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CL AURIGAE: A TRIPLE SYSTEM WITH MASS TRANSFER
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The semi-detahed elipsing binary CL Aurigae (GSC 2393.1455, FL 439, HV 6886;Bmax = 11:7 mag) is a relatively faint but frequently observed binary with a short orbitalperiod about 1.24 days. CL Aur was disovered to be a variable star photographially byHo�eit (1935). Later Kurohkin (1951) derived the �rst light elementsPri: Min: = HJD 24 32967:262 + 1:d2443666� E:Next visual observations were made by Szafranie (1960), the spetral type was determinedby G�otz & Wenzel (1968). Wolf et al. (1999) in their period study predited a third bodyin eentri orbit (e = 0:4) with a period of about 22.5 years. To our knowledge this starhas not been measured spetrosopially sine disovery.We observed elipses of CL Aur regularly every year and obtained 18 new preise timesof minimum light. Our CCD photometry was arried out from 2001 until Marh 2007at six observatories: Brno, Lelekovie, Hrade Kr�alov�e, Ond�rejov, Pe pod Sn�e�zkou andVala�ssk�e Mezi�r����� observatories, Czeh Republi. Di�erent telesopes, CCD ameras and�lters were used (see Table 1). The nearby star GSC 2393.1532 (V = 11:4 mag) on thesame frame as CL Aur served as a primary omparison star during these observations.See also http://nyx.asu.as.z/�lenka/dbvar/ for more information. The new timesof primary minimum and their errors were determined using the least squares �t of thedata by the biseting hord method. These times of minimum are presented in Table 1.In this table, N stands for the number of observations used in the alulation of theminimum time, the others are self-evident. The epohs were alulated aording to thenew ephemeris given in the text.The hange of period of CL Aur was studied by means of an O�C diagram analysis.We took in onsideration all older visual and photographi times of minima found in
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Table 1: New times of minimum light of CL AurJD Hel.� Epoh Error N Observatory24 00000 (days) Telesope, amera, �lter51901.6065 1450.0 0.0002 107 Hrade Kr�alov�e 40-m, ST-7, V51901.6070 1450.0 0.0003 89 Lelekovie 35-m, ST-6V, R52017.3345 1543.0 0.0003 52 Lelekovie 35-m, ST-6V, R52252.5171 1732.0 0.0001 80 Ond�rejov 65-m, AP7p, R52333.4014 1797.0 0.0001 88 Ond�rejov 65-m, AP7p, R52522.5455 1949.0 0.0001 46 Ond�rejov 65-m, AP7p, R52684.3143 2079.0 0.0001 77 Ond�rejov 65-m, AP7p, R52899.5915 2253.0 0.0002 31 Ond�rejov 65-m, AP7p, R52964.2991 2304.0 0.0001 90 Ond�rejov 65-m, AP7p, R53425.3416 2674.5 0.0001 98 Ond�rejov 65-m, AP7p, R53713.4178 2906.0 0.0001 83 Ond�rejov 65-m, AP7p, R53746.3945 2932.5 0.0002 73 Ond�rejov 65-m, AP7p, R53769.4149 2951.0 0.0001 64 Ond�rejov 65-m, AP7p, R54070.5565 3193.0 0.0002 65 Pe pod Sn�e�zkou 20-m, ST-8, R54141.4868 3250.0 0.0002 104 Brno 20-m, ST-6V, R54171.3516 3274.0 0.0001 137 Brno 20-m, ST-6V, R54176.3298 3278.0 0.0001 33 Vala�ssk�e Mezi�r����� 28-m, ST-7, V;R54186.2843 3286.0 0.0002 16 Vala�ssk�e Mezi�r����� 28-m, ST-7, V;R
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Figure 1. The omplete O � C diagram for CL Aur. The numerous visual and photographi times aredenoted by dots, the primary and seondary CCD times are denoted by irles and triangles, resp. Thesinusoidal urve orresponds to the third body orbit, the dashed urve denotes a period inrease ofabout 1.3 seonds per entury
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speial databases of AAVSO1 and BRNO2 observers, all times given in Wolf et al. (1999,their Table 1), as well as urrent numerous CCD timings given in H�ubsher et al. (2005,2006), Nelson (2006), B��r�o et al. (2007), Dogru et al. (2007), H�ubsher & Walter (2007)and Smith & Caton (2007). The period inrease and sinusoidal deviations of the O � Cvalues aused by a light-time e�et are well remarkable. Our analysis of the third bodygives the following parameters:P3 (period) = 7910� 80 days= 21:7� 0:2 yearsT (time of periastron) = J.D. 24 43880� 80A (semi-amplitude) = 0:0138� 0:0012 day! (length of periastron) = 209:2� 1:2 degreese3 (eentriity) = 0:32� 0:02These values were obtained by the least squares method together with the quadrati lightelementsPri: Min: = HJD 2450097:2712(5) + 1:d24437505(18)� E + 2:d52(4)� 10�10 � E2:The period inrease resulting from these elements is 5:04 � 10�10 day/yle or 1:48 �10�7 day/year or 1.3 seonds per entury, respetively. For this solution all times wereused with di�erent weights, their list is given in an eletroni table available through theIBVS website as �le 5780-t2.txt. The orresponding O�C diagrams are plotted in Fig. 1and Fig. 2.
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Figure 2. The O � C diagram of CL Aur based on urrent CCD measurements. Primary andseondary times are denoted by irles and triangles, resp. The sinusoidal urve orresponds to thethird body orbit with a short period of about 22 years and a semi-amplitude about 20 minutes1http://www.aavso.org/observing/programs/elipser/ebtom.shtml2http://var.astro.z/ogate
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Assuming a oplanar orbit (i3 = 90Æ) and adopting a total mass of the elipsing pairwith A1 primary to beM1+M2 ' 3:0M�, we an obtain a lower limit for the mass of thethird omponent M3;min. The mass funtion has a value f(M) = 0:034 M�, from whihthe minimum mass of the third body follows as 0.79 M�. A possible third omponentof spetral type about K2 with the bolometri magnitude of m3 ' 5:7 mag (Harmane,1988) produes a hardly detetable third light of L3 ' 1:5% of the total light.Our result indiates, that CL Aur is probably the next member of a group of triplesystems with mass transfer deserving a regular monitoring (e.g. RR Dra, TZ Eri; Zashe,2007). Approx. 50% of the third-body orbit is well-overed by the preise photoeletriand CCD observations. Therefore, new high-auray timings of this elipsing system areneessary in order to over the third-body orbit and to improve parameters given above.Aknowledgements. This investigation was supported by the Grant Ageny of theCzeh Republi, grants No. 205/04/2063 and No. 205/06/0217. We also aknowledge thesupport from the Researh Program MSM0021620860 of the Ministry of Eduation. Thisresearh has made use of the SIMBAD database, operated at CDS, Strasbourg, Frane,and of NASA's Astrophysis Data System.
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ERRATUM FOR IBVS 4683
CL Aur is not BD +33Æ0975.The Editors


