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Abstract The study of W UMa binary systems give a wealth of informatdwout its nature
as well as about its parent body (if any), like clusters. Ia ffaper, we present the | passband
photometric solutions of four W UMa binaries in the open tdu8erkeley 39 using the latest
version of W=D program. The result shows that, two binaryesys are W-subtype W UMa
binary systems and another two systems are H-subtype W UN&ybsystems. No third
body is found in any of the four systems. We found a correfalietween the period and
mass-ratio as well as temperature and mass-ratio for tpectge variables which is similar
to the relationship between mass ratio and total mass ofihict binaries as shown by van't

Veer (1996) and Li et al. (2008).
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1 INTRODUCTION

The old open cluster Berkeley 39 is located in the directibthe galactic anti-centrenfoo=7"46m48°,
82000=-4°40 , 1=223.58, b=10".1). A systematic survey of Berkeley 39 revealed 12 shoribgezclipsing
binaries (Kaluzny et al. 1993) and later found 5 more vadatars in which one is W UMa type binary
system (Mazur et al. 1999). The study of Color Magnitude Biag(CMD) of Be 39 along with Padova
stellar evolutionary models (Girardi et al. 1998) yieldssgye of around + 1 Gyr (Carraro 1998). Similar
age constraint was proposed by Kassis et al. (1997) usingtiseer CMD along with theoretical models
by Bertelli et al. (1994). Applying theoretical and recehservational constrains, Percival & Salaris (2003)
have found an age of around #5.0 Gyr. The de-reddened distance moduli for Be 39 is foundeto
12.974-0.09 along with metallicity, [Fe/H]= - 0.150.09 (Percival & Salaris 2003).

Since no photometric analysis is carried out for the ealig&iinaries present in Be 39 cluster, we have

analyzed the light curves of four eclipsing binary systends\,V7 and V8 which have relatively high
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and Be 33 (Rukmini & Vivekananda Rao 2002, Rukmini et al. 20B88om the analysis performed on these
systems, it was found that the mass-ratios were close tg and in one case greater than unity (Rukmini
& Vivekananda Rao 2002, Rukmini et al. 2005). A detail spesatopic observation was suggested to know
the true nature of these objects. The aim of the present pepederive the photometric elements of the
selected four W UMa systems discovered in Be 39 using thetldteD program and compare with the
binaries studied in other clusters. Further it is also airntedxplored the possible correlation from the

derived parameters.

2 DATA AND ANALYSIS

The observations were carried out by Kaluzny et al. 1993at#s Campanas Observatory using the 1.0
m Swope telescope with 1k X 1k CCD in | passband along with B\apassbands on the last day of the
observation cycle. The data was collected on the followingays in November (1990 Nov 29), December
(1990 Dec 1, 2), January (1991 Jan 1, 29) and February (19926 We have used the | passband data
published in that paper to obtain the photometric pararaetighe respective systems (V1,V4,V7 and V8).
Further observations of the cluster were carried by the sgnoep during 1992/1993 and they discovered
new variable stars along with previous ones. Out of the tbfalariable stars discovered in Be 39 12
variables belongs to EW type, 3 of EA type, WiScuti and 1 is EB type. Kaluzny et al. (1993) have found
that, four variables are blue stragglers which mimics thleticurves of W UMa type binaries (V1, V2, V10,
V12).

The observed data of selected variables in cluster Be 39aiteghto obtain the respective light curves
(see Fig 1). All of them have amplitude greater than 0.4. Tieesp of the variables were calculated using

the accurate periods published in Mazur et al. (1999).

3 PHOTOMETRIC SOLUTIONS

The photometric solutions were obtained by using latess®Devinney program with an option of non-
linear limb darkening via a square root law along with maniyeotfeatures (Wilson & Devinney 1971,
Van Hamme & Wilson 2003). The visual inspection of thesealalges resembles W UMa type nature vari-
ability and hence mode 3 was used in the program. The paresvagtepted in the solutions are as follows:
the effective temperature for star 1 is taken on the basisetddened B-V values published by Mazur et
al. (1999) and using the Allen’s table (2000). The secondargponent effective temperaturg.(.) was
assumed to be equal to primary component’s temperaturevalbies of limb darkening coefficients;, %
X. = 0.80 for | band were taken from AlNaimy (1978). The grauitgrkening coefficients & G, for |
passband was set to 0.32 and the values of albgd& A . was fixed at 0.5 which is appropriate for the
convective nature of the component stars.

Since no spectroscopic observations are available forghiahles, We had to constrain the most impor-
tant parameter mass-ratio g=m2/mZ1. In order to find the dgewof mass-ratio, we executed the code for
various assumed values of mass-ratio keeping in the mirtdhtbaurface potentialy;,=¢2.) also changes

with respect to mass-ratio. Initially all the parametersevixed as mentioned above, except g and i which
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the DC program was executed to obtain the mininwi(O-C)2. After performing several computational
runs, we found the best mass-ratio value for the respeatjliedurves. The Tablgl 1 show the valuesbf

for different combinations of g and i.

After obtaining the best set of g and i, the DC program was @begtto obtain the values of the fol-
lowing parameters i.e. inclination (i), secondary compuriemperaturel .), surface potential(§) and
monochromatic luminosity of primary component,jl-third light parameter (}) and limb darkening co-
efficients (%, & X.) . The program was executed till the sum of residd#/(O-C) attained a minimum.
The result of the final analysis are shown in Tdble 2. Usinditted parameters given in Table 2, theoretical
light curves were computed using the LC program of Wilsowibreey and the fits are shown in fify 1. The
quality of the fits were checked by performing chi squay®) test on thes W (O — C)? values obtained

and the confidence level were found to be about 95% for alldheVariables.

4 DISCUSSION AND RESULT

The study of W UMa variable systems present in clusters apaitant in-order to understand the under-
lying physics of there formation and also provides somerimfttion of the parent cluster. In this paper,
we have analyzed four eclipsing variables present in olsha@bester Berkeley 39. We used the latest W-D

program to derive the photometric solutions. The resultashef the system is discussed below.

4.1 VariableV1

The proper sinusoidal variation of the light curve indicateards W UMa type binary nature. The period
of the system is around0?.4052 and B-V=0.66 which corresponds to G5 spectral typduity et al.
1993, Mazur et al. 1999). The maxima and minima are not thesarhe | passband and the difference is
more clear in V passband. The best combination of q and i camntode 1.8 &~ 68° respectively. The

computed values of the effective temperature of the prirmad/secondary show a difference of 200 K.

4.2 VariableV4

The observed and theoretical light curve suggest that thabla is W type W UMa binary system. The
period of the system is aroundd)?.3813 and the B-V=0.66 value correspond to G5 spectral fiipe light
curve maxima and minima are equal in | and V passbands andféfutive temperatures of the primary and

secondary component are nearly same. The best combinatipanal i is 1.31 &~73° respectively.

4.3 VariableV7

The period of the W UMa binary system is arour@?.2780 and the value of B-V=0.82 suggests KO
spectral type. The maxima and minima of the light curve atsame in 1 and V passbands and its difference

is comparatively more in the V passband. The best combimati@y and i came out be 1.38 and 67°
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4.4 VariableV8

The period of the variable was found to b®.22288 and value of B-V=1.02 indicates K2-K3 spectral
type. The maxima and minima of the light curve are equal ihbaind V passbands. No temperature
difference is found between primary and secondary compsn€his variable has a high inclination angle

~ 83 compared to other variables mentioned above. The mass isdtund to be-1.47.

Here we have taken the inverse mass-ratio values for fudiseussion. The inverse mass-ratio (g*)
values for the studied variables are q*=0.55 for V1, q*=0fai6v4, q*=0.72 for V7, q*=0.68 for V8. The
variables V4 & V7 belong to H type W UMa binary systems, as ehmiass-ratio values are greater than
0.72 according to Csizmadia & Klagyivik (2004). The H-syleyclassification of contact binaries is the
result of luminosity ratio vs energy transfer parametedgtand it was found that the energy transfer rate
is less efficient when compared to other contact binary ¢@Gsizmadia & Klagyivik 2004). Qian (2001)
has studied 30 W type W UMa binary systems and found that itmatso g>0.4 then the period increases
and if g<0.4 the period decreases with respect to mass-ratio. Thidtris explained by the contact
configuration of the systems is due to variable angular moameross (AML) mechanism and thermal
relaxation oscillation (TRO) cycle (Qian 2001). Since theuit is based on a small sample, it cannot be
extended to other W UMa contact binary systems and if it isshefect then theoretical interpretation is

needed.

In our study of variables in the open cluster Be 39, four W UMatems (two W-subtype and H-
subtype) have mass-ratio greater than 0.4 suggestinghéatare in period increasing phase according
to Qian (2001). It was found that for all the W-subtype W UMatsyns the period increases along with
temperature (Rucinski 1998). Our results indicate thatsanaso is increasing along with the period of the
respective binary systems. We have looked for the lightesolutions of W UMa type contact binaries
(Csizmadia & Klagyivik 2004) whose periods are smatio(?28) and posses relatively high mass-ratio
value (g>0.55) and we found that there are total 7 W UMa type systemsfouhich 4 are H-subtype and
remaining are W-subtype. The V1 variable in NGC 6791 (Rukmiral. 2005) also falls in this category
(period 092677 & mass-ratio, q*=0.83). For all these W UMa systemstlass-ratio increases along with
the respective period (Fig 2). The derived photometric pnate of three variables i.e V4, V7 & V8 (V1
is not the member of the cluster) and CMDs published by Matzat.€1999) show a correlation between
temperature and mass-ratio viz. the temperature incredseg with the mass ratio for the respective vari-
ables. The fractional change in the mass-ratio is abolit percent for a fractional change©f16 percent
in temperature of the primary component of the respectiveabke. The mass ratio q changes from 0.68
to 0.76 for a temperature change of 4652 K - 5507 K, which issistent with the study carried out by
Rucinski (1998) (see Fig. 4, Fig. 5 & Fig. 6 in Rucinski (1998)he relationship between mass ratio and
orbital period and a relationship between the effectivepterature and mass ratio for variables in cluster
Be 39 are similar to the relationship between mass ratio atad mnass of the contact binaries as shown

by van't Veer (1996) and Li et al. (2008). To confirm the pho#trit mass ratio of the variables in Be 39,
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Table 1 The values oft for various combinations of g and i, for V1, V4,V7 and V8 vélies

(see the text).

V12 V4 V7 V8
q i > i > i > i >
05 0122 0084 0535 0099 1076 0.043 1025 0.107
0.6 0322 0074 1476 0063 22023 0035 2749 0.094
0.7 07.88 0.065 3071 0.051 3354 0027 37.87 0.081
0.8 11.32 0.055 41.84 0.039 4266 0021 47.30 0.069
0.9 2161 0046 5198 0028 50.64 0014 56.62 0.055
1.0 31.38 0038 59.68 0018 56.862 0.008 63.10 0.041
11 3890 0031 6504 0009 61.891 0.004 6831 0.028
12 4583 0024 69.20 0.003 6577 0.0017 7210 0.018
1.3 5170 0018 72.66 0001 69.08 0002 7530 0.010
14 57.62 0010 7567 0003 7198 0005 7822 0.0052
15 60.14 0007 78.48 0009 7416 0011 80.98 0.0035

1.6 63.25 0.004 81.19 0.018 - - 84.125 0.005
1.7 6583 0.0018 83.11 0.028 - - 87.90 0.010
1.8 68.194 0.0017 84.26 0.120 - - 92.12 0.017

1.9 70.23 0.0032 - - - - - -
20 7242 0.0065 - - - - - -

2 Variable name
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Fig.1 The figure shows the best fit to the | passband light curve ofdhevariables present
in Berkeley 39. The filled circles represent the observed dat filled triangles represent the

theoretical points.
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Fig.2 The figure shows increasing trend of period vs mass-ratie. dlhis symbol represents
the W-subtype, star symbol represents the H-subtype, dotdyesent the V1 variable in NGC
6791 and filled box symbol represent the variables V7 & V8 i3Be
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Table 2 The Photometric elements obtained for four variables bygigV-D method.

Element V1 V4 V7 V8
Period (days) 0.4052 0.3813 0.2780 0.2288
TenlK 5560 5560 5150 4700
Te,e K 52914+-84 550477 4900:84 4652+50
q* 1.80 1.31 1.38 1.47
qrP 0.55 0.76 0.72 0.68
i° 68.24+0.50 72.97-0.46 66.68-0.48 83.040.92
Q 4.7426+0.0038 4.205%0.0024 4.20430.0037 4.586&0.0043
fe .1338 .0315 0.2997 0.1050
Th pole  0.31870.0032 0.33320.0031 0.338#0.0021 0.314%0.0020
point  0.4152-0.0041 0.456&0.0043 0.45280.0041 0.393&0.0052
side  0.33280.0022 0.34820.0022 0.35470.0025 0.32720.0032
back 0.362#40.0023 0.38030.0030 0.3854:0.0030 0.3556:0.0035
Te pole  0.3862-0.0022 0.37820.0021 0.370%0.0021 0.37820.0038
point  0.498@-0.0041 0.51230.0042 0.49120.0033 0.471&0.0062
side  0.4073:0.0042 0.3986:0.0030 0.38980.0028 0.39840.0042
back 0.435%0.0050 0.42840.0032 0.41930.0031 0.424%0.0041
th 0.4565+0.0123 0.444&0.0098 0.49910.0153 0.41720.0098
L 0.5435 0.5551 0.5008 0.5821
L3 0.0 0.0 0.0 0.0
Zh 0.80+0.05 0.8@:0.05 0.8@:0.05 0.8@:0.05
Tc 0.80+0.05 0.8@:0.05 0.8@:0.05 0.8@:0.05
% 0.00132 0.00121 0.00146 0.00285
Spectral type G5 G5 KO K2-K3
e 0.5 0.5 0.5 0.5
Al 0.5 0.5 0.5 0.5

Fixed parameters

inverse mass-ratio

Fill-out factor

In units of total system at phase 0.25



	Introduction
	Data and Analysis
	Photometric Solutions
	Discussion and Result
	Variable V1
	Variable V4
	Variable V7
	Variable V8


