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NN Ser AND V664 Cas: TWO PRE-CATACLYSMIC BINARIESWITH LARGE REFLECTION EFFECTPIGULSKI, A.; MICHALSKA, G.Wro law University Observatory, Kopernika 11, 51-622 Wro law, Poland, e-mails: pigulski�astro.uni.wro.pl,mihalska�astro.uni.wro.pl

Pre-atalysmi binaries (Ritter & Kolb 1998; Marsh 2000; Hillwig et al. 2000) on-stitute a small group of detahed short-period systems formed from wide binaries duringthe ommon-envelope stage of evolution (Pazy�nski 1976). They usually onsist of a hotwhite dwarf and a low-mass ool main-sequene seondary. The systems beome furtherthe atalysmi ones loosing angular momentum via gravitational waves and/or magnetibraking (Ritter 1986). The light urves of many pre-atalysmi variables exhibit largevariations aused by the reetion e�et. This is a onsequene of large temperaturedi�erenes at the seondary's surfae whih are aused by the heating of its hemisphereby a hot ompanion. The full amplitude of the reetion e�et exeeds 1 mag in somesystems. The study of the reetion e�et, espeially when observed in several bands,an help to onstrain system's parameters. This is very important in systems whih arenon-elipsing.We observed two relatively poorly studied pre-atalysmi stars, NN Ser and V664 Cas.All observations were arried out at the Bia lk�ow station of the Wro law University Obser-vatory with a 60-m Cassegrain telesope equipped with a 576 � 384 pixels CCD amera,an autoguider, and a set of UBV (RI)C �lters of the Johnson-Cousins system. For bothstars di�erential magnitudes with respet to nearby relatively bright stars of similar olourhave been formed. The di�erential photometry was left in the instrumental system.Using the positions of stars from the Hubble Guide Star Catalog, we derived the po-sitions of NN Ser and V664 Cas with an auray �0:001. They are the following:NN Ser, �2000:0 = 15h52m56:s12, Æ2000:0 = +12Æ54044:003, V664 Cas (GSC 4056.01762), �2000:0 =3h03m47:s01, Æ2000:0 = +64Æ54036:002. The photometri data for NN Ser and V664 Cas pre-sented here are available from the authors upon request.The photometri variations of NN Ser (PG 1550+131), a V � 17 mag pre-atalysmivariable, were revealed by Wilson et al. (1986) and H�afner (1989). The star shows nearlysinusoidal variations due to the reetion e�et and a very deep 10.5 min-long primaryelipse. Beause the star is very faint, the true shape and depth of the elipse was notknown until the reent observations with the VLT ANTU by H�afner (2000) on 10/11 June1999. The 18.5-min trail exposure showed learly that the elipse is total and has a reorddepth equal to 6.04 mag in the V �lter.We observed NN Ser on one night, 2/3 May 2000, in two bands, V and IC. The star wastoo faint for our telesope to be seen within the elipse, but the out-of-elipse variations
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ould easily be reorded. They are shown in Fig. 1 together with syntheti light hanges.The latter were obtained by means of the Wilson-Devinney ode (Wilson & Devinney1971) with parameters taken from H�afner (2000). Our photometry is not good enough toimprove system parameters given by this author, but the IC observations we provide arethe �rst presented for NN Ser in �lter other than V . As expeted, the reetion e�etin the IC light urve has a range of about 1 mag in omparison with about 0.6 mag inV . From our out-of-elipse observations in the V �lter we derived the time of minimumlight: HJD 2 451 667.4771 � .0004. The time of mid-elipse was derived by means of theleast-squares shifting the syntheti light urve (shown in Fig. 1) in time. Only the Vobservations were used for that. Four other times of minimum are available from theliterature (Table 1). All times of minimum resulted in the following ephemeris for theprimary elipse in NN Ser:Tmin I = HJD 2 447 344.52413(11) + 0:d13008010(2)E; (1)where the numbers in parentheses denote the r.m.s. errors of the last digit(s) and E isthe number of yles elapsed from the starting epoh.
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Figure 1. Di�erential V (dots) and IC-�lter (open irles) light urve of NN Ser obtained on 2/3 May2000. In order to indiate the loation of the elipse, syntheti hanges are also shown with ontinuousline.
Table 1. Times of primary minimum for NN SerTime of minimum E O�CHJD 2 400 000.+ [d℄ Referene47344.5240(5) 0 �.00013 H�afner (1989)47712.78093(5) 2831 +.00004 Wood & Marsh (1991)47713.82158(5) 2839 +.00005 Wood & Marsh (1991)48301.91353(5) 7360 �.00013 Wood & Marsh (1991)51667.4771(4) 33233 +.00101 this paper
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The variability of V664 Cas, the entral objet of the faint planetary nebula HFG 1(Hekathorn et al. 1982) was found by Grauer et al. (1987). They derived a period of0:d5817 and the range of about 1.1 mag in B �lter. The light urve they show is nearlysinusoidal. Despite the large variations, the variability is entirely due to the reetione�et. The system is non-elipsing (Grauer el al. 1987). As far as we are aware, no otherphotometry is available for this star.V664 Cas was observed by us on two onseutive nights, 18/19 and 19/20 Otober 1999through the V , RC, and IC �lters. These observations phased with the period derived byGrauer et al. (1987) are shown in Fig. 2. Although the phases near minimum were notovered, it is lear that the light urve is, likewise in the B �lter, nearly sinusoidal. It anbe also seen that the range of the reetion e�et is nearly the same in all three �lters.Fitting a sinusoid we derived the range of 1.132� .012, 1.140� .008, and 1.118� .006 magin V , RC, and IC, respetively. The average time of maximum light derived from our datain all three �lters is the following: HJD 2 451 470.5241 � .0004. Unfortunately, we annotimprove the period derived by Grauer et al. (1987), beause the time of maximum lightis not available for their observations.
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ORBITAL PHASEFigure 2. Di�erential light urve of V664 Cas in V (dots), RC (rosses), and IC (open irles) bandphased with a period of 0.5817 d derived by Grauer et al. (1987). Phase 0.0 was hosen arbitrarily.
As was shown by Aker & Stenholm (1990), the optial spetrum of V664 Cas isdominated by strong emission lines oming from the seondary's heated hemisphere. Thee�etive temperature of the primary estimated from its ultraviolet spetrum was foundto be in the range 50 000{60 000 K (Hekathorn & Fesen 1985). It is therefore likely ahot white dwarf. The diameter of the primary annot be onstrained from the analysisof the light urve beause the system is non-elipsing. Nevertheless, we have tried to �tthe V (RI)C light urves using again the Wilson-Devinney ode. We found that the onlyparameter whih an be reliably estimated is the inlination of the orbit whih amountsto about 30Æ.There are several pre-atalysmi binaries whih, like V664 Cas, show large reetione�et. These are: BE UMa, TW Crv, FF Aqr, VW Pyx, V 474 Lyr, UU Sge, and NN Ser.
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However, exept maybe VW Pyx (Kohoutek & Shnur 1982; Bond 1988), the amplitudeof the reetion e�et inreases towards longer wavelengths. In this respet, V664 Casseems to be exeptional. Its large reetion e�et with amplitudes pratially independentof the wavelength in the optial range an be qualitatively explained if we reall two fats:(i) the main ontribution to the total light omes from the heated seondary's hemispherenot the primary omponent, (ii) there is a strong gradient of the surfae brightness in theheated hemisphere. In general, for a given system, the larger the inlination, the largerthe amplitude of the reetion e�et is. So, how we an get a 1.1-mag reetion e�etin suh a low-inlination system like V664 Cas? Simple omparison of the areas of theheated hemisphere seen by the observer at the epohs of maximum and minimum lightis not suÆient to explain this. However, we have to remember the fat (ii) whih meansthat in the phases around the maximum light we see very hot areas nearby the substellarpoint. This is not the ase in the minimum, when we see only muh older areas of theheated hemisphere. Moreover, if we onsider only the ontribution of the seondary, weshould observe the inrease of amplitude with dereasing wavelength. However, there is aprimary in the system. Beause it is hot, its ontribution is larger in short wavelengths.This leads to the redution of the amplitude alulated from the ontribution of theseondary. In V664 Cas the two e�ets balane perfetly, leading to the independene ofthe observed amplitude of the reetion e�et of the wavelength in the optial range.
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