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ORBITAL EFFECTS ON THE LIGHT CURVES OF� Car, BP Cru, AND OTHER ECCENTRIC BINARIESVAN GENDEREN, A. M.1; STERKEN, C.21 Leiden Observatory, P.B. 9513, NL-2300RA Leiden, The Netherlands, genderen�strw.leidenuniv.nl2 Vrije Universiteit Brussel, Pleinlaan 2, B-1050 Brussels, Belgium

The very eentri and massive binary � Carinae shows at eah periastron passage alight peak (0:m1{0:m2) in the optial as well as in the near-infrared. Thereafter, a shortlasting elipse-like dip ours, followed by a so-alled `egress-maximum' that subsequentlyfades away (see Fig. 1). Van Genderen et al. (2006, 2007) suggested that the peaks maywell be the result of an enhanement of the deformation by tidal fores on the primary, andthat the egress-maximum is the ontinuation of the peak (after interruption by the dip,whih has another ause) until it disappears some months after the periastron passage.
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Figure 1. V light urves of the events of 2003.5 (�; magnitudes on the right, JD axis at the top) and1981.3 (squares; magnitude sale on the left, JD axis at the bottom). Vertial dash-dotted line:periastron passages. The dotted lines are spline �ts. Based on Fig. 1 of van Genderen et al. (2006).
The �rst aim of this paper is to provide additional support for these two suggestions.Therefore, the literature on photometrially well-observed eentri detahed binaries wassurveyed. Among the dozens of suitable eentri binaries, �ve show a lear bump, in theliterature alled the periastron e�et (Table 1). One of these is BPCru = WRA977, aB-type hypergiant with an X-ray pulsar (GX301-2), in whih the e�et was �rst notiedby Pakull (1982). The seond purpose of this note is to supplement Pakull's light urvewith more photometri evidene.It should be noted that eentri detahed binaries are important for the study of theinternal struture of stars. Tidal distortion depends on the internal struture (though
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modi�ed by stellar rotation), i.e. the density onentration. The more evolved a star is,the larger the e�et of the tidal pull during the periastron passages will be. Due to tidaldistortion { together with rotational attening { these binaries show an apsidal motion,mostly in advane of the orbital motion. General Relativity also predits a ertain amountof seular apsidal motion, usually of a muh smaller, though often non-negligible quantity.Apart from the observable periastron e�et in the light urves, the periodi variabilityof the tidal pull an also modulate the pulsational behaviour when one of the omponentsis a pulsating star. Examples are the � Cep primaries of Spia (� Vir = HD116658,Dukes 1974; Smith 1985; Claret & Gim�enez 1993) and � So (= HD142669, Chapellier &Valtier 1992). The SDor-phases of � Car (whih are a kind of slow pulsation) appear toreah maximum light during most of the periastron passages (van Genderen et al. 2001;Whitelok et al. 2004), and the quasi-period of the � Cyg-type variations of the primaryof BPCru (van Genderen & Sterken 1996) is about a quarter of the orbital revolution(Kaper et al. 2006). Something similar seems to be the ase for the eentri X-ray binaryVelaX-1 (= HD77581, Quaintrell et al. 2003).Sine the intrinsi variations of the hypergiant primary of BPCru are relatively strong(showing a quasi-period of 11:d9, van Genderen & Sterken 1996), the light urve is foldedwith the binary period. We used the data sets of Bord et al. (1976, UBV ), Hammershlag-Hensberge et al. (1976, uvby) and van Genderen (1977, V BLUW , also used by Pakull1982), and a new larger V BLUW data set (63 nightly averages). The latter was obtainedin 1976, 1977 and 1978 (van Genderen & Sterken 1996). However, we ould not get holdof the three other data sets used by Pakull (1982).As three di�erent photometri systems are involved, the VUBV and y(uvby) light urveswere mathed with the VV BLUW light urve by shifting them along the magnitude sale,until a good �t was obtained. Then, the data points of the two �rst mentioned photo-metri systems were transformed to the relative magnitude sale of the VV BLUW system.The omparison star is HD109164 (B2 II). Averages in ten phase-bins were omputed,yielding an average mean error of 0:m007. Phases were omputed with the ephemeris JD0= 2443 451.55 + 41:d498, where the period is from Kaper et al. (2006) and the zero pointfor the periastron is taken from Watson et al. (1984). This hoie is justi�ed beause ofthe lose proximity of JD0 to all the data sets used by Pakull (1982), and to the new onein this paper.Fig. 2 shows the phase diagram based on 169 nightly averages. The periastron e�et{ a small modulation (� 3%) of the optial brightness around phase zero { is obvious asin the ase of the Pakull (1982) urve, though obtained from a di�erent ombination ofdata sets. The amplitude of the periastron e�et is of the order of 0:m03, and the durationof the e�et is about 6 days (� 0:15� P ).Table 1 lists six eentri binaries (inluding � Car and BPCru), and gives the spetraltypes, masses, eentriities (e), orbital periods (P ), the amplitude of the periastron e�etin magnitudes, and its duration in phase units (4�). The six binaries are listed in order ofinreasing eentriity. It should be noted that spetral types, masses and eentriity of� Car are unertain and based on urrent estimates (Davidson 1999; Cororan et al. 2001).The period, �rst disovered by Damineli (1996), is an average from various authors. Thestellar parameters of the four other binaries are taken from the ompilations by Claret& Gim�enez (1993) and Claret & Willems (2002), inluding the referenes to the originalpapers.To illustrate the subtle harater of the periastron e�et, we show in Figs. 3 and 4two examples of phase diagrams. The V 380 Cyg ase (based on data from Guinan et al.2000) shows a periastron e�et near phase 0.15. For V 346 Cen (extrated from Gim�enez
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Figure 2. The di�erential orbital phase-diagram of BPCru = WRA977. Phase 0.0 orresponds to theperiastron passage, and P = 41:d498.
et al. 1986), the periastron e�et is visible as a point-like maximum near phase �0:2.These authors point to \a persistent, though small, disrepany between the preditedand observed light urves around periastron" that annot be removed by hanging themodel parameters. Their Figure 5d learly illustrates the very small amplitude of theassoiated olour variations, and impliitly underlines the fat that only high-quality andhomogeneous data sets an reveal the presene of a periastron e�et. The diÆulty ofdetetion is emphasised by the ounter example of � Ari { one of the most eentriorbits (e � 0:9, as for � Car) known among spetrosopi binaries { where Lovell andHall (1971) found a very weak (0:m01) e�et, though Ogata (1973) subsequently reportsno photometri evidene supporting an appreiable periastron e�et.
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Figure 3. Phase diagram of V380 Cyg (based on di�erential V data from Guinan et al. (2000).
The 4� of � Car and BPCru are unertain beause the e�et ours on top of yli,or quasi-periodi light osillations. It should be noted that in most ases a small partof the periastron e�et an be attributed to reetion and/or elliptiity (distortion byrotation). Furthermore, the amplitude of the periastron e�et possibly depends on theviewing angle to the tidally distorted star, thus on how muh of the distortion is seen.It is perhaps not surprising that � Car shows the strongest periastron e�et, amongst
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Figure 4. Phase diagram of V 346 Cen (di�erential B, extrated from Gim�enez et al. (1986).
Table 1: The six eentri binaries showing the periastron e�etObjet Sp M1 +M2 e P peri.e�. 4� Ref. l..(M�) (d) (mag)V 380 Cyg B1.5II{III 14.3 + 8.0 0.23 12.4 0.03 0.15 1(= HD187879) + B2VV346 Cen B0.5-1V 11.8 + 8.4 0.29 6.3 0.03 0.2 2(= HD101837) + B0.5-1VV1647 Sgr A1V + A2V 2.2 + 2.0 0.41 3.3 0.015 0.1 3(= HD163708)V 560 Car O3V + O8V 45 + 20 0.46 6.08 0.02 0.15 4(= HD93205)BPCru B1.5Ia+ + NS 43 + 1.85 0.46 41.5 0.03 0.15 5(=WRA977)� Car B + O 80 + 30 0.9 2023 0.1{0.2 0.1 6(= HD93308)

Referenes light urve: 1. Guinan et al. (2000); 2. Gim�enez et al. (1986);3. Clausen et al. (1977); 4. Antokhina et al. (2000), van Genderen (2003);5. Pakull (1982), this paper; 6. van Genderen et al. (2006).
others beause of its extreme eentriity and its highly evolved state. There are spe-trosopi indiations for a shell ejetion, or at least a mass-ejetion event during the2003.5 periastron passage (Stahl et al. 2005). Cororan et al. (2001), moreover, neededa substantial inrease of the mass-loss rate to properly explain the X-ray light urve ofthe 1997.9 periastron passage. It is quite well thinkable that � Car's primary exeedsits Rohe Lobe during the periastron passage, enabling an inrease of mass ow into thesystem.The elipse-like dip interrupting the periastron e�et of � Car appears to be a shortintermezzo and we speulate that it is due to some obsuration proess of the emittingmaterial assoiated with the seondary (van Genderen et al. 2006). A similar type of at-tenuation proess was suggested earlier by Whitelok and Laney (1999) as an explanationfor the dip. In the light of the evidene o�ered by the examples in Table 1, it seems tobe justi�ed to assume that in the ase of � Car, the egress-maximum is also part of theperiastron e�et that �nally fades away after a ouple of months.
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We onlude that � Car's optial and near-infrared `light peak' around the perias-tron passages are in various respets similar to the periastron e�ets exhibited by othereentri binaries, and therefore may well have the same physial ause.Aknowledgements. A. M. van Genderen thanks J. V. Clausen for disussions onthe periastron omputation of V346 Cen. C. Sterken is indebted to K. Ol�ah for helpfulsuggestions that enhaned the readability of the manusript.

Referenes:Antokhina E.A., Mo�at A.F.J., Antokhin I.I., et al., 2000, ApJ, 529, 463Bord, D.J. Mook, D.E. Petro, L. Hiltner W.A., 1976, ApJ, 203, 689Chapellier E., Valtier J.C., 1992, A&A, 257, 587Claret A., Gim�enez A., 1993, A&A, 277, 487Claret A., Willems B., 2002, A&A, 388, 518Clausen J.V., Gyldenkerne K., Gr�nbeh B., 1977, A&A, 58, 121Cororan M.F., Ishibashi K., Swank J.H., Petre R., 2001, ApJ, 547, 1034Damineli A., 1996, ApJ, 460, L49Davidson K., 1999, ASPC, 179, 304, (eds. Morse J.A., Humphreys R.M., Damineli A.)Dukes R.J., 1974, ApJ, 192, 81van Genderen A.M., 1977, A&A, 54, 733van Genderen A.M., 2003, A&A, 397, 921van Genderen A.M., Sterken C., 1996, A&A, 308, 763van Genderen A.M., de Groot M., Sterken C., 2001, ASPC, 233, 59, (eds. de Groot M.,Sterken C.)van Genderen A.M., Sterken C., Allen W.H., Walker W.S.G., 2006, J. Astron. Data, 12,3van Genderen A.M., Sterken C., Allen W.H., Walker W.S.G., 2007, J. Astron. Data, 13,1Gim�enez A., Clausen J.V., Andersen J., 1986, A&A, 160, 310Guinan E.F., Ribas I., Fitzpatrik E.L., et al., 2000, ApJ, 544, 409Hammershlag-Hensberge G., Zuiderwijk E.J., van den Heuvel E.P.J., 1976, A&A, 49,321Kaper L., van der Meer A., Najarro F., 2006, A&A, 457, 595Lovell L.P., Hall, D.S., 1971, PASP, 83, 360Ogata H., 1973, IBVS, 784Pakull M.W., 1982, in Areting Neutron Stars, Pro. Workshop M. Plank Inst. 177,Garhing, Brinkmann W., Tr�umper J., (eds), p. 53Quaintrell H., Norton A.J., Ash T.D.C., et al., 2003, A&A, 401, 313Smith M.A., 1985, ApJ, 297, 206Stahl O., Weis K., Bomans D.J., et al., 2005, A&A, 435, 303Watson M.G., Warwik R.S., Corbet R.H.D., 1982, MNRAS, 199, 915Whitelok P., Feast M.W., Marang F., Breedt E., 2004, MNRAS, 352, 447Whitelok P., Laney D., 1999, ASPC, 179, 258, (eds. Morse J.A., Humphreys R.M.,Damineli A.)


