
COMMISSIONS 27 AND 42 OF THE IAUINFORMATION BULLETIN ON VARIABLE STARSNumber 4679 Konkoly ObservatoryBudapest9 March 1999HU ISSN 0374 { 0676THE SUDDEN PERIOD CHANGE OF VV CEPHEID. GRACZYK, M. MIKO LAJEWSKI, J. L. JANOWSKICentre for Astronomy, Nicolaus Copernicus University, ul. Gagarina 11, PL-87 100 Toru�n, PolandVV Cep (HD 208816, HR 8383) is known as a massive eclipsing binary consisting ofan M supergiant and a Be companion showing strong Balmer and [FeII] emission lines(Cowley 1969). The orbital period, based on photometric data, is 7430d (Gaposchkin1937, Sait�o et al. 1980) and the eclipses are apparently total. Wright (1977) has foundthe spectroscopic orbits of both components from the radial velocity measurements ofsome neutral atomic lines of the M component and the H� emissions from an envelope ofthe hot companion. Assuming the inclination 77� he calculated the masses and sizes ofboth components concluding that M supergiant does not �ll up its Roche lobe. However,quite large eccentricity (e = 0:346) indicates that some mass transfer events may existnear the periastron passage, when temporary Roche-lobe overow drives a stream whichforms an accretion disk around the Be companion (Wright 1977, Stencel et al. 1993).The nature of the hot companion has attracted much attention over the last years.In particular the spectral type and temperature of the B star remain very uncertain.Estimates range from early B or even O (Hutchings & Wright 1971, Stencel et al. 1993)to as late as A0 (Hack et al. 1989).We have observed VV Cep as a part of a project of UBVRI photometric monitoring oflong period binaries. We used one-channel photometer with the 60-cm Cassegrain tele-scope at the Piwnice Observatory. The UBV realization was very close to the originalJohnson's response curves, while R and I bands were centered at shorter e�ective wave-lengths of 638 nm and 740 nm, respectively. As the comparison star 20 Cep has beenused.Figure 1 presents our light curves of VV Cep in the UBV bands, covering the periodfrom 1991 to the end of 1998. The large scatter of the observed magnitudes is dueto intrinsic variability of both components: semiregular pulsations of the M supergiant(visible in B and V light curves) and random uctuations of the hot component (seenmainly in U light curve). The amplitudes of the variations were about 0:m3 in the UBVbands and about 0:m2 in the I and R bands. The eclipse is very well seen in ultravioletand blue light. In the V light the eclipse is di�cult to detect because the amplitude of theM supergiant's pulsations is over three times larger than the depth of the minimum. Theperiod of the semiregular pulsation over the whole eclipse is about 114 d and correspondsvery well to the previously reported periods which range from 110 to 118 d (Sait�o et al.1980).We have analyzed the U�B, B�V, V�R colour curves. This allows us to remove muchof the intrinsic variations of the supergiant, in particular its pulsations.



2 IBVS 4679The eclipse duration was calculated using U�B, B�V curves where the eclipse is clearlyvisible. The eclipse began just after JD 2450541 and ended just before JD 2451177 in bothcolours. The totality phase seems not to be longer than 450 d in U�B and 477 d in B�Vcolour. This indicates that the 1997/98 eclipse was similar to the 1957/58 one (Larsson-Leander 1957, 1959) in the duration of totality phase and partial phases (Fig. 2). Theprevious 1977/78 eclipse (Fig. 3) seems to be di�erent in some aspects: it was asymmetric,with shorter totality phase and longer total duration (Sait�o et al. 1980).The most surprising feature of the eclipse is the disagreement between the observedtime of mid-eclipse and the predicted time based on the Gaposchkin's (1937) ephemeris(Fig. 4). The ephemeris gives JD 2450790 for the mid-eclipse time, while the observations(Fig. 2, 3) clearly show that it occurred at around JD 2450855. This means that the mid-eclipse occurred 65 d later than expected from the ephemeris. There are two probablereasons for such event: (i) inappropriate Gaposchkin's elements; (ii) the secular or evensudden change of period in VV Cep. We inspected diagram O�C (Fig. 4) for the past�ve eclipses observed since 1890 and recalculated the times of minima, but we did not�nd any systematic deviation from the Gaposchkin's elements (see e.g. Sait�o et al. 1980).This means that a sudden increase of about 1% in the orbital period occurred betweenthe two last eclipses!
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VFigure 1. The latest part of the UBV light curves of VV Cep including the 1997/98 eclipse. Thecomparison star was 20 Cep and its variability was smaller than reported by Sait�o (1978). The B and Vlight curves are shifted by +0.2 mag. and +1.0 mag. respectively. The errors of individual observationsare drawn with bars and for most of the nights are smaller than 0.006 for B, V and 0.010 for U band.The well-known reasons for the period change in binaries are: 1) mass transfer betweencomponents, 2) ejection of some amount of mass from a system, or 3) presence of a thirdbody. The sudden increase of the period suggests the �rst possibility (that is the mass



IBVS 4679 3transfer between less massive donor to more massive gainer) or the second one.Assuming, that the change in the period is caused entirely by a rapid mass-loss eventfrom the M star (the second scenario) we can calculate the total mass ejected duringthe period of last 20 years. There are two dynamical solutions conceivable in the case ofVV Cep system. The �rst one is the result of the Wright's spectroscopic orbit of the hotcomponent. It is a massive system (40M�) with the mass ratio q = MM=MB very closeto unity. In this case we obtained the value of the total ejected mass of the order of 0.1solar mass! This gives the lower limit of the mass loss rate of _M = 5� 10�3M� yr�1. Wepropose the second possibility: the medium mass model with mass ratio 0:2 � q � 0:3.In such a case, rejecting questionable spectroscopic solution for the hot component andusing well-de�ned mass function for the M star f(m) = 4:68�0:44, we get the mass of a Bstar of about 8M� (typical for early B main-sequence star) and the mass of M star about2:5M� (it corresponds to early AGB phase rather than to supergiants). This gives thetotal mass ejection of about 0:008M� and mass loss rate of _M = 4�10�4M� yr�1 which isconsistent with the estimates of the upper limits of mass loss rate from the M-componentin VV Cep (Stencel et al. 1993, Kawabata & Sait�o 1997). Assuming that the change ofperiod is caused by a mass transfer (the �rst scenario) we get the mass transfer rate of5 � 10�2M� yr�1 for q = 1 and 5 � 10�4M� yr�1 for q = 0:3. These calculations alsoadvocate the low mass model of the VV Cep system.
Figure 2. The 1997/98 eclipse in B�V (points)and the 1956/57 eclipse in similar P�V (solidline, Larsson-Leander 1957, 1959) shifted accord-ing to Gaposchkin's ephemeris by +2 � 7430d.The dashed line is a simple parabolic �t to theshoulders of the eclipse setting the time of mid-eclipse at JD 2450858. Note that both eclipsesare symmetric and of similarity in the depth andshape. Figure 3. The 1997/98 eclipse in U�B (points)and 1976/78 eclipse in 3500 �A{4170 �A colour(solid line, Sait�o et al. 1980) shifted by +7430d.The dashed line is a parabolic �t to observedshoulders and the time of mid-eclipse is JD+2450854. The minima are slightly di�erent inthe shape and the duration of the totality.Table 1 reports colours and V magnitudes of VV Cep and 20 Cep. The depth ofthe eclipse does not di�er signi�cantly from the last one in 1977 (Sait�o et al. 1980). Thecolours of the B component corresponds to B1 V main sequence star with E(B�V) = 0:63.However, this reddening seems to be overestimated in the case of M component.Acknowledgments: We are much indebted to prof. J. Kre lowski for correcting the En-glish text. This paper was supported by Nicolaus Copernicus Univ. Grant No. 352A.



4 IBVS 4679Table 1: Colours and V magnitudes for the both components of VV Cep and the comparison star 20 Cep.The colours of VV Cep during totality were adopted for the M component. The UBVR magnitudes of20 Cep were transformed to Johnson system from Argue (1966, 1967).Star U�B B�V V�R VVV Cep, outside eclipse 0.43 1.73 1.45 5.14VV Cep, M component 1.82 2.07 1.52 5.25VV Cep, B component �0.52 0.36 �0.4 7.6820 Cep 1.78 1.41 1.10 5.27
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Figure 4. The O�C diagram for the orbital period of the VV Cep system. The times and errors of the�rst three eclipses were estimated graphically using published photographic light curves by Gaposchkin(1937). The O�C of 1997/1998 eclipse obviously indicates a sudden large change in the orbital periodbetween the last two minima.References:Argue, A.N., 1966, MNRAS , 133, 475.Argue, A.N., 1967, MNRAS , 135, 23.Cowley, A.P. 1969, PASP , 81, 297.Gaposchkin, S. 1937, Harvard Coll. Obs. Circ., No. 421.Hack, M., Engin, S., Yilmaz, N. 1989, A&A, 225, 143.Hutchings, J.B., Wright, K.O. 1971, MNRAS , 155, 203.Kawabata, S., Sait�o, M. 1997, PASJ , 49, 101.Larsson-Leander, G. 1957, Arkiv Astron., 2, 135.Larsson-Leander, G. 1959, Arkiv Astron., 2, 301.Sait�o, M., 1978, IBVS, No. 1420.Sait�o, M., Sato, H., Saijo, K., Hayasaka, T. 1980, PASJ , 32, 163.Stencel, R.E., Potter, D.E., Bauer, W.H. 1993, PASP , 105, 45.Wright, K.O. 1977, J. Roy. Astron. Soc. Canada, 71, 152.


