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Ozet: Bu calismada iki Giiney yarimkiire cift yildizinin (XY Ant ve
HD 295082) ilk fotometrik ¢dziimleri sunulmustur. iki sistemin
ASAS V bandi 151k egrileri Wilson-Devinney kodu ile analiz
edilmistir. XY Ant ve HD 295082'nin fotometrik kiitle oranlari,
sirasiyla, 0.941+£0.019 ve 1.033+0.068 olarak belirlenmistir. Bu iki
ayrik ¢ift sistemin bilesenlerinin mutlak parametreleri tahmin
edilmis ve ayni zamanda evrim durumlari tartisilmistir.
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Abstract: In this paper, the first photometric solutions of two
southern eclipsing binaries (XY Ant and HD 295082) are
presented. The ASAS V filter light curves of the two systems were
analyzed with Wilson-Devinney code. The photometric mass ratio
of XY Ant and HD 295082 were derived to be 0.941+0.019 and
1.033+£0.068, respectively. Absolute parameters of the
components of these two detached binaries were estimated and
their evolutionary stages are also discussed.
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1. Inroduction

XY Ant (TYC 7195-2533-1= BV 471=
2MASS ]J10181223-3648186, V=9.98
mag) was first discovered by [21] and
classified as a variable star. The system
was also listed as a new variable star by
[12]. Subsequently, the photographic
magnitude, amplitude and period of the
system were derived to be 9.5 mag, 0.7
mag and 1.837962 days, respectively, by
[20]. The period of XY Ant was then
corrected to 2.1803 days by [7]. The
spectral type of this system is listed as A5
in the SIMBAD data base. Up to now,
there have been no published studies on
XY Ant in the literature.

The second target in this paper, HD
295082  (TYC  4789-1175-1=2MASS
J06275728-0337316, V=10.28 mag), is a
fully neglected star. It is only listed as an
Algol-type binary star having an orbital
period of 2.94304 days in the ASAS (All
Sky Automated Survey) data base [15].

The aim of this paper is to determine the
absolute parameters of these two
neglected southern binary stars and to
discuss their evolution stages.

2. Materials and Method
2.1. Materials

In this study, the ASAS V filter light
curves of XY Ant and HD 295082 [15]
were used to obtain their photometric
solutions. Detailed information about the
instrument used and data reduction are
given on the web site of ASAS (see
http://www.astrouw.edu.pl/~gp/asas/a
sas.html).

2.2. Method

The ASAS V filter light curves of XY Ant
and HD 295082 were analyzed with
Wilson-Devinney (W-D) code [25]. In this
method, the star surfaces are assumed to
be equipotentials. The main light curve

fitting parameters are the orbital
inclination (i), surface potential (21,2),
effective temperature (T3,2), mass ratio
(g = mz/m1), fractional monochromatic
luminosity (L1,2), limb-darkening
coefficient  (x1,2), gravity-darkening
exponents (gi,2), and bolometric albedos
(A1,2). The subscripts 1 and 2 refer to the
primary and secondary components,
respectively.

3. Results

As a first step, to determine the effective
temperature of the primary components,
B-V color indices were calculated from
the B and V magnitudes of the systems
given by [11]. Then, the reduced color
excess of E4(B-V) was derived from the
method given by [2]. In this computation,
the model reddening of Ew(B-V) was
estimated from maps of infrared dust
emission by [19]. Finally, the intrinsic
values for the color indices, (B-V)o, were
computed using the formula of (B-
V)o=(B-V)- Ed4a(B-V). Thus, the effective
temperatures of the primary components
of XY Ant and HD 295082 were estimated
to be 6616 K and 7632 K, respectively,
using the computed intrinsic values for
the color indices, according to the color
index, spectral type and temperature
calibrations of [6]. Limb darkening
coefficients of the components of the
systems were taken from [4] and [5]
limb

according to the square-root

darkening law.

The bolometric gravity-darkening
exponents of the components were taken
as 0.32 for the convective atmosphere
(T<7200 K) from [13] and as 1.0 for the
radiative atmosphere (7>7200 K) from
[24]. The bolometric albedos of the
components for XY Ant and HD 295082
were fixed as 0.5 and 1.0 for the
convective and radiative atmospheres,
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respectively from [18]. During all
iterations, a synchronous rotation and
circular orbit for the two systems were
assumed.

As a first step, the g-search method was
carried out to obtain the photometric
mass ratios because no known
spectroscopic mass ratio exists for the
two systems. During the g-search
procedure, the mass ratio was taken as
fixed while the parameters of i, T2, 21,
()2, and L1 were adjustable in W-D code.
The search was done with detached
configuration. As a result, the values of
the weighted sum of squares of residuals,
(ZW(0-C)?), between the observed and
calculated light curves for each solution
versus the related mass ratio (q) values
are plotted in Figures 1 and 2 for XY Ant
and HD 295082, respectively. As seen
from the figures the photometric mass
ratios of the systems are around q = 0.94
and 1.00 for XY Ant and HD 295082,
respectively. Therefore, these values for
the photometric mass ratios of the
systems were taken as initial input
parameters in the second (final) step.

In the final step, i, T2, q, £21, Q2, L1 and I3
were taken as free (adjustable)
parameters. However, since the resulting
third light contribution was too small (i.e.
negligible) and within the standard
errors, this was excluded from the list of
adjustable parameters. The obtained
final results are given in Table 1. The
comparisons of the calculated with the
parameters given in Table 1 and
observed light curves and the
corresponding Roche geometries which
obtained with Binary Maker Program
(ver. 3.0, [3]) are shown in Figures 3 and
4 for XY Ant and HD 295082,
respectively.
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Figure 1. The values of the weighted sum of
squares of residuals (ZW(0-C)?) versus the
related mass ratio (q) values in g-search
procedure for XY Ant
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Figure 2. Same as Figure 1 but for HD 295082
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Figure 3. (a) Final model fit to observed Figure 4. Same as Figure 3 but for HD 295082

light curve, (b) Roche geometry of XY Ant

Table 1. Parameters of W-D model fit to ASAS V light curves of XY Ant and HD 295082.

Parameter XY Ant HD 295082
Phase Shift () -0.0010(+x0.0001)  0.0020(+0.0002)
i(°) 88.60(+0.17) 88.98(+0.75)
T: (K) 6616 7632
Tz (K) 6572(+17) 7252(+25)
q (mz/mi) 0.941(+0.019) 1.033(+0.068)
21 5.809(+0.092) 6.849(+0.070)
2 5.613(+0.120) 5.625(+0.250)
L1/Ltot (V) 0.501(+0.017) 0.409(+0.005)
r1 (mean) 0.207(+0.003) 0.173(0.001)
r2 (mean) 0.207(+0.004) 0.224(+0.021)
YW(0-C)2 0.0058 0.0108
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4 Discussions and Conclusion

In this paper, the ASAS V filter light
curves of XY Ant and HD 295082 were
solved using W-D code. The photometric
g-search procedure is a generally used
method for binary stars which has no
spectroscopic observations [e.g., 23, 17].
2014). Thus, as a first step, since there
are no spectroscopic mass ratios and/or
published radial velocities for these two
systems in the literature, the g-search
method was wused to obtain their
photometric mass ratios. Following this,
by including the g parameter in the
free/adjustable parameters of
iterations, the final photometric
solutions of XY Ant and HD 295082
obtained. As result, the
photometric mass ratios of XY Ant and
HD 295082 were obtained to be
0.941+0.019 and 1.033+0.068,
respectively. The final models show that
these systems are detached
eclipsing binaries. According to the
obtained results, the primary and
secondary components of the systems
fill their Roche lobes as 64% and 65%
for XY Ant, and 60% and 69% for HD
295082, respectively.

were a

two

As there radial velocity
measurements for XY Ant and HD
295082 in the literature, the following
method was used to estimate the
masses of the components of these
neglected systems. The mass of the
primary component was estimated from
the calibration color index and masses
under the assumption that the primary
component was a main-sequence star.
Then, the mass of the secondary

component was computed using the

are no

mass ratio and mass of the primary

component. the distance
between the centers of the components

was calculated from Kepler’s third law.

Finally,

The estimated absolute parameters are
given in Table 2. In the calculations, the
solar values of the parameters of
effective temperature (Tetf), bolometric
magnitude (Mbol), bolometric correction
(BC) and surface gravity (g) were taken
from [14]. In order to estimate the
uncertainties of the other absolute
parameters, a possible error of 0.10 Mo
for the mass values were assumed.
Because the modern  empirical
calibrations of M and R for single main-
sequence stars yield M and R within
errors of 6 and 3%, respectively [see,
e.g. 22]. On the other hand, considering
the error of approximately 0.05 of the
color indices given by [11], the error of
the effective temperatures of the
estimated primary components was
taken as 200K.

To determine the distances of these two
systems, the bolometric corrections for
the components were derived from the
tabulation of [9], according to their
effective temperatures. Using the
reduced color excess calculated as
described in the first paragraph of
Section 3, the interstellar extinction was
computed with Av = 3.1xE(B-V) in V
band. Then, the distances to XY Ant and
HD 295082, which are corrected for
interstellar absorption, were predicted
as 410+46 and 682+64 pc using the
distance modulus. Also, the eclipse-
parallax method of [16] gave us 40950
and 686+66 pc for the distances to XY
Ant and HD 295082, respectively. On
the other hand, according to the GAIA
database [10], the distance to the
systems are 383+47 and 518+70 for XY
Ant and HD 295082, respectively.
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Finally, there is a very good agreement
between distances determining from
the photometric parallax method and
eclipse parallax method, while there is a
discrepancy between distances from
GAIA and those based on photometric
results for especially HD 295082.

In order to estimate the evolutionary
status of these two systems for solar
metallicity of Z=0.014 [1], the Geneva
evolutionary models [8] were used. For
this, the log(time)-radius diagrams
were plotted in Figures 5 and 6. In
these diagrams, the growth of the mean
stellar radii for a given stellar mass is
displayed (black solid and dashed lines
for the primary and secondary
component masses, respectively).
These diagrams show that the mean
dynamic ages are approximately 3.55
and 1.30 Gyr for XY Ant and HD 295082,
respectively.

In order to derive more reliable
absolute parameters and to discuss
their evolution stages, radial velocity
measurements for these two neglected
systems are necessary.

Table 2. Estimated absolute parameters of XY Antand HD 295082.

Parameter XY Ant HD 295082
Primary Secondary Primary Secondary

Component Component Component Component
A (Ro) 9.87(+0.93) 13.29(%2.79)
M(Moe) 1.4(0.10) 1.32(x0.12) 1.8(+0.10) 1.85(0.23)
R(Ro) 2.07(+0.49) 2.07(+0.59) 2.26(+0.74) 2.92(£1.54)
log g (cgs) 3.95(x0.22) 3.93(x0.21) 3.99(x0.26) 3.77(x0.4)
T (K) 6616(+200) 6572(x201) 7632(x200) 7252(+202)
L(Lo) 7.42(£1.44) 7.21(%1.98) 15.64(x1.81) 21.19(2.47)
Mbya (mag) 2.58(%0.65) 2.61(x0.75) 1.77(x0.82) 1.44(+1.27)
d (pc) 410(%46) 682(+64)
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Figure 5. Locations (symbols) of the components of XY Ant in Log(time)-radius diagram and

26 T T T — T T T
I XY Ant /
24+ / -
——14M, /
I 132M, /
® Primary Component /
22 - O Secondary Component |I 7
| i
20 1 //./ ' i
- ./'//
18— .
16 - B
T T T T T T T T
9.40 9.45 9.50 9.55 9.60
log (time)

their Geneva evolutionary models (lines)

Radius (R )

9.65

34

HD 295082

—18M,

@® Pumary Component
O Secondary Component

95

—
900 905 o

log (time)

Figure 6. Same as Figure 5 but for HD 295082
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