-loss rate (Ṁ) of the system were found
o be 10−5 − 10−11 M�/year and 10−6 − 10−8 M�/year, respectively.
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1 Introduction
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523 And (GSC 02290-00900, TYC 2290-900-1, Gaia DR2 369589185726105856,
MASS J01053795+3649057, V=11.73 mag) and V543 And (GSC 02815-
1348, TYC 2815-1348-1, Gaia DR2 319670674926127360, 2MASS J01422531
3755248, V=10.58 mag) were classified as Algol-type (EA) binary stars by
hruslov (2008) and Kazarovets et al. (2011), respectively. Qian et al. (2018)

stimated the effective temperature of the primary star of V523 And to be
028.53 ± 48.89 K using observations from the Large Sky Area Multi-Object
ibre Spectroscopic Telescope (LAMOST). Although these two systems were
bserved by several ground-based observational missions, there has been no
etailed photometric and/or spectral study on both of the systems so far.

n this study, brief information about the photometric observational missions
nder which V523 And and V543 And were observed is given in Section 2. In
he following section, the precise light curves of V523 And V543 And obtained
y the Wide Angle Search for Planets (WASP) (Butters et al. 2010) mission
re solved and the geometric parameters of the systems are obtained. Using
he O-C method, orbital period variation analyses of the systems are given
n Section 4. In the last section, the physical parameters of the systems are
stimated and the results are discussed.

Observations

hotometric observations of V523 And and V543 And were made by follow-
ng missions: All-Sky Automated Survey for Supernovae (ASAS-SN) (Shappee
t al. 2014, Kochanek et al. 2017), Kamogata/Kiso/Kyoto wide-field survey
KWS) (http://kws.cetus-net.org/∼maehara/VSdata.py), Northern Sky Vari-
bility Survey (NSVS) (Woźniak et al. 2004) and Wide Angle Search for Plan-
ts (WASP) (Butters et al. 2010). Unfiltered observations were carried out by
SVS. While the ASAS-SN observations were performed in V-filters, V and

c filters were used in the KWS observations. On the other hand, WASP ob-
ervations were made in broad-band filters (400-700nm). A summary of the
hotometric observations whose observational data can be retrieved from the

iterature is given in Table 1.

Light Curve Analysis

ight curves of V523 And and V543 And obtained by the WASP Survey
ere solved for the first time in this study. The WASP observations of V523
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Table 1
Brief information about photometric observations of V523 And and V543 And pub-
lished in the literature.
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Survey Filter Start-end date of observations Number of Mean

obs. obs. error

(day/month/year) (Mag)

V523 And

NSVS Unfiltered 06/06/1999 – 24/02/2000 577 0.025

WASP (Cam105)[1] Broad band 21/09/2004 – 28/09/2004 4 0.025

WASP (Cam142)[1] Broad band 07/08/2007 – 17/12/2007 3762 0.016

WASP (Cam145)[1] Broad band 16/08/2006 – 21/07/2008 975 0.017

WASP (Cam146)[1] Broad band 30/11/2006 – 23/07/2008 3748 0.012

WASP (Cam147)[1] Broad band 30/11/2006 – 17/12/2007 3180 0.013

WASP (Cam148)[1] Broad band 19/07/2008 – 22/07/2008 10 0.023

KWS V 31/07/2012 – 31/07/2020 1289 0.198

KWS Ic 07/08/2013 – 31/07/2020 848 0.215

ASAS-SN V 04/11/2013 – 28/11/2018 262 0.020

V543 And

NSVS Unfiltered 06/06/1999 – 09/03/2000 501 0.019

WASP (Cam105)[2] Broad band 26/06/2004 – 29/09/2004 2334 0.046

WASP (Cam141)[2] Broad band 20/08/2007 – 17/12/2007 3738 0.028

WASP (Cam147)[2] Broad band 20/08/2007 – 23/07/2008 3106 0.020

WASP (Cam148)[2] Broad band 21/08/2006 – 03/01/2007 3044 0.055

KWS V 05/12/2010 – 27/09/2020 843 0.069

KWS Ic 07/08/2013 – 27/09/2020 649 0.114

ASAS-SN V 10/12/2013 – 28/11/2018 256 0.020

otes:
1]Observations with observational error larger than 0.030 mag not included.
2]Observations with observational error larger than 0.055 mag not included.

nd were made with cameras 105, 142, 145, 146 and 148 (see Table 1). Brief
nformation about the WASP observations with observational error values less
han 0.030 mag are given in Table 1. The most precise observations of this
ystem were carried out with camera 146. Using camera 146, 3748 observations
ere taken with error values between 0.007 mag and 0.030 mag (see Table 1).
e selected 1216 observations from these observations, with errors less than

.009 mag, to be able to solve the WASP light curve accurately.

he WASP observations of V543 And were made with cameras 105, 141, 147
nd 148 (see Table 1). We give brief information about the WASP observations
f the system with an observational error smaller than 0.055 mag in Table
. The most precise CCD observations of this system were carried out with
amera 147. Using camera 147, 3748 observations were taken with error values
rom 0.003 mag to 0.055 mag (see Table 1). From these observations, we
elected 562 observations of V543 And with an error smaller than 0.005 mag
n order to determine the reliable geometric parameters of the system.
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Before starting the analysis, the effective temperatures of the primary stars
were determined. In the case of V523 And, we took the effective temperature
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f the primary component from Qian et al. (2018) to be T1 = 5029 ± 49
, which was estimated from spectroscopic observations of the system. On

he other hand, the temperature of the primary component of V523 And is
iven as 5055K in Gaia DR2. Therefore, the tempertaure value given by Qian
t al. (2018) is compatible with that of the value given in Gaia DR2 (Gaia
ollaboration 2018) within error limits.

ince no spectroscopic observations have been carried out for V543 And, we es-
imated the effective temperature of the primary component using the method
iven by Tunçel Güçtekin et al. (2016). In this method, the effective temper-
ture of the primary is estimated from the intrinsic color index, (B − V )0,
f the binary system. Firstly, we determined the V band total absorption of
543 And located at galactic latitude b, A(∞,V )(b) from Schlafly & Finkbeiner

2011), using the NASA Extragalactic Database (http://ned.ipac.caltech.edu
forms/calculator.html). Following this, the interstellar absorption for the sys-
em’s distance d, Ad(b) was calculated using the equation given by Bahcall &
oneira (1980) below, where H is the scale height and its value was assumed to
e 125 pc, according to Marshall et al. (2006), and the distance of the system
as calculated using its Gaia DR2 (Gaia Collaboration 2018) parallax:

Ad,V (b) = A∞,V (b)

[
1− exp

(
−|d sin b|

H

)]
(1)

he color excess of the system was then estimated from Ed(B−V ) = Ad,V (b)/3.1.
he intrinsic color index of V543 And was found to be 0.38± 0.07 mag using
B − V )0 = (B − V ) − Ed(B − V ). Finally, the effective temperature of the
rimary component was estimated to be 6880 ± 200 K, according to Drilling

Landolt (2000)’s color index-effective temperature calibration for main se-
uence stars. However, the temperature of the primary component of V543
nd is given as 7244 K in Gaia DR2. Therefore, the light curve solution of

he system was carried out separately for both temperature values.

fter determining the effective temperatures of the primary components of
523 And and V543 And, the light curves were phased using the ephemerides
btained in the orbital period analysis (see Section 4). Wilson-Devinney (W-
) code (Wilson & Devinney 1971, Wilson 2012) was used for the light curve
nalysis. Effective wavelengths of the observations were assumed to be 550 nm
ince the WASP mission was performed in wide-band filters (400 − 700 nm).
he bolometric gravity-darkening exponents of the components were taken to
e 1.0 for a radiative atmosphere ( T > 7200 K) from von Zeipel (1924) and
.32 for a convective atmosphere ( T < 7200 K) from Lucy (1967) . Also,
he bolometric albedos of the components were fixed to 1.0 and 0.5 for the
adiative and convective atmospheres, respectively, following Ruciński (1969).
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igure 1. Sum of squared residuals (Σ(O−C)2 ) versus related mass ratio (q) values
btained under cold spot assumption of V523 And.

he third light contributions for both systems were disregarded. We assumed
hat the components of the systems were rotating synchronously in circular
rbits, (e = 0).

ight curve analysis of V523 And was performed in mode 2 (detached config-
ration). Phase shift (φ), orbital inclination (i), effective temperature of the
econdary component (T2), dimensionless surface gravities of the primary and
econdary components (Ω1,Ω2), mass ratio (q) and luminosity of the primary
omponent (L1) were chosen to be free parameters during the iterations. The
ight curve of V523 And is asymmetric, i.e., the primary maxima of the light
urve is higher than the second maxima (see Figure 2). This asymmetry may
rise from cold or hot spot activity on the more massive primary component.

efore starting the light curve solutions, the q-search method was carried out
eparately for the hot and cold spot assumptions to obtain the photometric
ass ratio of V523 And, since the spectroscopic mass ratio of the system has
ot been published in the literature. All parameters mentioned above, except
he mass ratio, were set as free parameters during the q-search procedure.
uring the q-search, the sum of the squared residuals Σ(O−C)2 value obtained

rom the hot spot assumption was found to be larger than that of the value
btained from the cold spot assumption. Therefore, the light curve solution of
523 And was performed under the cold spot assumption. Figure 1 shows the

um of the squared residuals Σ(O − C)2 of the light curve models for a cold
pot assumption with respect to the related mass ratio values.

he minimum Σ(O − C)2 values were achieved at q = 0.7 for the cold spot
ssumption. We also set the following as free parameters of the cold spot;
olatitude and longitude, radius, and dimensionless fractional temperature
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factor (Tspot/T1). Initial values of the mass ratio parameter were set to q = 0.7
for the cold spot model. The best model parameters obtained from the light
c
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t
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urve solution are given in Table 2.

able 2
arameters obtained from best W-D model fits to WASP light curves of V523 And
nd V543 And.

V523 And V543 And

Parameter Value Value

φ 0.0012± 0.0001 −0.0005± 0.0001

i(deg.) 81.6± 1.3 77.3± 1.0

T1(K) 5029 7244

T2(K) 4830± 160 4287± 115

q(= M2/M1) 0.650± 0.092 0.369± 0.069

Ω1 4.148± 0.017 3.972± 0.023

Ω2 3.759± 0.016 2.613

r1(vol.) 0.292± 0.005 0.282± 0.001

r2(vol.) 0.258± 0.006 0.321± 0.002

L1 7.696± 0.025 11.361± 0.036

L2 4.784 1.053

Spot parameters

Co-latitude (deg.) 90± 12 -

Longitude (deg.) 108± 21 -

Spot radius (deg.) 15± 3 -

Tspot/T1 0.90± 0.08 -

χ2
red 14.965 24.347

he chi-squared (χ2) values of the model fits were calculated using the equa-
ion below given by Bevington (1969), where li,O and li,C are the observed
nd calculated light levels at a given phase, respectively, and ∆li is an error
stimate for the measured values of li,O.

χ2 =
∑

i

(li,O − li,C)

∆l2i
(2)

ext, we calculated the reduced chi-squared value of the model fits from
2
red = χ2/ν, where ν is the number of degrees of freedom of the data set.
he χ2

red value obtained from the cold spot model was 14.965 (see Table 2).
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igure 2. Observed light curve of V523 And from WASP survey. Best theoretical
t obtained under cold spot assumption is shown by solid green line. Solid red line
orresponds to light curve model fit without star-spot assumption. Green and red
lled-dots correspond to residuals obtained from cold spot and without spot models,
espectively.

igure 3. Roche geometry of V523 And obtained from light curve analysis. Red
egion in upper part illustrates cold spot on primary component.

he theoretical fit obtained from the cold spot model together with the ob-
erved light curve is shown in Figure 2.

he Roche geometry of V523 And obtained from the derived light curve pa-
ameters under the cold spot model is given in Figure 3. According to the
olution, while the primary component of V523 And fills 77 per cent of its
oche lobe, the secondary component fills 85 per cent of its Roche lobe.
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igure 4. Sum of squared residuals (Σ(O−C)2 ) versus related mass ratio (q) values
f V543 And for T1 = 7244 K.

ight curve analysis of V543 And was started in mode 2 (detached configura-
ion). After a few iterations, we noted that the secondary component fills its
ritical Roche lobe. Thus, we continued the light curve solution in mode 5, a
emi-detached configuration. In this solution, phase shift (φ), orbital inclina-
ion (i), effective temperature of the secondary component (T2), dimensionless
urface gravity of the primary component (Ω1), mass ratio (q) and luminosity
f the primary component (L1) were chosen as the free parameters during the
terations.

s in the case of V523 And, the q-search method was carried out to obtain the
hotometric mass ratio of V543 And since the spectroscopic mass ratio of the
ystem has not been published in the literature. The q-search procedure was
erformed separately for T1 = 6880 K, which was estimated using the method
f Tunçel Güçtekin et al. (2016), and T1 = 7244 K, which is given in Gaia
R2. All parameters mentioned above except the mass ratio were set as free
arameters during the q-search procedure. The minimum value of Σ(O −C)2

as achieved at q = 0.4 for both of the temperature values.

s an example of the least Σ(O − C)2 reached, Figure 4 shows the sum of
he squared residuals Σ(O−C)2 of the light curve models with respect to the
elated mass ratio values for T1 = 7244K. Therefore, the initial value of the
ass ratio was set to q = 0.4 for the light curve solution. The reduced chi-

quared value (χ2
red) of the model fit was calculated to be 25.534 for T1 = 6880

and 24.347 for T1 = 7244 K. The minimum value of χ2
red was reached in the

olution for T1 = 7244 K. In addition to this, in Gaia DR2, the temperatures
f the stars, with effective temperatures between 3000 K and 10000 K, were
stimated to be within the typical 324 K uncertainty from the two distance-
ndependent GBP – G (330 − 680 nm) and G - GRP (630 − 1050 nm) colors
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(Gaia Collaboration 2018, Andrae et al. 2018). Due to this , only the light
curve solution parameters obtained at the T1 = 7244 K temperature value are
g

F
o
G

T
t
A
t
c

iven in Table 2.

igure 5. Observed light curve of V543 And from WASP survey. Best theoretical fit
btained from light curve analysis for T1 = 7244 K is illustrated by solid green line.
reen-filled points correspond to residuals.

he best theoretical fit obtained from the light curve analyses, together with
he observed light curve, is shown in Figure 5. The Roche geometry of V543
nd obtained from the best light curve solution is given in Figure 6. According

o our solution of the light curve of V543 And, while the secondary component
ompletely fills its Roche lobe, the primary component fills only 66 per cent

Figure 6. Roche geometry of V543 And obtained from best light curve solution.
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of its Roche lobe.
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Orbital Period Analysis

rbital period variation analyses of V523 And and V543 And were performed
or the first time in this study. The O-C method was used in the analyses
sing a matlab code given by Zasche et al. (2009).

clipse timings of V523 And published in the literature are as follows: 1 CCD
iming by Khruslov (2008), 3 CCD timings by Hon̆ková et al. (2013), 2 photo-
lectric (Pe) timings by Hübscher & Lehmann (2013), 1 CCD timing by Nel-
on (2014), 3 CCD timings by Jurys̆ek et al. (2017), 1 Pe timing by Hübscher
2017), and 1 CCD timing by Nelson (2018). One additional CCD eclipse time
s also given in the O-C Gateway Database (http://var2.astro.cz/ocgate/). As

result, the total number of eclipse timings of V523 And published in the
iterature so far is 13.

n this study, a total of 64 CCD timings were calculated from the WASP
bservations using the Kwee-van Woerden method (Kwee & van Woerden
956). Since very few observation points were collected per night by the ASAS-
N, NSVS and KWS surveys, a method given in the study of Zasche et al.
2014) was used in order to estimate the timings from these surveys. Although
he primary and secondary eclipse phases are evident in the ASAS-SN and
SVS light curves, the eclipses are not obvious due to wide scattering in the
WS light curves. Therefore, we were not able to calculate precise timings

rom the KWS observations.

n the method given by Zasche et al. (2014), firstly, all light curves observed
ithin the scope of the relevant observation project were divided into 1-year

egions. Afterwards, each data set was phased using the linear light element
elow, where the conjunction time T0 = 2455799.56943 HJD and the orbital
eriod P = 0.52854 days of V523 And were taken from Hon̆ková et al. (2013)
nd Khruslov (2008), respectively.

C1,V523 And(Min I/Min II) = HJD 2455799.56943 + 0d.52854× E (3)

fter this, the light curve fit to each data set was acquired using Wilson-
evinney software (W-D) (Wilson & Devinney 1971, Wilson 2012). In this

tep, while the phase shift parameter was adjusted to be a free parameter,
he values of the remaining parameters, which were taken from the best light
urve fit obtained in the previous section, were kept constant. Finally, the
heoretical minima for each data set were derived (see Zasche et al. 2014).
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In this way, 11 eclipse timings were calculated from the ASAS-SN and NSVS
observations. Therefore, the total number of timings obtained in this study
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ogether with the times published in the literature reached 88. The eclipse
iming data used in the O-C analysis of the V523 And system covers a period
f approximately 19 years between October, 1999 and June, 2018.

he timings of V543 And published in the literature are as follows: 1 CCD
iming by Khruslov (2008), 3 CCD timings by Hon̆ková et al. (2013), 1 Pe
iming by Hübscher (2015), 1 Pe timing by Hübscher (2017), 2 Pe timings by
agel (2018) and 1 Pe timing by Pagel (2020). In total, 9 eclipse timings of
543 And have been published in the literature. We also calculated 42 CCD

imings from WASP observations of V543 And using the Kwee-van Woerden
ethod.

ince only a few observational points were taken per night in the ASAS-SN,
SVS and KWS observations, the eclipse timings in these observation projects
ere calculated using Zasche et al. (2014)’s method. The light curve data sets
ere phased using the following light element, where T0 = 2454344.65264
JD and P = 0.9264 days are the conjunction time obtained in this study

rom WASP observations and the orbital period taken from Khruslov (2008),
espectively.

C1,V543 And(Min I/Min II) = HJD 2454344.65264 + 0d.9264× E (4)

e theoretically calculated 5, 6 and 11 timings from the ASAS-SN, NSVS
nd KWS observations, respectively, using the method given by Zasche et al.
2014). Therefore, the total number of eclipse times of V543 And obtained
n this study, together with the times published in the literature, is 73. The
iming data used in the O-C analysis of V543 And covers almost 21 years from
ctober, 1999 to August, 2020.

he eclipse timings data of V523 And and V543 And are given in the Ap-
endix.

he O-C diagram of V523 And is given in Figure 7. As seen in the diagram, the
-C shows an upward parabolic trend. Under the assumption of a parabolic
-C variation, the quadratic ephemeris, which includes the orbital period (P )

f the system, conjunction time (T0) and quadratic parameter, was found as
elow:

C2,V523 And(Min I/Min II) = HJD 2455799.56732(25) + 0d.5285397(1)× E

+1d.59(10)× 10−10 × E2 (5)

he quadratic term of V523 And was found to be 1.59(±0.10) × 10−10 days.
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igure 7. O-C diagram of V523 And. Best parabolic fit to O-C dataset is shown with
olid black line. Residuals from parabolic fit are shown in bottom part of diagram.

ccording to the quadratic term obtained, we found that the orbital period of
he system is secularly increasing with a slow rate of 0.019(±0.003) seconds
er year.

his observed orbital period increase may be due to a non-conservative mass
ransfer mechanism from the secondary component to the primary component,
s discussed in the next section for V543 And. In this case, the mass transfer
ate must be greater than the rate of mass lost from the system (Tout & Hall
991, Erdem & Öztürk 2014). For mass transfer from the secondary component
o the primary component to occur, the secondary component must have filled
ts critical Roche lobe. However, it was concluded from the light curve solution
f V523 And that it is a detached binary star system (see Section 3). Therefore,
he orbital period increase seen in V523 And could not be explained by the
ass transfer mechanism.

n the other hand, the upward parabolic O-C variation may be a part of
inusoidal O-C variation due to the magnetic activity cycle of one or both
omponents (see Applegate 1992). In order to examine this anomaly, a sinu-
oidal fit was made on the O-C diagram of V523 And using the least squares
ethod. The amplitude (A

′
) and period (P

′
) of the sinusoidal O-C variation

ere obtained as 0.0032(±0.0005) days and 19.43(±3.59) years, respectively,
nd the sum of square residuals (Σ(O−C)2 ) obtained from the fit is 0.00086
ays2. In this case, the rate of period variation (∆P/P ) can be determined
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using the following equation given by Applegate (1992).

′

T
i
t
o
t

T
f
f
c
e
R
t
s
c

A
e
o
(

w
a
l
e
a
i
e
a

T
a
o

∆P

P
= 2π

A

P ′ (6)

he rate of period variation of V523 And due to possible magnetic activity
s calculated to be ∆P/P = 2.87 × 10−6 using the equation above. In order
o produce such a hypothetical cyclic O-C variation, the change that has to
ccur in the quadrupole moment of each component can be calculated using
he equation below, given by Lanza & Rodonó (1999).

∆P

P
= −9

∆Q

M1,2A2
(7)

he quadrupole moments of the primary and secondary components were
ound to be ∆Q1 = 2.10×1049 g cm2 and ∆Q2 = 1.36×1049 g cm2, respectively,
rom Eq. 7 using the M1, M2 and A values given in Table 4. As is known, in
lose binary stars, the quadrupole moment values of the components with
ffective magnetic activity vary between 1051 g cm2 and 1052 g cm2 (Lanza &
odonó 1999). Since our ∆Q1 and ∆Q2 values are considerably smaller than

he acceptable values, the possible sinusoidal cycle in the O-C diagram of the
ystem could not be explained either by the magnetic activity cycle of the
omponents.

nother possible cause of cyclic O-C variation may be the light travel time
ffect (LTTE) due to a third body which is physically bound to the system. In
rder to examine this situation, the following LTTE equation given by Irwin
1959) was fitted to the O-C diagram of the system.

∆t =
a12 sin i12

c

{
1− e2

12

1 + e12 cos ν12

sin(ν12 + ω12) + e12 cosω12

}
(8)

here ∆t is the time advance/delay due to LTTE, c is the speed of light,
nd a12, i12, e12 and ω12 are the semi-major axis, inclination, eccentricity and
ongitude of the periastron of the absolute orbit of the centre of mass of the
clipsing binary around the three-body system, respectively. ν12 is the true
nomaly of the position of the eclipsing binary’s mass center on this orbit and
ncludes T12 and P12 (the unseen/hidden parameters of Eq. 8, where T12 is the
poch of the passage at the periastron of the eclipsing binary’s mass center
long its orbit, and P12 is its orbital period).

he LTTE analysis was performed using a matlab code given by Zasche et
l. (2009). The best theoretical fit made to the O-C diagram and the residuals
btained from the fit are shown in Figure 8, and the derived parameters are
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igure 8. LTTE representation (solid black line) of O-C variation of V523 And, and
esiduals from the best-fit curve.

able 3
arameters obtained from LTTE analysis of V523 And.

Parameters Value

T0 (HJD) 2455799.5701± 0.0003

P (day) 0.5285391± 0.0000001

A
′

(day) 0.0032± 0.0001

a12 sin i12 (AU) 0.56± 0.12

e12 0.83± 0.15

ω12 (deg) 90± 15

P12 (years) 18.2± 1.6

f(M3) (M�) 0.00053± 0.00007

M3 (M�) for i12 = 300 0.21± 0.07

M3 (M�) for i12 = 600 0.12± 0.05

M3 (M�) for i12 = 900 0.10± 0.03

iven in Table 3. The sum of square residuals (Σ(O − C)2) from the best fit
s 0.00072 days2, which is lower than that of the sinusoidal fit. According to
he parameters given in Table 3, V523 And orbits around the triple system’s
enter of mass in an eccentric orbit (e12 = 0.83(±0.15)) with a period of

12 = 18.2(±1.6) years. The projected distance of the center of mass of V523

14



And to the center of mass of the three- body system was estimated to be
a12 sin i12 = 0.56(±0.12) AU. Using the P12 and a12 sin i12 values, the mass
f
M

T
w
v

A
−
t
w
s
i
m

unction of the third body was found to be f(M3) = 0.00053(±0.00007) M�.
ore discussion on the LTTE effect is presented in the final section.

Figure 9. Same as Figure 7 but for V543 And.

he O-C diagram of V543 And is given in Figure 9. The O-C shows a down-
ard parabolic change. Therefore, under the assumption of parabolic O-C
ariation, the quadratic ephemeris of V543 And was found to be as below:

C2,V543 And(Min I/Min II) = HJD 2454344.6527(13) + 0d.9263708(6)× E

−11d.68(63)× 10−10 × E2 (9)

ccording to the quadratic ephemeris, the quadratic term of V543 And is
11.68(±0.63) × 10−10 days. This value suggests that the orbital period of

he system is decreasing at a rate of 0.080(±12) seconds per year. Since it
as understood in the previous section that the secondary component of this

ystem completely filled its Roche lobe, the O-C change in the system can be
nterpreted in terms of mass transfer from the less massive component to the
ore massive component, which is examined in detail in the next section.
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5 Results and Discussion
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ince there are no published radial velocity measurements of either system,
e estimated their absolute parameters, as given in Table 4. The masses of

he primary components were estimated using the calibrations of the color
ndex, effective temperature, mass and spectral type for main-sequence stars
iven by Drilling & Landolt (2000). We assumed a 10 per cent error in the
stimated masses of the primary components in order to estimate the errors
f the remaining parameters given in Table 4. The mass of the secondary
omponent of V523 And and V543 And were calculated from the photometric
ass ratios given in Table 2. The semi-major axes (A) were derived from Ke-
ler’s third law. Lastly, the bolometric magnitudes (Mbol) and surface gravity
log g) values were estimated using the solar values (Teff = 5771.8 ± 0.7 K,

bol = 4.7554 ± 0.0004 mag, and g = 27423.2 ± 7.9 cm/s2) given by Pecaut
Mamajek (2013).

able 4
stimated absolute parameters of V523 And and V543 And.

V523 And V543 And

Primary star Secondary star Primary star Secondary star

(A) (R�) 2.98±0.06 5.17± 0.10

M(M�) 0.77± 0.08 0.50± 0.12 1.59± 0.16 0.58± 0.17

R(R�) 0.87± 0.08 0.77± 0.17 1.46± 0.09 1.66± 0.22

log g (cgs) 4.45± 0.11 4.37± 0.10 4.31± 0.10 3.76± 0.09

Mbol (mag) 5.66± 0.68 6.10± 0.79 2.95± 0.35 4.95± 0.64

n the previous section, we argued that the O-C variation of V523 And could
ot be interpreted in terms of the mass transfer mechanism between the com-
onents or the magnetic activity cycles of the components. In order to explain
he O-C change of the system, LTTE was considered in the same section.
ccording to the masses of the primary and secondary components of V523
nd given in Table 4, the mass of the hypothetical third body was found to be
.21(±0.07) M�, 0.12(±0.05) M�, and 0.10(±0.03) M� for i12 = 300,i12 = 600

nd i12 = 900, respectively. If the third body is coplanar with the binary star
ystem (i12 = i = 810.6 ± 10.3, see Table 2), then the mass and semi-major
xis of its orbit around the center of the mass of the three- body system is
erived to be 0.10(±0.04) M� and 7(±1) AU. According to Allen’s tables for
ain-sequence stars (Drilling & Landolt 2000), if we assume that the third
ody is a main-sequence star then it should be a dwarf of late-M spectral
ype. The light contribution of the third body to the total light of the system
as estimated to be ∼ 0.04% using the mass- luminosity relation of L ∼M3.9

iven by İbanoğlu et al. (2006). Therefore, the light contribution from the
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third body is too small to be observed photometrically.

O
t
w
o

I
V
t
s
e
C

W
R
t
i
s
b
d
t
c
o
o
p
b
l

w
m
r
l
i

n the other hand, we calculated the semi-amplitude of the changes in the sys-
emic velocity (KRV ) accompanied by LTTE to be approximately 1.65 km/s,
hich can be detected by future high precision radial velocity measurements
f the system, using the equation below given by Mayer (1990).

KRV =
2π

P12

a12 sin i12√
1 + e2

12

(10)

n conclusion, the most plausible scenario to explain the O-C change of the
523 And system is the LTTE effect due to the third body. However, in order

o confirm the existence of this third body, high-precision radial velocity mea-
urements of the system are needed. Further precise photometric observations,
specially minima times, are also paramount in determining the long-term O-

variation.

e found that the secondary component of V543 And completely fills its
oche lobe. It is known that a fraction of the mass can be transferred to

he more massive primary component when the less massive secondary fills
ts Roche lobe. In this case, the orbital period of the binary star system may
how a periodic increase. In addition, a partial fraction of the mass can also
e lost due to the magnetic braking effect of stellar winds, which give rise to a
ecrease in the orbital period of the binary system. Therefore, we considered
he combined effect of mass transfer and mass loss from the system, i.e. a non-
onservative mass transfer mechanism, to interpret the orbital period change
f V543 And. We used the equation given by Erdem & Öztürk (2014) in
rder to calculate the rate of mass transfer from the secondary component to
rimary component and the rate of mass loss from the system. The relation
etween the rate of orbital period change and the rate of mass transfer and

oss in semi-detached binaries is given below by Erdem & Öztürk (2014):

Ṗ

P
=

{
2
{
RA

A

}2 M1 +M2

M1M2

− 2

M1 +M2

}
Ṁ +

3 (M1 −M2)

M1 +M2

Ṁ1 (11)

here Ṗand Ṁ1 are the rate of orbital period change and the rate of transferred
ass from the secondary to primary component, respectively. RA is the Alfvén

adius, inside which matter lost from the system is co-rotating with the mass
osing secondary star. Ṁrepresents the rate of mass loss from the system and
s defined as below:

Ṁ ≤ (1− β) Ṁ2 =
(β − 1)

β
Ṁ1 (12)
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where Ṁ2 is the mass loss rate of the secondary component and β = −Ṁ1

Ṁ2

is the mass-loss parameter giving the fraction of mass lost by the secondary
c
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omponent that is accreted by the primary component.

he critical value of the mass-loss parameter (βcri) can be derived from Eqs.
1 and 12. The βcri value of V543 And was found to be 0.936 under the
ssumption that the RA is 10R2 (see Tout & Hall 1991).

igure 10. Change of mass-loss parameter (β) with respect to mass-loss rate (Ṁ2)
f secondary component of V543 And.

f the mass-loss parameter is smaller than its critical value, then the mass-loss
rom the system via stellar wind is the dominant mechanism and the orbital
eriod of the binary system subsequently decreases (see Erdem & Öztürk
014). Using Eqs. 11 and 12 for 0 < β < 0.936, we found the range of possible
alues of the mass gain rate (Ṁ1) of the primary component of V543 And and
he mass-loss rate (Ṁ) of the system to be 10−5-10−11 M�/year and 10−6-10−8

�/year, respectively. The β-Ṁ2 diagram of V543 And is given in Figure 10.

n this study, a detailed appraisal of eclipsing binary systems V523 And and
543 And was given for the first time. High-resolution spectroscopic obser-
ations together with more precise photometric observations of these systems
re required in order to estimate their absolute parameters more reliably, to
nderstand the nature of the long-term O-C variation of V523 And, and to
nderstand the mass flow properties and evolutionary status of the component
tars of V543 And.
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oźniak, P. R., Vestrand, W. T., Akerlof, C. W., et al. 2004,Northern
Sky Variability Survey: Public Data Release. AJ 127 (4), 2436-2449.
https://doi.org/10.1086/382719

asche, P. , Liakos, A. , Niarchos, P. , et al. 2009, Period changes in six contact
binaries: WZ And, V803 Aql, DF Hya, PY Lyr, FZ Ori, and AH Tau. NewA
14 (2), 121-128. https://doi.org/10.1016/j.newast.2008.06.002
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Highlights
lights 

 Light curves of V523 And and V543 And obtained by the WASP Survey were solved for the

time in this study .  

 We concluded that that while V523 And is a detached binary, V543 And is a semi-deta

binary star system. 

 Orbital period analyses of V523 And and V543 And were performed and results were discu

for the first time in this study. 

 Absolute parameters of V523 And and V543 And were estimated. 

 




