
Light urve solutions of 50 elipsing binaries with irularorbits in the Small Magellani CloudDiana P. Kjurkhieva, Valentin P. IvanovDepartment of Physis, Shumen University, 9700 Shumen, Bulgariaemail: d.kyurkhieva�shu-bg.net; v.ivanov�shu-bg.net(Conferene talk)Abstrat. In this paper we present the global parameters of 50 elipsing binaries with irular orbitsin the Small Magellani Cloud, obtained by light urve solutions. The statistial analysis of the resultsleads us to the following onlusions: (a) The majority of the investigated elipsing stars are losebinaries whih omponents almost or wholly �ll their Rohe lobes; (b) The majority of these omponentsare hot stars; () About 60 % of the seondaries are larger than the primaries; (d) 1/3 of the investigatedbinaries were modeled by semidetahed on�gurations and 2/3 by detahed on�gurations; (e) 30 % ofthe stars in our sample are Algols.Key words: Stars: elipsing � Stars: modeling � Stars: individual: SMC � Stars:�åøåíèÿ íà êðèâèòå íà áëÿñúêà íà 50 çàòúìíèòåëíè äâîéíè çâåçäè ñêðúãîâè îðáèòè â Ìàëêèÿ Ìàãåëàíîâ îáëàêÄèàíà Ï. Êþðê÷èåâà, Âàëåíòèí Ï. ÈâàíîâÂ òàçè ñòàòèÿ íèå ïðåäñòàâÿìå ãëîáàëíèòå ïàðàìåòðè íà 50 çàúìíèòåëíè äâîéíè çâåçäè ñ êðúãîâèîðáèòè â Ìàëêèÿ Ìàãåëàíîâ îáëàê, íàìåðåíè ÷ðåç ðåøåíèÿ íà êðèâèòå íà áëÿñúêà. Ñòàòèñòè÷åñ-êèÿò àíàëèç íà ðåçóëòàòèòå íè âîäè äî ñëåäíèòå çàêëþ÷åíèÿ: (à) Ìíîçèíñòâîòî îò èçñëåäâàíèòåçàòúìíèòåëíè çâåçäè ñà òåñíè äâîéêè, êîìïîíåíòèòå íà êîèòî ïî÷òè èëè èçöÿëî èçïúëâàò îáåìèòåíà �îø; (b) Ìíîçèíñòâîòî îò òåçè êîìïîíåíòè ñà ãîðåùè çâåçäè; (ñ) Îêîëî 60 % îò âòîðè÷íèòåçâåçäè ñà ïî-ãîëåìè îò ïúðâè÷íèòå; (d) 1/3 îò èçñëåäâàíèòå äâîéíè çâàçäè ñå ìîäåëèðàò êàòîïîëóðàçäåëåíè êîí�èãóðàöèè è 2/3 êàòî ðàçäåëåíè êîí�èãóðàöèè; (e) 30 % îò çåçäèòå â íàøàòàèçâàäêà ñà Àëãîëè.IntrodutionThe study of elipsing binaries is very important for the modern astrophysis beausethese stars are one of the most useful soures of information about the stellar param-eters (radii, masses, temperatures, luminosities, stellar omposition) and onsequentlyprovide empirial tests for the theory of the stellar evolution.The investigation of elipsing binaries in large and homogenous sample gives a pos-sibility to improve the empirial statistial relations between the stellar parameters.The mirolensing projets EROS (Grison et al. 1995), MACHO (Alok et al. 1997)and OGLE (Udalski et al. 1998, 2000) monitored millions of stars in the MagellaniClouds during the last years. The huge photometri database is available not only formirolensing studies but also for individual and statistial investigations of detetedvariable stars.The �rst OGLE atalogue ontains about 1500 elipsing stars found in the entral2.4 square degree area of the SMC brighter than I = 20m with periods from 0.3 to 250days. The next atalogue of variable stars in the Magellani Clouds found in 1997-2000(Zebrun et al. 2001) overs about 7 square degrees of the sky. The basi star parametersin this atalogue are: orbital period P ; HJD for the primary maximum (T -2450000); zeroepoh (phase 0) orresponding to the deeper elipse; I-band brightness at maximum; I-band amplitude (depth of the primary minimum); phase of the seondary elipse; depthof the seondary elipse in I-band; I, B and V brightness at maximum; B-V and V-Iolors; type of elipsing star. Typially, there are about 400 data points in I-band andabout 30 points in V and B band for eah variable star in the OGLE atalogs. Theerrors of the magnitude measurements are: 0.005m for the brightest stars (I < 15m)and 0.08m for stars with 15m < I < 19m.Astrophys. Invest. 1, 2007, pp. ??�??



2 D. Kjurkhieva, V. IvanovThe study of the deteted elipsing stars in SMC from the seond OGLE atalogue isvery meaningful beause it is reasonably omplete and allows further statistial analysis.We began to study the elipsing binaries in SMC in order to get their global parametersby simultaneous �tting of the I,B,V data. This paper presents the results from the lighturve solutions of the �rst 50 elipsing stars with irular orbits in SMC.1 Proedure of light urve solutionThe determination of the global star parameters is based on the light urve solution,i.e. searhing for a best �t of observational photometri data and family of synthetilight urves built on ertain star model and guess stellar parameters. The objetiveriterion for the best �t is the least squares method. This quality of data requiresspei� proedure for the light urve solutions of the OGLE atalogue.Wyithe & Wilson (2001, 2002) obtained solutions of the I urves of the brightestelipsing stars in SMC from the �rst OGLE atalogue (Udalski et al. 1998) with anautomated version of the WD program. They �xed the following parameters of the de-tahed binaries: q=1; T2=10000 K (arbitrary hoie beause only relative temperatures
T1 and T2 matter for single-band light urves); blak-body radiation law; limb-darkeningoe�ients 0.32 and 0.18 for logarithmi limb-darkening law (I/I0 = 1−x(1−µ)-ylnµ);exponent in gravity brightening 1; bolometri albedo 1; longitude of periastron 0 or
π; third light 0. Wyithe & Wilson (2001) adjusted inlination i, primary temperature
T1, primary luminosity L1, potentials ω1 and ω2, eentriity e. For the semidetahedbinaries Wyithe & Wilson (2002) �xed the same parameters as those for the detahedbinaries and adjusted i, T1, L1, q and ω1. Our proedure for the light urve solutionof the OGLE elipsing binaries in SMC di�ers from that of Wyithe & Wilson (2001,2002) and esapes the most of their simpli�ations and bases on simultaneous �ttingof the I,B,V data. It onsists of two parts, a subjetive stage in whih intuition andnumerial experiments are used to get reasonable lose �t, and an objetive stage inwhih a programmed algorithm leads iteratively to the �nal solution.1.1 Preliminary light urve solution on the basis of empirial relationsWe obtained preliminary light urve solutions on the basis of the following empirialrelations between the global star parameters:(a) determination of the temperature T1 of the primary star by the empirial relation
T/(B-V);(b) alulation of the temperature T2 of the seondary star by the empirial relation
T2 = T1(1 − l2)

1/4(1 − l1)
−1/4 where l1 and l2 are the depths of the two minima in Iolor (this rule holds for both partial and omplete elipses but only for irular orbits);() alulation of the mass ratio q for MS stars by the empirial statistial relation

q = (T2/T1)
1.67;(d) alulation of the ratio of relative radii by the raw empirial statistial relation

r2/r1 = q0.75.1.2 Initial light urve solutionWe used the ode Binary Maker 3 (Bradstreet & Steelman 2004) for fast initial lighturve solution beause this ode (further BM3) allows immediately to see the e�et ofhanging of eah parameter on the syntheti light urve. The visualization is very usefuland handy tool at this stage of trials and errors.We made syntheti light urves by BM3 using the values of the star parametersobtained by the empirial relations as well as the guessed value of the orbital inlination
i and the values of the limb-darkening oe�ients, gravitation darkening oe�ients and



Elipsing binaries in the Small Magellani Cloud 3re�etion oe�ients appropriate to the star temperatures. The star parameters r2, r1,
T2, q, i were varied in order to get a better oinidene between the syntheti urve andthe observational points. The �t quality was estimated visually as well as by the sumof the residuals alulated by BM3.In fat at this stage we searh for a best �t between the syntheti and observed lighturves in I olor beause it is impossible to �nd some preise solutions of the poor B andV data. However it turned out that in the most ases the V and B syntheti urves builtby BM3 and orresponding to the parameters of the I light urve solution reproduedvery well the V and B observational points. In the rest rare ases small orretions ofthe normalization levels of the V and B observed urves were enough to reah a betteroinidene in V and B olor. These orretions leaded in turn to orretions of theolor indies, the primary's temperature and onsequently to repeating of the wholeBM3 proedure varying the parameters in narrow ranges around the initial I best �t.Thus, we use V and B data points only for small orretions of the star parametersobtained by the I urve solution.1.3 Final light urve solutionWe used the ode DC (Di�erential Corretions) for improvement of the initial lighturve solution and estimation of parameter unertainties using the method of di�eren-tial orretions. The ode DC needs a good starting approximation to the light urvesolution (Wilson & Devinney 1971, Wilson 1992, Wilson & Van Hamme 2003). DChas a apability to make simultaneous multiolor light urve solutions. The ode DCmakes objetive iteration for parameter adjustment by the least squares riterion non-automatially but by personal monitoring. The number of iterations depends on qualityof the �t reahed in the stage of the BM3 solution. The output DC �le ontains theobtained orretions of the starting values of the varied parameters, the new values ofthe varied parameters and their errors, as well as the sum of the residuals for the threeurves orresponding to the best �t.To run DC is neessary to hoose whih parameters will be varied and their in-rements (it is reommended they to be around 1 % of the starting value of the or-responding parameter). Taking into aount the quality of the OGLE data we hosethe following inrements for the varied parameters: 50 K for the temperature of theseondary star T2; 0.50 for the orbital inlination i; 0.005 for the relative star radii ri;0.02 for the mass ratio q; 100 for the latitude of the spot; 50 for the spot longitude; 10and for the angular spot radius; 0.02 for the relative spot temperature k = T sp/T st.2 Analysis of the resultsWe have hosen to model those elipsing stars in SMC whih B and V data have enoughpoints into the elipses. In opposite ase the light urve solution is undetermined, espe-ially for the seondary star temperature.Table 1 presents the values of the global parameters obtained by our light urvesolutions of 50 elipsing stars in SMC with irular orbits and Fig. 1 illustrates �ts forone detahed (D) and one semidetahed (SD) binary. The symbols SD1 and SD2 in theTable 1 mean respetively that the primary and seondary star �lls-in its Rohe lobe.The symbol ” ∗ ” means that the stellar model requires solution with spot. The �rstfour olumns of Table 1 show respetively the star number, type of obtained on�gu-ration; orbital period (in days); out-of-elipse magnitude in I olor. The last olumnspresent the values of the �tted parameters: temperatures of both omponents T1 and
T2; photometri mass ratio q; relative radii of the omponents r1 and r2.The statistial analysis of the obtained results for our sample of 50 elipsing binarysystems in SMC leads to the following onlusions:1) The temperatures of the primary omponents are in the range 4000-34000 K withmaxima at 13000 K and 19000 K (Fig. 2 - left panel). This result is in orrespondene
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Table 1. Global parameters of 50 elipsing stars in SMCStar number Con�guration Period [d℄ I [mag℄ T1 [K℄ T2 [K℄ q i [0℄ r1 r27 D 1.25 17.150 23850 20050 0.98 64.8 0.300 0.28011 SD2 2.66 17.810 19700 12200 0.26 79.9 0.250 0.29013 SD2* 3.82 16.425 31100 17400 0.35 75.2 0.173 0.31714 SD2* 2.45 17.392 24000 16000 0.35 83.6 0.188 0.31715 D 1.65 18.525 17150 16350 0.87 83.0 0.230 0.21016 SD2 6.22 18.720 7300 6250 0.60 79.6 0.230 0.36017 SD2 3.80 19.258 12650 7150 0.18 83.2 0.150 0.26718 D 1.52 17.859 16350 16050 0.89 80.2 0.255 0.23620 D 1.45 17.173 26500 22050 0.74 70.6 0.290 0.25025 SD2* 2.46 16.283 33350 20650 0.46 87.0 0.250 0.33926 D 0.55 18.517 15400 12750 0.87 75.7 0.390 0.33035 D 0.89 17.899 19600 18700 0.60 64.6 0.410 0.30038 SD2 1.98 16.500 31200 18900 0.67 83.0 0.270 0.37041 SD1 0.86 17.300 28900 22600 0.70 81.3 0.437 0.32544 D* 50.32 17.154 7900 5180 0.85 85.2 0.120 0.08045 SD2* 11.90 18.799 5350 5250 0.35 79.7 0.215 0.31752 D 1.72 17.336 18850 18700 0.99 85.0 0.292 0.29353 D 142.04 16.592 7550 5700 0.60 87.4 0.125 0.09065 D 5.51 19.100 11800 7100 0.85 88.5 0.260 0.21271 D 0.91 17.140 9300 6600 0.71 66.5 0.311 0.23073 D 0.62 17.696 12150 11850 0.89 66.4 0.334 0.32174 SD2* 6.33 16.599 13600 8050 0.28 77.4 0.160 0.29978 D 1.34 17.620 18000 17350 1.00 78.3 0.322 0.30089 D 1.91 17.278 27500 15000 0.27 65.7 0.339 0.22590 D 6.39 17.520 18750 16950 0.91 82.6 0.125 0.115100 SD1 1.19 16.510 22050 12500 0.21 58.9 0.548 0.211107 D 2.53 17.885 10450 10350 0.92 80.7 0.198 0.191112 D 15.93 17.800 19300 17900 0.80 87.5 0.075 0.060114 SD2 1.57 17.200 16700 12600 0.70 73.3 0.400 0.374116 D 0.87 18.144 12550 8750 0.35 65.5 0.481 0.326122 D 1.94 17.770 15450 15050 0.90 77.1 0.265 0.195140 D 0.95 17.947 14650 13450 1.00 86.6 0.331 0.274165 SD2 16.90 16.870 10950 5400 0.15 86.0 0.205 0.255176 D* 1.28 17.548 18400 19000 1.00 75.6 0.259 0.260177 SD2 16.90 16.875 11550 5700 0.22 83.8 0.179 0.281186 D 0.95 17.840 9950 9850 0.87 70.3 0.346 0.330194 D 109.35 16.590 5600 5300 0.80 81.8 0.120 0.110205 D 16.60 17.845 17750 17050 0.98 87.9 0.070 0.070207 SD2 2.85 18.490 13000 6700 0.45 81.7 0.250 0.337229 SD2 0.56 18.710 9100 9050 0.88 82.0 0.350 0.394259 D 1.27 17.919 10400 8100 0.56 78.8 0.310 0.361277 D 1.11 16.990 15600 14200 1.00 79.4 0.330 0.300278 SD2* 1.40 18.287 12400 9800 0.62 86.2 0.342 0.363298 D 1.16 17.797 18250 17700 1.00 78.2 0.294 0.270332 D 3.32 17.425 13900 8450 0.30 86.0 0.201 0.300352 D 0.99 18.712 9600 7000 0.64 80.2 0.345 0.253366 D 0.97 18.293 12700 12250 0.86 74.2 0.391 0.330389 D 1.25 16.067 27000 25500 0.70 71.8 0.263 0.228395 D 1.17 18.225 12000 10700 0.60 76.4 0.280 0.240396 D 1.95 16.325 27450 17750 0.59 72.0 0.340 0.209
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% of the investigated elipsing binaries but onluded that some of them have largeomponents and may be SD;
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