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Abstract In this study, new photometric observations of shallow contact binary CN Andromedae (CN And)
were performed and multi-color (BV R) CCD light curves (LCs) were obtained. Simultaneous analysis of
new LCs and published radial velocity (RV) data reveals that the system is an early contact binary in which
both components have recently filled their inner Roche lobes. Asymmetric LCs were modeled by a dark
spot on the primary component and a hot spot on the secondary component that probably resulted from
magnetic activity and mass transfer, respectively. Modeling of LCs and RV data allows us to estimate the
following absolute parameters: M; = 1.40 + 0.02 My, My = 0.55 £ 0.01 Mg, Ry = 1.45 £ 0.02 R
and Ry = 0.94 & 0.02 R. A decreasing orbital period with a rate of dP/dt = —1.5 x 10~ "dyr~! can
be seen as evidence that the system is evolving into a contact binary with higher contact degree. Cyclic
oscillation of the O — C' data was interpreted by the Applegate mechanism and light-time effect due to an
unseen component around the close binary system. The hypothetical third component is probably a fully
convective red dwarf star with a minimal mass of 0.1 M. CN And is at the early phase of the contact stage
of its evolution and is an interesting example for studying the formation and evolution of close binaries.
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1 INTRODUCTION

Contact binaries are important sources for investigating the
evolution of close binary stars and the process of mass loss
and transfer, angular momentum loss and tidal interactions.
They are also known as W UMa type eclipsing binaries,
according to the shape of their light curves. The orbital pe-
riods of these systems are generally between 0.2—-1d and
mass ratios of the components are mostly between 0.1 and
0.5. The eclipse depths in the light curves of most con-
tact binaries are usually equal since both components have
nearly the same surface temperature although their masses
may be different due to several factors. Evolutionary sta-
tus around the contact phase can be generally explained by
thermal relaxation oscillation (TRO) theory (Lucy 1967a;
Flannery 1976; Robertson & Eggleton 1977). W UMa bi-
naries around the contact phase, known as early or shallow
contact binaries, have components with different temper-
atures; therefore, different eclipse depths for the primary
and secondary minima in their light curves are seen. This

type of close binary is also essential for studying the ini-
tial stages of the contact phase since the evolutionary stage
contains many unknowns.

CN Andromedae (CN And, TYC 2787-1815-1, GSC
02787-01815) was discovered by Hoffmeister (1949), who
firstly announced that the system shows 3 Lyr-type light
variations. Tsesevich (1956) reported that the system is an
Algol type binary with an orbital period of 2.599 d. It was
stated by Lochal (1960) that CN And has a W UMa type
light curve and its orbital period is 0.462798d. Bozkurt
et al. (1976) revealed asymmetric changes in the B and V/
light curves. Kaluzny (1983) reported that the light curves
of the system showed (3 Lyr-type variations due to the two
minima clearly having different depths. Two flares were
observed in the light curve of the system obtained in 1981
by Yang & Liu (1985). Shaw et al. (1996) reported strong
X-ray emission for the system. Photometric observations
of CN And have been carried out by several authors (e.g
Bozkurt et al. 1976; Kaluzny 1983; Michaels et al. 1984;
Evren et al. 1987; Samec et al. 1998; Van Hamme et al.
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2001; Zola et al. 2005; Lee & Lee 2006; Koju & Beaky
2015).

Light curve analysis of the system was made by Van
Hamme et al. (2001); Cicek et al. (2005); Lee & Lee
(2006). Additionally, the light curves in BV RI filters of
CN And were presented and the O’Connell effect and pe-
riod variation of the system discussed by Koju & Beaky
(2015). Rucinski et al. (2000) published radial velocity
measurements and obtained the spectroscopic orbital el-
ements of the system. The spectral type of the compo-
nents was suggested as being in the range of F5-G5 by
Zola et al. (2005). Siwak et al. (2010) published the most
recent radial velocity and light curve analysis of the sys-
tem. Orbital period variations of CN And were investi-
gated by several authors (e.g Kaluzny 1983; Evren et al.
1987; Samec et al. 1998; Van Hamme et al. 2001; Cicek
etal. 2005; Lee & Lee 2006). Lastly, Koju & Beaky (2015)
studied the period changes of the system and the decreas-
ing orbital period was explained by mass transfer from the
primary component to the secondary one with a rate of
4.82(6) x 1078 Mg yr— 1.

2 OBSERVATIONS

New CCD observations of CN And were made at
Canakkale Onsekiz Mart University (COMU), Ulupinar
Astrophysics Observatory during the 2013 (three nights)
and 2017 (eight nights) observing seasons. The obser-
vations were performed using a 30-cm LX200 model
Schmidt-Cassegrain reflector equipped with an ALTA
U47 CCD camera (Peltier cooling, E2V CCD47-10 chip,
1024 %1024 pixels, 13 x 13 um pixel size). This CCD cam-
era provides an observed field of view of 15arcmin X
15 arcmin. All observations were made with the BV R fil-
ters. TYC 2786 406 and TYC 2787 1843 were used as
comparison and check stars, respectively. During the ob-
servations, no significant light variation for the compar-
ison or check stars was found. Exposure times were se-
lected to be 10, 4 and 3 seconds for B, V and R filters,
respectively. The CCD data were reduced following stan-
dard reduction procedures: bias and dark frames were sub-
tracted from the science frames and then corrected for flat
fielding. The reduced CCD images were used to calculate
the differential magnitudes. For the reduction process, the
C-Munipack program written by D. Motl (2007; http://c-
munipack.sourceforge.net) was used. Observational errors
measuring the magnitudes in all filters were calculated as
approximately 0.01™. In addition to the BV R light curves
as seen in Figure 1, four primary and seven secondary min-
ima times were obtained during the observations.
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3 SIMULTANEOUS ANALYSIS OF LIGHT AND
RADIAL VELOCITY CURVES

In order to analyze the BV R light curves obtained in this
work and the radial velocity curves taken from Rucinski
et al. (2000), we used the 2003 version (van Hamme &
Wilson 2003) of the Wilson-Devinney (WD) code (Wilson
& Devinney 1971). The WD method requires that the in-
put parameters are reasonable, as any method applied for
light curve analysis of eclipsing binaries. In addition, some
parameters should be fixed; therefore they should be es-
timated from convenient theoretical models. The adopted
parameters were as follows: the temperature of the pri-
mary component was taken as 6350K from Cox (2000)
based on its spectral type F6V, which was estimated from
the (B — V') = 0.47 mag value of the system given in the
APASS Catalog!. The logarithmic limb darkening coeffi-
cients were taken from van Hamme (1993), while the bolo-
metric gravity-darkening coefficient g; » was set to 0.32 for
convective envelopes (Lucy 1967b). The bolometric albe-
dos A; o were fixed to 0.5 for convective envelopes from
Ruciniski (1969). Synchronous rotation for the primary and
secondary components (F; = Fy = 1) and circular or-
bit (e = 0) were accepted before analysis. The adjustable
parameters were light elements (reference epoch 7 and
period P) together with the length of the semi-major axis
of the relative orbit (a), radial velocity of the binary sys-
tem’s center of mass (V7 ), orbital inclination to the plane
of the sky (7), flux-weighted average surface temperature of
the secondary component (7%), mass ratio (¢ = mz/my1),
non-dimensional normalized surface potentials of the com-
ponents (§27 2) and the fractional monochromatic luminos-
ity of the primary component (L1).

At the beginning of the analysis, the mass ratio of
q = 0.39 obtained spectroscopically by Rucinski et al.
(2000) was chosen as a starting input value. In order to
model the asymmetric light curves as seen in Figure 1 and
Table 1, a dark spot on the primary component and a hot
spot on the secondary one were considered, as applied by
Lee & Lee (2006); Cicek et al. (2005); Van Hamme et al.
(2001). The dark spot can be explained by magnetic activ-
ity on the surface of the primary component, while mass
transfer from the more massive component to the less mas-
sive one may result in a hot spot on the secondary compo-
nent. Analysis began in detached mode and then continued
in contact mode (Mode 3 in the WD code) since the criti-
cal surface potentials of the components had reached their

! APASS Catalog: The AAVSO Photometric All-Sky Survey,
https://www.aavso.org/apass
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Table 1 Light levels at 0.25 and 0.75 orbital phases and their
differences in light curves of CN And.

B 1% R
0.75 (Max. Light) -1.032(5) -0.531(4)  -0.185(5)
0.25 (Max. Light) -1.081(4)  -0.577(4)  -0.232(3)
Am(mo.75 — mo.25) 0.049 0.045 0.047
(Am)x 1000 49(9) 45(8) 47(8)
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Fig.1 Observational points of CN And with theoretical light
curves corresponding to parameters obtained from the simultane-
ous solution of BV R light and radial velocity curves. Continuous
black lines indicate the case of a dark spot and a hot spot. The
dash-dotted red lines signify the case without spots.

limiting values. Although the third light was set as a free
parameter, we could not find a meaningful third light con-
tribution and therefore it was negligible during the analy-
sis. Combining our photometric data with the radial veloc-
ities of components given by Rucinski et al. (2000), a si-
multaneous analysis of light and radial velocity curves was
obtained. The results are given in Table 2 together with
previous studies. A comparison of theoretical fits and ob-
servational data for the light and radial velocity curves can
be seen in Figures 1 and 2, respectively. Geometric config-
uration at orbital phase 0.25 with the dark and hot spots is
illustrated in Figure 3.

4 LONG-TERM ORBITAL PERIOD CHANGES

The orbital period of CN And is changing, as revealed in
several studies based on eclipse times (e.g. Cicek et al.
2005; Lee & Lee 2006). All published results on the anal-
ysis of O — C data indicate that its period is decreasing. In
order to update the orbital period analysis and to uncover
any possible changes, we collected all published minima
times (CCD, photoelectric and visual) from the literature
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Fig.2 Observational and theoretical radial velocity curves of
CN And. Filled circles represent the primary component and #ri-
angles indicate the secondary component.

Fig.3 Geometrical structure of components of CN And at orbital
phase 0.25.

and the new times of four primary (I) and seven secondary
minima (II) were obtained during observations. Observed
eclipse times of minima and their errors, which were de-
termined by using the method of Kwee & van Woerden
(1956), are given in Table 3. These minima times are given
as averaged values of the eclipse times obtained in BV R
colors during the same night. In order to analyze variations
in the orbital period of the system, we used the O — C
method, as applied in many studies (e.g Soydugan 2008;
Yang et al. 2010). In the O — C' diagrams of CN And, the
orbital period changes can be seen clearly. We discovered
a periodic signal in the O — C' data in addition to a down-
ward parabola, as noted in all previous studies on the or-
bital period variations. Therefore, both parabolic and peri-
odic variations were considered for analysis.

As demonstrated in Figure 4, the general trend of
O — (' data can be represented by a downward parabola
indicating an orbital period decrease. In this case, the fol-
lowing equation is used to model the O — C' data

HJD (Minl) =2458000.3841(5)
+0.46278940(4)4 x E (1)
—9.60(4) x 107! x E%.
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Table 2 Result of analyses of simultaneous light and radial velocity curves obtained by the WD method.

Parameter van Hamme et al. Cicek et al. Lee & Lee Siwak et al. This Study
(2001, UBV) (2005, BV R) (2006, BV RI) (2010, BV RI) (BVR)

To (HID+2400000) 50698.9430(1) 52185.4226(1) 46711.5318(8) 52500.1204 58000.3841(5)

P (d) 0.4627952(35) 0.46278845(3) 0.46279252(1) 0.46279081 0.46278940(4)

(%) 68.51 (17) 68.02 (15) 69.9 (1) 69.416(92) 67.802 (145)

T (K) 6500 6500 6500 6450 6350

T>(K) 5922 (24) 5947 (12) 5890 (4) 4726(34) 5732 (35)

Q1 = Qo 2.654 (4) 2.667 (6) 2.658 (2) 2.6403(12) 2.651 (3)

q 0.3885 (22) 0.3935 (20) 0.390 (1) 0.385(5) 0.387 (4)

a(Rg) 3.066 (3)5 3.16 (2) 3.00 (1) 3.163(22) 3.14 (1)

Vy (kms™1) -24.2(1) —25.89 (66) -22.3(9) —23.47(63) -25.54)

Ap = As 0.5 0.5 0.5 0.5 0.5

g1 = g2 0.32 0.32 0.32 0.32 0.32

Li/(L1+ L2)B 0.8087 (61) 0.7982 (26) 0.8140 (29) 0.927(2) 0.808 (4)

Li/(L1 + L2)y 0.7858 (56) 0.7782 (26) 0.7890 (25) 0.912(2) 0.796 (5)

Li/(L1+ Lo)gr - 0.7649 (22) 0.7737 (23) 0.897(1) 0.782 (5)

Li/(L1 + L2)r - - 0.7618(21) 0.827(1) -

Lo/(L1+ L2)B 0.191 0.2018 0.1860 0.073(3) 0.192

Lo/(L1 + L2)y 0.214 0.2222 0.2110 0.088(4) 0.204

Lo/(L1 + Lo)gr - 0.2351 0.2263 0.103(4) 0.218

Lo/(Ly + L2); - - 0.2382 0.127(4) -

r1 (pole) 0.435 (1) - - - 0.4347 (2)

r1 (side) 0.465 (1) - - - 0.4642 (3)

r1 (back) 0.491 (1) - - 0.4909 (3)

r2 (pole) 0.279 (1) - - - 0.2806 (2)

ro (side) 0.291 (2) - - - 0.2925 (2)

r2 (back) 0.323 (2) - - - 0.3252 (4)

Filling Rate 99 99 99 100

f(%) - - - 3 0

Spot Parameter Primary Component

0(°) 22.3 (24) 22.6 (45) 19.8 (20) - 22(3)

¢ (°) 16.9 (20) 17.5 (35) 11.5 (20) - 15(3)

r(°) 32.9 (20) 32.1(64) 34.9 (10) - 35(1)

Ty =Ts/Tx 0.650 0.650 0.650 - 0.650

Spot Parameter Secondary Component

0(°) 84 (5) 83.1(2) 87.5 (20) 90 80(2)

¢ (°) 1.1 (20) 1.3 (3) 3.6 (23) 11.49(36) 1(2)

r(°) 19.5 (18) 20.1 (4) 23.30 (21) 113.9(19) 30(4)

Ty =Ts/Tx 1.104 (13) 1.093 (22) 1.092 (14) 1.2138(72) 1.100(20)

In Figure 4, the parabolic fit to the O — C' data can
be seen. The quadratic term of @ = —9.60 x 10~ !1d
leads to a continuous period decrease rate of dP/dt =
—3.3 x 1077 d yr~! = 1.31scentury~!. The residuals
from the parabolic representation indicate clear cyclic vari-
ations. Therefore, we used two different mechanisms to
explain the periodic behavior of the orbital period of the
system.

4.1 Third Body

Unseen components physically connected in a binary sys-
tem produce periodic changes in the O — C' diagrams. In

this study, taking into account the distribution of O — C'
data of CN And, we used the following formula to calcu-
late minima times

HJD (Minl) =2458000.3841(5)
+0.46278940(4)4 x E )
—9.60(4) x 107 x E? + At .

In this equation, the first three terms on the right were
obtained from the parabolic representation. At is the time
delay that resulted from the third component in the close
binary system. The basic expression for modeling periodic
variations in O — C' diagrams resulting from the light-time
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Table 3 New Minima Times of CN And

Filters Minima Times Errors Type
(HID+2400000) (I/11)
V,R 56468.5473 0.0001 I
B,V,R 56528.4799 0.0003 1I
VR, 1 56555.3202 0.0003 1I
B,V,R 57977.4765 0.0003 1I
B,V,R 57990.4353 0.0002 I
B,V,R 58000.3830 0.0002 I
B,V,R 58000.3841 0.0001 I
B,V,R 58009.4085 0.0003 1I
B,V,R 58013.3405 0.0002 I
B,V,R 58035.3227 0.0002 1I
B,V,R 58041.3402 0.0001 1T

Table 4 Parameters and their errors from O — C' analysis
based on LITE and quadratic representation for CN And.

Parameter Value

To (HID+2400000) 58000.3841(5)
Py, (d) 0.46278940(4)
Q () —9.60(4) x 10~ 11
a12 sini (AU) 0.72(5)

e 0%

w (°) 90¢

T’ (HID+2400000) 54579(658)
P12 (yn) 38(4)

flims) (Me) 0.00025(5)
m3 (Mo)

(i = 90° for) 0.10

Notes: ¢ Adopted.

effect (LITE) was first given by Irwin (1959)

CY

12 S111 12

At =——
c

) (3)
X e sin(v/ + ') + €’ cosw’
1+ e cosv/ ’

where a12,1%’, ¢/, v’ and w’ are the semi-major axis, inclina-
tion, eccentricity, true anomaly of the position of the binary
system’s mass center of orbit and the longitude of the peri-
astron of the orbit of the eclipsing binary around the third
component, respectively. The resulting parameters found
from O — C' analysis are listed in Table 4. The parabolic
and LITE representations are seen together with the O — C'
data in Figure 4, while only the LITE fit is indicated in
Figure 5.

4.2 Applegate Model

In binary stars, when at least one of the components has
a convective outer envelope, magnetic activity may be ex-
pected. In this case, the orbital period of these active sys-
tems may indicate cyclic orbital period variations, as dis-
cussed for several systems (e.g Qian et al. 2004; Zhang
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Table 5 Applegate Parameters of CN And

Parameter Value

Pmod (yf) 37

AP/P 1.95 x 1076
AJ (ergs™1) 1.0 x 10%7
AQ/Q 0.0003

AE (erg) 1.1 x 1040
Is (g cm?) 1.9 x 1054
ALpms (L) 0.007

B (kG) 4.0

et al. 2014). Applegate (1992) proposed a model to in-
terpret cyclic orbital period changes in binary stars that
showed magnetic activity. According to this model, the
O — C variations of CN And resulted from a magnetic cy-
cle that can be seen in cyclic form and are represented by
the following equation

HJD (MinI) =2458000.3841(5)
+0.4678940(4) x E

+ —9.60(4) x 107! x E? “)
+ Amod sin |: 27 (E - T:’):| )
mod

where Apod, Pmod and Ty are the semi-amplitude, period
of sinusoidal changes and time of minimum of sinusoidal
variation, respectively. Values of linear and quadratic terms
were used as calculated in the previous section since we
could not find a meaningful variation during the analysis.
In this model, we assumed that cyclic variations of the
orbital period resulted from magnetic activity of the pri-
mary component. The equation was applied to the O — C
data using the regression method and the parameters of the
sinusoidal variation were obtained with their errors. The
resulting parameters (Pyoq = 37 £ 4yr and Apoq =
0.0042 £ 0.0004 d) were used to calculate the model pa-
rameters defined by Applegate (1992), which are listed in
Table 5. Application of the model for various eclipsing bi-
naries and explanations of the Applegate parameters are
given in various studies (e.g. Soydugan 2008; Khaliullina
2017).

5 RESULTS AND DISCUSSION

From the photometric solution based on new CCD light
curves, CN And is a shallow contact binary system with
0.387 £+ 0.004. The system can
also be classified as a near-contact binary according to the
study of Zhu & Qian (2009) since both components are in
marginal contact and have different surface temperatures
(AT =~ 620K). The results indicate that the system is
probably at the early contact phase. In order to study the

a mass ratio of ¢ =
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Fig.4 Upper panel: Distribution of O —C' data, parabolic (dashed line) and parabolic plus cyclic representation (solid line) for CN And.

Bottom panel: Residuals from best fit.
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Fig.5 Periodic variation of O — C data for CN And with its theoretical representation calculated using LITE (continuous line).

transition process from the near-contact or early contact
phase to deeper contact phase, CN And is a noteworthy
example since the inner Roche lobes of the components
have only recently been filled. Multi-color light curves of
the system have asymmetries, as noted in previous studies,
probably due to magnetic activity of the massive compo-
nent and mass and/or energy transfer from the primary to
the secondary companion (see Tables 1 and 2). The com-
plex nature of the asymmetric behavior was modeled with
a hot spot on the secondary and a dark spot on the pri-
mary component, which may be explained by the same as-
trophysical processes. The combined solution of the radial
velocity data of the components and new CCD light curves
allowed us to calculate the absolute parameters of the com-
ponents and the orbital properties of the system. Solar val-
ues (Temr,o = STT7TK, Mpe1,o = 4.74mag) and also bolo-
metric corrections of the components are from Drilling &

Landolt (2000). The resulting basic astrophysical parame-
ters are listed in Table 6 and agree well with previous stud-
ies by Cigek et al. (2005); Siwak et al. (2010). The photo-
metric distance of the system was found to be comparable
with Gaia Data Release 2 (DR2) results within 20 (Gaia
Collaboration et al. 2016, 2018).

In order to compare several marginal contact binaries
and also review their evolutionary status, we plotted their
components on the plane of log T.g — log L (see Fig. 6).
The components of four weak contact binaries: CN And
(this study), PY Vir (Zhu et al. 2013), BX And (Yakut
& Eggleton 2005) and TT Cet (Deb & Singh 2011), can
be seen in Figure 6. Evolutionary tracks, and ZAMS and
TAMS lines were formed based on MIST models for single
stars and solar chemical composition (Paxton et al. 2011,
2013, 2015; Dotter 2016; Choi et al. 2016). As shown in
Figure 6, the primary component of CN And is located in
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Table 6 Basic astrophysical parameters and their probable errors for CN And

Parameter van Hamme et al. (2001) Cigek et. al. (2005) Siwak et. al. (2010) This Study
My (Mg) 1.30(5) 1.42(3) 1.433(30) 1.40(2)
My (Me) 0.51(2) 0.56(2) 0.552(20) 0.55(1)
Ri(Rp) 1.43(2) 1.48(1) 1.48(3) 1.45(2)
R2(Rp) 0.92(1) 0.94(1) 0.95 0.94(2)
T1 (K) 6500 6500 6450 6350 (200)
Ts (K) 5922(24) 5947(12) 4726 5732 (200)
log g1 (cgs) 4.24 4.25(1) — 4.26(1)
log g2 (cgs) 4.22 4.24(1) — 4.23(2)
M, 01,1 (mag) 3.46 3.38(2) — 3.49(2)
M, 01,2 (mag) 4.83 4.75(4) — 4.91(4)
Li(Lg) — 3.52(7) 3.40 3.4109)
Lo (Lg) — 0.998(34) 0.40 0.93(4)
E(B-YV) — — — 0.07(1)
d (pc) — 210(15) — 181(13)
dGaia (pO) 201(2)

Table 7 Four Near-contact Binaries with Orbital Periods and Basic Parameters

System Period Spectral Type System Type O — C Variation Type Reference
BX And 0.61011201 F2v(2 Contact binary Downward Par.+Sinusoidall!] [1,2]
TT Cet 0.4859541] F4V[3] Contact binary Downward Par.[1] [1,3]
RV Crv 0.7472500"] F2/K54] Near-contact binary Downward Par.[*] [1,4]
V361 Lyr  0.309614 F8/K 1] Near-contact binary Downward Par.[1] [1,5]
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References: [1] Kreiner et al. (2001); [2] Siwak et al. (2010); [3] Duerbeck & Rucinski (2007); [4] Shaw et al. (1996);

[5] Hilditch et al. (1997).

the middle of the main-sequence band, while the secondary
component is close to the ZAMS line. A less massive com-
ponent of CN And is overluminous and has a higher effec-
tive temperature. Its position on the log T — log L plot is
not compatible with the evolutionary track according to its
mass, as seen in many contact binaries. On the other hand,
the secondary components of PY Vir and TT Cet are near
the evolutionary tracks calculated by their masses, while
the cooler component of BX And is more evolved among
shallow contact binaries.

In view of the dynamical evolution of cool detached
binaries into contact binaries, Eker et al. (2006) defined a
border between detached and contact binaries on the plane
of log Jy —log M. Orbital angular momentum (.Jy) and to-
tal mass (M) of the system give an important clue about
the dynamical evolution of detached binaries with cool
components. Orbital angular momentum loss causes de-
tached systems to turn into contact binaries. The contact
border investigated by Eker et al. (2006) also provides a
means of checking the Roche configurations of the near-
contact and shallow contact binaries. CN And is seen in
the early contact phase and both components have recently
filled their inner Roche lobes, based on the simultaneous

light and radial velocity curves. It can be seen that the sys-
tem is located in the contact region, near the contact border
on log Jo — log M (see Fig. 4 given by Eker et al. 2006),
which supports our results obtained by the simultaneous
solution of light curves and radial velocity data. The or-
bital period analysis of the system based on O — C' data
reveals that there exists a periodic variation superimposed
on a downward parabola. Although secular changes were
noted in previous studies (e.g Cicek et al. 2005; Siwak
et al. 2010), a sinusoidal type variation was discovered
in this study. The quadratic term of the parabolic change
indicates that the orbital period is decreasing at a rate of
dP/dt = —1.5x 10~7d yr~!. Such a secular period varia-
tion can be attributed to mass transfer between the compo-
nents. Under the assumption of conservative mass transfer,
the mass transfer rate can be estimated by the following
equation (Singh & Chaubey 1986)

P 3(1-q) M
il 31-q) M 7 (5)
P q M

where M; and M are the mass of the primary compo-
nent and its rate of change, respectively. While ¢ indi-

cates the mass ratio for the components, P and P are
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Fig.6 Positions of primary and secondary components of shallow contact binaries CN And, BX And, TT Cet and PY Vir in the
log Tesr — log L plane. Evolutionary tracks, and ZAMS and TAMS lines were constructed using solar chemical composition based on

MIST single star models.

the orbital period and its decreasing rate for the system,
respectively. Based on the parameters obtained from or-
bital period analysis and the results of light and radial
curve analysis, the mass transfer rate from the more mas-
sive component to the less massive one can be calculated
as dM;/dt = —9.9(1) x 1078 Mg yr~!. As a result of
the decreasing orbital period of close binaries in the early
contact phase (and also of near-contact binaries), they will
evolve into the state of deeper contact due to shrinking of
the Lagrangian surfaces. In Table 7, some near-contact bi-
naries are listed which are very close to their inner Roche
lobes, as well as the shallow contact binaries BX And and
TT Cet. All systems in the table show decreasing orbital
periods and are candidates for becoming close binary stars
with a high degree of contact, as is the case for CN And.

In addition to secular change, the orbital period of
CN And indicates cyclic variation in the O — C' diagram
(see Fig. 5), indicated for the first time in this study. Two
possible models were used to interpret this cyclic variation:
1) the Applegate model based on a possible magnetic cycle
of the primary component of the system and ii) LITE due
to the third component around the close binary. Magnetic
activity of the primary component can cause cyclic period
variation since the light curves of the system were dis-
torted, probably due to a dark spot on the primary sur-

face as given our results in Table 2. In addition, a mag-
netic spot on the surface of the more massive component
was also used in previous studies to represent asymme-
tries in the light curves of the system (e.g. van Hamme et
al. 2001, Cigek et al. 2005, Lee & Lee 2006). Therefore,
cyclic variations in the O — C' diagram may result from
the magnetic activity process. Assuming cyclic variations
in the O — C' data can result from magnetic activity of the
primary component, we have calculated Applegate model
parameters (in Table 5). The required angular momentum
transfer between inner and outer parts of the primary com-
ponent during its magnetic cycle can be calculated to be
AJ = 1.0 x 10*"ergs™!, while luminosity variation in
the modulation period is found to be AL, = 0.007 Lg
using the equations given by Applegate (1992). All model
parameters are not far from those suggested by Applegate
(1992). In order to get more clues about the magnetic cycle
behavior, the spot activity should be followed and also data
in the high energy band should be obtained.

Another explanation for periodic variation in O — C
data is an unseen third component around the close binary
system. Therefore, we have applied the LITE to O — C
data together with the parabolic term to derive the proper-
ties of a possible third-body and its orbit using equations
common in many studies (e.g. Soydugan et al. 2003; Yang
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et al. 2010). The period of cyclic variation seen in Figure 5
was found to be 38 + 4 yr, while the semi-amplitude ob-
tained was 0.0043 £+ 0.0002d. The mass of the tertiary
companion could be calculated as mz = 0.11 M), assum-
ing that the hypothetical third component is coplanar with
the close binary (i5 = 69.7°). If the third component is a
main-sequence star, it could be a fully convective red dwarf
star and therefore, during the photometric analysis, a third
light contribution was not found. The semi-amplitude of
the expected radial velocity variation of the system’s mass
center may be about 0.6kms~!. This is very small; there-
fore, high resolution and time-spread spectra are necessary
for its confirmation.

CN And is a rarely seen important system at the
early stage of its contact phase. Systems such as this can
be very informative for studying evolutionary processes
where they pass from being near-contact or cool-detached
binaries to contact interacting binaries, and also for testing
evolutionary models. Therefore, more sensitive photomet-
ric data and high resolution spectra are required to under-
stand the nature of the system(s) in greater detail.
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