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Abstract A photometric study of a contact binary system, GV Leo is enésd. New
observations were done using B¥Rfilter bands. We find that a revised orbital period
is 0.26673171d and the orbital period of this system is deing at a rate of P/

dt = —4.95 x 1077 d yr—!. The photometric solutions are fairly well fitted at a mass
ratio of ¢ = 0.1879, with a fillout factor of = 17.74%. The results indicate that there
exists mass transfer from the more massive component teshariassive one at a rate
of relative mass exchange,; /m = —1.09<10~7 yr—1. It is possible that this weak-
contact system, that shows a decreasing orbital period umagrgo contraction of the
inner and outer critical Roche lobes and evolve into a deeyact binary.
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1 INTRODUCTION

EW-type binaries have been widely investigated over thé gaseral decades by using both pho-
tometric and spectroscopic methods. It is well known thaséhbinaries are classified into two
subtypes (Binnendijk 1970). If the more massive comporegatlipsed by the less massive one at
primary minima, the system is called A-type. On the otherdharsystem with the opposite feature
is called W-type. Some authors suggested that W-type sgshewe evolved from A-type ones by
mass loss (e.g. Gazeas & Niarchos 2006; Rucinski 1985),assethers disagreed (e.g. Maceroni
et al. 1985; Hilditch et al. 1988). However, van Hamme (198%] Li et al. (2008) argued that there
is no difference between the evolutionary behaviors of iles.

These systems are believed to be formed from detached ésnarhich are losing angular mo-
mentum and decreasing orbital period by a process calledl@nmomentum loss (AML) (e.g.
Vilhu 1981; Rucinski 1982; Li et al. 2004). Under a simplifgi assumption that the mass and an-
gular momentum are conserved, contact binaries evolve iroeeps of mass exchange between
both components, which changes their orbital periods dedtaftheir inner and outer critical Roche
lobes. Another theory, known as thermal relaxation og@ite(TRO), predicts that the binaries could
evolve in a cycle around the marginal contact state, oscijebetween contact and semi-detached
configurations, depending on the thermal time scale (e.gy 1976; Robertson & Eggleton 1977).
Qian (2001, 2003) proposed that the combination of the TR{Dtla@ variable AML can explain the
relation between variation of the orbital period and mase far W-type contact binaries, in the
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sense that the period change is controlled by the mass Ta@se indicate that the change in orbital
period acts as a crucial tracer of the evolution of contatatyi systems.

Hut (1980) suggested that if the total spin angular momeriguess than one-third of the orbital
angular momentum, these systems are still stable. Howthesdynamical evolution could induce
contact binaries to evolve into systems with a lower mads &atd tidal instability forces these
systems to merge into rapidly rotating single stars (Li e2@D8). Furthermore, Rasio & Shapiro
(1995) indicated that the decrease in orbital period of @amiinary, controlled by the AML, could
pull both components sufficiently close together, bringimg system into a dynamically unstable
state, and then forming a single rapidly rotating star.

A contact binary system, GV Leo (RA(2000) ="M0™59.17, Dec.(2000) = 1852 30.1")
was first identified as an EW-type by Bernhard (2004). Samat €006) reported that this system
showed an orbital period of 0.266758 d, with a mass ratiol896 and a weak-contact configuration
(a Roche lobe fillout of 23%). The O’Connell effect was evigevhich indicates magnetic spot
activity occurred.

In this study, new CCD photometric data of GV Leo were usecht@stigate the change in
orbital period, derive photometric solutions and investiigthe rate of mass transfer between the
components. Observations are explained in Section 2. @élous of the orbital period and the
change in period are described in Section 3. Section 4 desctihe photometric solutions. Finally,
Section 5 contains discussion and conclusions.

2 OBSERVATIONS

Imaging data of GV Leo were obtained from the 0.5-m teles@if@irindhorn Observatory, Chiang
Mai University. The observations were done using an SBIG G@Ddel of ST10-XME), with
exposure time of 90 seconds. The photometric data of GV Lee veéen during four nights (2011
February 4-7) using thBVR filter bands. We have obtained 248 observations per filted tfan
GV Leo. The photometric software package IRAF was used togethe observed data and measure
differential magnitudes in thBVR bands.

The differential magnitudes of GV Leo were determined usB§C 1419-1147 (RA(2000)
= 10"11™ 29.85, Dec.(2000) = 1657'51.4") and GSC 1419-0805 (RA(2000) = 111™51.30,
Dec.(2000) = 1650'12.9") as comparison and check stars, respectively. The photicrdeta are
listed in Tablel. The amplitudes of light curve variations are approximade#3, 0.41 and 0.39 mag,
forthe B-, V- and R-bands, in that order. There is a magnitude difference kesttlee two maxima.
The O’Connell effect is found to be a positive type, i.e., M@t phase 0.25 is slightly brighter than
Max.ll at phase 0.75, with a comparable level of light at the tminima. This is in contrast to what
Samec et al. (2006) reported as the opposite type.

3 CHANGE IN ORBITAL PERIOD

New CCD photometric data of GV Leo showed eight times of lighhimum in theBVR filter
bands. Four primary and four secondary minima were founddatermined using a least-squares
method for each filter band. The times of light minimum in thigdy were combined with those
from literature, to estimate the orbital period, as showMatle 2. The HID at light minimum
times were fitted with a linear least-squares method andekeltryielded the orbital period of
0.266731714£0.00000013) d as shown in Equatidr).(

Min.I = HJD2455597.2891(+0.0007) 4+ 0.26673171(+0.00000013) x E. 1)

The (O — C) values of those eclipse times were determined as listealie® and the least-
squares fitting solution yields Equatio?)( The coefficient of the quadratic term indicates that the
orbital period decreases at a rateléf/dt = —4.95 x 10~ d yr 1.

(O —C) = —0.0012(£0.0004) — 1.80(40.29) x 1075E — 1.81(+0.28) x 107'9E2.  (2)
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Table1l New CCD Photometric Observations in tf#/R Bands for GV Leo
HID Amp HID Amy HID Amp HID Amp HID Amy HID Amp
2455590+ 2455590+ 2455590+ 2455590+ 2455590+ 2455590+
7.2152 -0.162 7.2141 -0.223 7.2130 -0.299 8.2046 0.151 38.200.055 8.2023 -0.065
7.2194 -0.178 7.2183 -0.238 7.2171 -0.312 82085 0.198 78.200.108 8.2063 —0.011
7.2231 -0.175 7.2220 -0.238 7.2209 -0.308 8.2120 0.232 08.210.137 8.2097 0.027
7.2265 —0.172 7.2254 -0.237 7.2243 -0.314 82154 0.242 4B.210.158 8.2131 0.056
7.2299 -0.158 7.2288 -0.220 7.2277 -0.298 8.2196 0.236 88.210.161 8.2173 0.067
7.2350 —0.138 7.2339 -0.206 7.2327 -0.281 8.2256 0.232 48220.152 8.2233 0.064
7.2384 -0.129 7.2373 -0.188 7.2362 -0.275 8.2290 0.222 78.220.145 8.2267 0.053
7.2418 -0.117 7.2407 -0.184 7.2396 —-0.253 8.2324 0.196 18.230.125 8.2302 0.042
7.2453 —0.100 7.2441 -0.155 7.2430 -0.242 82418 0.079 0B.240.022 8.2396 —0.049
7.2487 —-0.080 7.2476 -0.147 7.2464 -0.232  8.2452 0.033 48.240.021 8.2430 -0.098
7.2537 —0.038 7.2526 -0.108 7.2515 —0.195 8.2487 0.006 7B8.240.049 8.2464 —0.135
7.2575 -0.007 7.2564 -0.085 7.2553 -0.182  8.2527 -0.057518.2-0.095 8.2505 -0.170
7.2657 0.059 7.2646 —0.013 7.2634 —0.109 8.2561 -0.088 58.250.120 8.2539 —0.198
7.2691 0.103 7.2680 0.027 7.2669 —0.080 8.2596 -0.092 8.258.150 8.2573 -0.231
7.2725 0145 7.2714 0.056 7.2703 -0.041 82632 -0.121 B8.26D.169 8.2610 —0.247
7.2762 0.178 7.2751 0.080 7.2740 -0.015 8.2667 —-0.132 8.269.191 8.2644 -0.267
7.2797 0.210 7.2785 0.123 7.2774 0.026 8.2703 -0.137 8.2692198 8.2681 —0.274
7.2831 0.232 7.2820 0.150 7.2808 0.052 8.2738 -0.157 8.2726212 8.2715 -0.285
7.2957 0.236 7.2946 0.162 7.2935 0.069 8.2772 -0.170 8.2760232 8.2749 —0.298
7.2992 0.210 7.2980 0.136 7.2969 0.056 8.2808 —0.169 8.2796227 8.2785 —0.299
7.3026 0.175 7.3015 0.115 7.3003 0.035 8.2842 -0.168 8.2880237 8.2819 —0.301
7.3076 0.105 7.3064 0.057 7.3053 -0.018 8.2921 -0.165 8.290.235 8.2898 -0.308
7.3144 0.011 7.3133 -0.031 7.3121 -0.100 8.2955 -0.155 48.290.226 8.2932 —0.311
7.3181 -0.037 7.3170 —-0.095 7.3159 -0.143 8.2989 -0.151978.2-0.221 8.2967 -0.306
7.3313 -0.126 7.3302 -0.184 7.3291 -0.247 83031 -0.127028.3-0.200 8.3009 -0.287
7.3347 -0.143 7.3336 —-0.206 7.3325 -0.259 8.3065 -0.128058.3-0.190 8.3043 -0.265
7.3382 —-0.159 7.3370 -0.219 7.3359 -0.283  8.3100 -0.104088.3-0.180 8.3077 —0.257
7.3425 -0.167 7.3414 -0.241 7.3402 -0.302 8.3137 -0.081128.3-0.154 8.3115 -0.247
7.3459 —0.179 7.3448 -0.243 7.3437 -0.313 83172 -0.073168.3-0.137 8.3149 -0.225
7.3494 -0.185 7.3482 -0.252 7.3471 -0.316 8.3206 —0.045198.3-0.111 8.3183 -0.202
7.3532 -0.182 7.3521 -0.243 7.3510 -0.319 8.3246 -0.002238.3-0.082 8.3223 -0.175
7.3566 —0.185 7.3555 —0.240 7.3544 -0.329 8.3298 0.054 8B.320.042 8.3276 —0.131
7.3601 -0.177 7.3589 -0.247 7.3578 —-0.325 8.3332 0.084 28.330.002 8.3310 -0.095
7.3640 —0.172 7.3629 -0.245 7.3617 -0.326 83366 0.123 58.330.035 8.3344 —0.057
7.3708 -0.152 7.3697 -0.222 7.3686 —0.306 8.3413 0.175 03.340.080 8.3391 -0.012
7.3756 —0.141 7.3745 -0.202 7.3734 -0.301 8.3448 0.215 38.340.128 8.3425 0.015
7.3791 -0.129 73779 -0.199 7.3768 —-0.278 8.3482 0.223 78.340.148 8.3459 0.045
7.3824 -0.109 7.3813 -0.179 7.3802 -0.274 8.3538 0.242 2B.350.158 8.3515 0.070
7.3868 —0.083 7.3856 —0.148 7.3845 -0.256 8.3572 0.246 68.350.164 8.3549 0.068
7.3902 -0.040 7.3890 -0.123 7.3879 -0.225 8.3606 0.234 9B8.350.166 8.3584 0.071
7.3936 —-0.010 7.3925 -0.097 7.3913 -0.202 8.3649 0.207 38.360.150 8.3626 0.064
7.3976 0.037 7.3964 -0.055 7.3953 —0.171 8.3683 0.186 B.36D.125 8.3661 0.045
7.4010 0.097 7.3999 -0.009 7.3987 -0.134 83718 0.131 @.370.079 8.3695 0.015
74044 0.121 7.4033 0.044 7.4022 -0.069 83759 0.081 83780037 8.3736 —0.036
7.4081 0.170 7.4070 0.088 7.4059 -0.030 8.3793 0.034 8.3781006 8.3770 —0.083
7.4115 0.223 7.4104 0.121 7.4093 0.016 8.3827 -0.014 8.38D6067 8.3804 —0.130
7.4150 0.237 7.4138 0.148 7.4127 0.042 8.3875 —-0.058 8.3864114 8.3852 -0.176
74192 0.236 7.4180 0.151 7.4169 0.058 8.3909 -0.077 8.3888143 8.3887 —0.204
7.4226 0.239 7.4215 0.156 7.4203 0.069 8.3943 —-0.098 8.3982164 8.3921 -0.225
74260 0.235 7.4249 0.152 7.4237 0.063 8.3986 -0.132 8.3976187 8.3964 —0.253
7.4304 0.220 7.4292 0.138 7.4281 0.057 8.4021 -0.148 8.4009206 8.3998 —0.269
74338 0195 7.4327 0.122 7.4315 0.035 8.4055 -0.164 8.4044227 8.4032 —0.291
7.4372 0.140 7.4361 0.081 7.4350 -0.008 8.4093 -0.176 3.408.230 8.4071 -0.300
7.4446 0.057 7.4435 0.000 7.4423 -0.094 84127 -0.177 6.44D.245 8.4105 -0.319
7.4480 0.009 7.4469 —0.045 7.4457 -0.125 8.4162 -0.193 58.420.245 8.4139 —0.322
7.4519 -0.040 7.4508 -0.088 7.4497 -0.161 8.4201 -0.197198.4-0.254 8.4179 -0.321
7.4557 —0.072 7.4546 -0.110 7.4534 -0.195 84235 -0.197228.4-0.254 8.4213 -0.324
8.1977 0.041 8.1966 —-0.052 8.1955 -0.163 8.4270 —-0.189 58.420.243 8.4247 —-0.326
8.2012 0.092 8.2000 0.005 8.1989 —0.109 8.4309 -—0.182 8.429.247 8.4286 -0.318
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Table 1 — Continued.

HID Amp HID Amy HID  Amp HID Amp HID Amy HID  Amg
2455590+ 2455590+ 2455590+ 2455590+ 2455590+ 2455590+

8.4343 -0.173 8.4332 -0.230 8.4320 -0.317 9.4217  0.240 09.420.158 9.4194 0.061

8.4377 —-0.164 8.4366 -0.228 8.4355 -0.307 9.4251  0.248 40.420.167 9.4228 0.072

9.1917 -0.090 9.1906 -0.151 9.1895 -0.212 9.4285 0.236 74.420.159 9.4262  0.069

9.1952 -0.106 9.1940 -0.166 9.1929 -0.239 9.4319  0.223 08.430.145 9.4296  0.061

9.1986 -0.125 9.1975 -0.185 9.1963 -0.245 9.4353  0.193 42.430.123 9.4330 0.042

9.2050 -0.161 9.2038 -0.213 9.2027 -0.277 9.4387 0.154 76.430.088 9.4364  0.012

9.2084 -0.169 9.2072 -0.222 9.2061 -0.286 10.2086  0.1832074. 0.095 10.2063 -0.013
9.2118 -0.176 9.2107 -0.238 9.2095 -0.308 10.2120 0.21(2109. 0.135 10.2097  0.029
9.2160 -0.181 9.2149 -0.251 9.2138 -0.313 10.2154  0.23®148. 0.159 10.2132  0.055
9.2194 -0.191 9.2183 -0.240 9.2172 -0.327 10.2190 0.248179. 0.167 10.2168 0.070
9.2229 -0.193 9.2217 -0.250 9.2206 -0.323 10.2225 0.2472218. 0.160 10.2202  0.062
9.2267 -0.192 9.2256 -0.252 9.2245 -0.322 10.2259  0.23%24D. 0.154 10.2236  0.063
9.2302 -0.185 9.2290 -0.246 9.2279 -0.324 10.2300 0.212289. 0.139 10.2278  0.055
9.2336 —-0.177 9.2325 -0.242 9.2313 -0.320 10.2335  0.18(2328. 0.120 10.2312 0.037
9.2375 -0.173 9.2364 -0.228 9.2352 -0.310 10.2369  0.15233D. 0.090 10.2346  0.011
9.2409 -0.155 9.2398 -0.212 9.2386 -0.306 10.2403  0.10839P. 0.055 10.2380 -0.027
9.2443 —-0.133 9.2432 -0.198 9.2421 -0.282 10.2437 0.062426. 0.010 10.2414 -0.072
9.2486 —0.111 9.2475 -0.183 9.2464 -0.270 10.2478  0.006248D. —0.042 10.2455 -0.105
9.2528 -0.088 9.2516 —-0.160 9.2505 -0.251 10.2512 -0.03®@50D -0.089 10.2490 -0.143
9.2571 -0.055 9.2560 -0.127 9.2548 -0.230 10.2546 -0.063253® -0.122 10.2524 -0.177
9.2605 -0.017 9.2594 —-0.085 9.2582 -0.213 10.2581 -0.082589 -0.148 10.2558 -0.202
9.2639 0.020 9.2628 -0.062 9.2617 -0.173 10.2615 -0.102604. -0.165 10.2592 -0.232
9.2677  0.079 9.2666 -0.007 9.2654 -0.125 10.2655 -0.1252644. —0.184 10.2632 -0.251
9.2711  0.122 9.2700 0.031 9.2689 -0.079 10.2689 -0.146 618.2—-0.206 10.2667 —0.261
9.2745 0.163 9.2734 0.078 9.2723 -0.033  10.2723 -0.157 71P.2—-0.225 10.2701 -0.280
90.2858 0.246 9.2846 0.160 9.2835 0.063 10.2789 -0.176 18.2#0.231 10.2767 -0.301
9.2892 0.248 9.2880 0.160 9.2869 0.059 10.2826 -0.174 18.280.245 10.2804 -0.317
9.2926  0.245 9.2915 0.155 9.2903 0.067 10.2861 —0.185 49.280.243 10.2838 -0.322
9.2962 0.243 9.2950 0.143 9.2939 0.062 10.2895 -0.184 84.280.254 10.2872 -0.328
9.2996 0.211 9.2985 0.140 9.2973 0.033 10.2935 -0.185 24.29-0.250 10.2913 -0.327
9.3030 0.173 9.3019 0.110 9.3007 0.008 10.2970 -—0.183 98.29 0.236 10.2947 -0.326
9.3068 0.128 9.3057 0.066 9.3045 -0.033 10.3004 -0.162 998.2—-0.238 10.2981 -0.324
9.3102 0.069 9.3091 0.022 9.3080 -0.069 10.3038 -0.165 02D.3—-0.224 10.3016 -0.318
9.3136  0.026 9.3125 -0.027 9.3114 -0.114 10.3077 -0.1413066. —0.220 10.3055 -0.298
9.3171 -0.008 9.3160 -0.055 9.3149 -0.141 10.3111 -0.1373100 -0.206 10.3089 -—0.294
9.3206 —-0.063 9.3194 -0.098 9.3183 -0.175 10.3145 -0.1223139 -0.192 10.3123 -0.283
9.3240 -0.080 9.3229 -0.139 9.3217 -0.222 10.3180 -0.1023149 -0.178 10.3157 -0.265
9.3415 -0.154 9.3404 -0.212 9.3393 -0.290 10.3217 -0.0683206® -0.145 10.3195 -0.242
9.3449 -0.160 9.3438 -0.216 9.3427 -0.293 10.3252 -0.0433240 -0.116 10.3229 -0.221
9.3483 -0.169 9.3472 -0.231 9.3461 -0.305 10.3286  0.00132718. —0.085 10.3263 -0.195
9.3519 -0.172 9.3507 -0.227 9.3496 -0.306 10.3320 0.0423309. —0.046 10.3298 -0.159
9.3553 -0.174 9.3541 -0.223 9.3530 -0.302 10.3364 0.1043338. 0.018 10.3341 -0.095
9.3587 -0.173 9.3576 -0.229 9.3564 -0.311 10.3398  0.146338D. 0.058 10.3376 -0.063
9.3626 —-0.160 9.3615 —-0.221 9.3604 -0.299 10.3432  0.2033420. 0.112 10.3410 0.005
9.3660 —-0.146 9.3649 -0.214 9.3638 —-0.292 10.3467 0.2403439. 0.144 10.3444 0.035
9.3694 -0.134 9.3683 —-0.199 9.3672 -0.290 10.3501  0.2363490. 0.146 10.3478  0.060
9.3754 -0.110 9.3743 -0.174 9.3731 -0.259 10.3542  0.246353D. 0.157 10.3519  0.055
9.3788 -0.097 9.3777 -0.151 9.3766 -0.247 10.3576  0.2413569. 0.152 10.3553  0.064
9.3822 -0.074 9.3811 -0.133 9.3800 -0.241 10.3610 0.2333599. 0.161 10.3588 0.061
9.3859 -0.063 9.3847 —-0.128 9.3836 —0.206 10.3644  0.2353638. 0.152 10.3622  0.047
9.3893 -0.018 9.3882 —-0.090 9.3871 -0.192 10.3679  0.187368D. 0.130 10.3656  0.026
9.3927 0.001 9.3916 -0.073 9.3905 -0.162 10.3716  0.156 709.3 0.095 10.3693  0.002
9.3964 0.039 9.3952 -0.048 9.3941 -0.140 10.3750 0.108 739.3 0.036 10.3728 -0.030
9.3998  0.077 9.3987 -0.010 9.3975 -0.103 10.3784  0.057 718.3 0.007 10.3762 -0.088
9.4032 0.118 9.4021  0.023 9.4010 -0.064 10.3819 0.015 0».380.041 10.3796 -0.130
9.4078 0.156 9.4067 0.073 9.4056 -0.033 10.3853 -0.014 84P.3—-0.086 10.3830 -—0.159
9.4113 0.201 9.4101 0.090 9.4090 0.018 10.3962 -0.101 90.39-0.162 10.3939 -0.241
9.4147  0.222 9.4135 0.145 9.4124 0.039 10.4003 -0.126 9P.390.186 10.3980 -0.257
9.4182 0.242 94171 0.155 9.4160 0.062 10.4037 -0.144 26.46-0.198 10.4015 -0.273
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Table 1 — Continued.

HID  Amp HID Amy HID  Ampg HID  Amp HID Amy HID  Ampg
2455590+ 2455590+ 2455590+ 2455590+ 2455590+ 2455590+

10.4071 -0.144 10.4060 -0.213 10.4049 -0.280 10.4291 40.16.4280 -0.227 10.4269 -0.306
10.4106 -0.162 10.4094 -0.221 10.4083 —-0.295 10.4325 +60.18.4314 -0.216 10.4303 -0.300
10.4140 -0.174 10.4128 -0.227 10.4117 -0.305 10.4360 10.18.4348 -0.212 10.4337 -0.298
10.4181 -0.162 10.4169 -0.233 10.4158 -0.305 10.4398 20.18.4398 -0.198 10.4375 -0.277
10.4215 -0.169 10.4204 -0.231 10.4192 -0.309 10.4432 $80.10.4432 -0.171 10.4410 -0.262
10.4249 -0.168 10.4238 -0.228 10.4227 -0.314 10.4466 50.08.4466 -0.151 10.4444 -0.241

Table2 All Times of Light Minimum for GV Leo

HJD Epoch Min 0-0) Ref.
(1) 2 3) )] (5)
2452754.4598 —10658.0 | —0.0027 [1]
2452763.3966 —10624.5 Il —0.0015 [2]
2452764.4639 —10620.5 Il —0.0011 [2]
2453437.6973 —8096.5 Il 0.0015 [3]
2453437.8293 —8096.0 | 0.0001 [3]
2453441.8291 —8081.0 | —0.0011 [3]
2454506.4949 —4089.5 Il 0.0051 [4]
2454507.5613 —4085.5 Il 0.0046 [5]
2454908.4567 —2582.5 Il 0.0022 [6]
2454935.3964 —2481.5 Il 0.0020 [6]
2455289.3487 —1154.5 Il 0.0013 [7]
2455289.4810 —1154.0 | 0.0003 [7]
2455597.2876 0.0 | —0.0015 [*]
2455597.4217 0.5 Il —0.0008 [*]
2455598.2199 3.5 Il —0.0028 [*]
2455598.3543 4.0 | —0.0018 [*]
2455599.2890 7.5 Il —0.0006 [*]
2455599.4238 8.0 | 0.0008 [*]
2455600.2203 11.0 | —0.0029 [*]
2455600.3555 11.5 1l —0.0011 [*]

Notes: Col. (1): HID at light minimum. Col. (2): epoch. C@):(types of min-
imum. Col. (4): residuals of HID at light minimum. Col. (5gferences for
sources are as follows, [1] Hibscher (2005); [2] Bernh&@@04); [3] Samec
et al. (2006); [4] Hubscher et al. (2010); [5] Brat et alo@8); [6] Brat et al.
(2009); [7] Hubscher & Monninger (2011); [¥] This study.

The corresponding{ — C) curve is shown as a downward parabolic line in the upperl@arte
the residuals are shown in the lower panel of Figure 1.

4 PHOTOMETRIC SOLUTIONS

Photometric solutions of GV Leo were deduced by using the32@0dsion of the Wilson-Devinney
(W-D) code (Wilson & Devinney 1971; Wilson 1979, 1990; Wits& van Hamme 2003), in mode 3
(i.e., contact mode). Fixed parameters were adopted asv@lithe gravity darkening exponents of
g1 = g2 =0.32 (Lucy 1967), the bolometric albedo coefficientsdef= 4> = 0.50 (Rucinski 1973),
the effective temperature of the primary compon&htwas estimated fromH — V) color by using
Cox (2000)’s calibration table, and then the temperafyr&as used to calculate the corresponding
limb darkening coefficients of; andx, for the BVR bands (van Hamme 1993). The adjustable
parameters, i.e., the orbital inclinatiof,estimated temperature of the secondary compofiént,
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Table3 Photometric Solutions for the Light Curve Fits of GV Leo
Parameter Value
q 0.1879 (-0.0024)
Ty (K) 4850
Ty (K) 5344 (4-26)
1 (°) 76.13 (£0.32)
Q= Qs 2.181 (£0.0051)
g1 = g2 0.32
Al = Ag 0.50
1B = I2B 0.891
1y = Xoy 0.729
T1R = T2R 0.571
Lig/(Lip + L2B) 0.6988 (-0.0051)
Liv/(Liv + Lov) 0.7241 (-0.0036)
Lir/(L1r + L2gr) 0.7467 (-0.0027)
Lsp/(Lip + Lap + L3B) 0.0114 ¢0.0010)
Lgv/(le + Loy + Lgv) 0.0169 ¢0.0010)
LgR/(LlR + Lorp + LgR) 0.0247 ¢0.0011)
1 (pole) 0.4968 £0.0013)
71 (side) 0.543340.0020)
71 (back) 0.567040.0026)
r2 (pole) 0.234540.0037)
r2 (side) 0.24464£0.0045)
ro (back) 0.28244£0.0092)
Spot Colatitudeq) * 37.24 (£3.96)
Spot Longitude {) * 14.32 (+2.78)
Spot Radiusq) * 25.79 £1.37)
Temperature Factor * 0.8040.02)
(0 — C)? 0.0635
I (%) 17.7 4(:3.66)
Notes: * Parameters of a starspot on the primary component.
the mass ratiog, the surface potential of the componerfty, = (5, and the monochromatic

luminosities of the star 1[.;, were adopted to deduce the photometric solutions. Thévelk-
minosities of star 2[.», were automatically determined by the W-D code, followihg model of
stellar atmospheres (Kurucz 1993).

Due to the B — V) color of the comparison star, GSC 1419-1147 is a very staigenal
star; the value 8 — V)comparison = 0.977 was collected from the Tycho-2 CataloguedHet al.
2000). However, our data gavé3 (— V)av Leo — (B — V)comparison = 0.07. With correction of
(B — V) johnson = 0.85 B — V) 1ycho (GUrol et al. 2011), the calculated(— V') color of GV Leo
was found to beB — V)av Leo = 0.90. Thus, the effective temperature of the primary comepo,
T1, was assumed to be 4850 K (Cox 2000). As a result, the limbediaml coefficients were fixed at
21 =29 =0.891,21y =29y =0.729 andrlR =xz9r =0.571 (van Hamme 1993)

The observed light curves in ti8/Rfilter bands of GV Leo agree with the photometric parame-
ters, as listed in Tabl& The photometric solutions show that this system is an A&-tgntact binary.
The derived mass ratig, is 0.1879 {0.0024), with the sum of squared residuals for input values,
%(0 - C)? = 0.0635, corresponding the theoretical light curves, which arétptbin Figure2. The
asymmetric light curves can be explained by the activity obal spot on the primary component.
The geometric contact degreg,is found to be 17.74%13.66%), which is not very different from
what Samec et al. (2006) found. This indicates that GV Ledlisrsa weak-contact state.



1336 W. Kriwattanawong & P. Poojon

(’I) -
oI
<[ 8 ]
—~ 10 | 4
3 J
=~ [ ° 2 o h
T F 8 ° ]
et [ o 1
St ]
X
ST 1
I L R 1 R 1 R 1 R 1 R 1 1
—1.2x10* —10* —8000 —-6000 —4000 —2000 0
Epoch
c? [ T T T T T T T
oI
SEL ]
w s 8 °
'g o o o @ 8 g ]
8 [ o o ]
=
g |o L o] j
Sl 1
xr ]
I R 1 R 1 R 1 R 1 R 1 1
—1.2x10* —10* —~8000 —-6000 —4000 —2000 0
Epoch

Fig.1 (O — C) curve {pper panel) and the corresponding residuallevier panel) for GV Leo.

-0.5
T

0 0.5 1
Phase

Fig.2 Observed differential magnitudes in tie(triangle), V' (square) and R (circle) filter bands
and their theoretical light curvesdid lines) versus orbital phase for GV Leo.

5 DISCUSSION AND CONCLUSIONS

The change in orbital period of GV Leo is consistent with wdyatems with a low mass ratio usually
show in terms of period decrease as suggested by Qian (2004 prbital period of this low-mass
ratio contact binary is decreasing at a ratd Bf dt =—-4.95< 10~ " d yr—!. One possibility is that the
orbital period could be changed by a process of mass trabsfereen both components. Under the
assumption of conservative mass transfer, without massologariation in the angular momentum,
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the relative mass transfer raté, /m, can be estimated by using the following equation (Singh &
Chaubey 1986; Pribulla 1998)
. .

I LN ©)
wherem is mass increase of the more massive componant-£ —r.), m is total massi =
my +ms), andq is the mass ratio of the less to more massive components.&sili,rthe process of
mass transfer from the more massive component to the lessvaase is occurring, with the rate
of relative mass transfer beinig; /m = -1.09x 10~ yr—1.

GV Leo is a shallow contact binary with a decreasing orbitaiqd, like Bl CVn (Qian et al.
2008), WZ Cep (Zhu & Qian 2009), AH Tau (Yang et al. 2010) and@# (He et al. 2010). With
the decrease of the orbital period, the system may undergdeact AML via magnetic stellar wind
(Rasio & Shapiro 1995; Qian 2001). The inner and outer alifRoche lobes will contract and cause
the degree of contact to increase. Thus, GV Leo may evoleeardeeper contact configuration,
similar to IK Per (Zhu et al. 2005), GR Vir (Qian & Yang 2004haFG Hya (Qian & Yang 2005).
However, further photometric and spectroscopic obseymatare still required to investigate the
long-term change in period and other physical properties.
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