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HH UMa IS A CONTACT BINARY

PRIBULLA, T.1; PARIMUCHA, �S.2;3; CHOCHOL, D.1; VA�NKO, M.11 Astronomial Institute of the Slovak Aademy of Sienes, 059 60 Tatransk�a Lomnia, Slovakia;e-mail: (pribulla,hohol,vanko)�ta3.sk2 Faulty of Theoretial Physis and Geophysis, University of P.J. �Saf�arik, Moyzesova 16,040 01 Ko�sie, Slovakia; e-mail: parimuh�ta3.sk3 Roztoky Observatory, Observatory and Planetarium Pre�sov, Dylongova 16,080 01 Pre�sov, Slovakia
HH UMa (HIP54165, GSC 2521-1524, �2000 = 11h4m48:s1519, Æ2000 =+35Æ36026:00604,Vmax = 10:58; Vmin = 10:80) is one of the variables disovered by the Hipparos mission(ESA, 1997). In the Hipparos atalogue it is lassi�ed as a periodi variable star of theF8 spetral type with the following ephemeris for the maxima:Max = HJD2 448 500:155 + 0:1877470� E: (1)In the Simbad astronomial database (http://simbad.u-strasbg.fr/) the system isdenoted simply as a variable star. Duerbek (1997) lists HH UMa as a ontat binary withthe double period P = 0:3755 days sine in suh a ase it obeys period-olour relation ofontat binaries. Our observations show that the primary elipse preedes JD0 maximumby 0.5 of the pulsating period given by ephemeris (1). Then, the orreted Hipparosephemeris for the primary minima of ontat binary HH UMa is:Min I = HJD2 448 500:0611 + 0:375494� E: (2)HH UMa was observed during the tests of a new 50 m Newton telesope in theG1 pavilion of the Star�a Lesn�a Observatory of the Astronomial Institute of the SlovakAademy of Sienes. The telesope is equipped with the SBIG ST-10 MXE amera. Theobservations were obtained in Str�omgren v �lter on February 11, 2003 and in JohnsonBV �lters on February 12 and 22, 2003. The exposure times for the v and BV �lterswere 10 and 5 seonds, respetively. Due to the fast USB interfae we obtained about1000 observations in eah �lter. Hene, for larity Fig. 1 (left) shows normal points from�ve observations (in average).Seond part of the CCD photometry was obtained at the Roztoky Observatory (RO)(� = 21Æ2805400 E, ' = 49Æ3305700 N) on three nights on April 3, 4, 9, 2002. The 40 mCassegrain telesope equipped with the SBIG ST-8 CCD amera and standard John-son V RI �lters was used. For detailed desription of the telesope and equipment seePribulla (2003). The exposure times for the V and RI passband were 20 and 10 seonds,
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Figure 1: The BV CCD light urves and the B � V olour index obtained on February 12 and 22, 2003(left) and BV photoeletri light urves B�V olour index from all nights (right). The data were phasedaording to the ephemeris (3)
respetively. The data are quite sattered due to bad sky onditions and short exposures.Therefore, they were used for determination of the minima times only.The CCD frames in both ases were redued in the usual way (bias and dark subtra-tion, at-�eld orretion) in MIDAS redution pakage using proedures written by the�rst author. The brightness of the variable was determined by the aperture photome-try with respet to BD+36Æ2151. Sine the variable-omparison distane is less than 20no extintion orretion to the di�erential magnitudes has been applied. The resultingdi�erential magnitudes were left in the instrumental system.Some additional observations were obtained using 60 m Cassegrain telesope in theG2 pavilion of the Star�a Lesn�a Observatory of the Astronomial Institute of the SlovakAademy of Sienes. The 60 m Cassegrain telesope equipped with a single-hannelphotoeletri photometer was used. HH UMa was observed in �ve nights: Marh 30,2002, February 22, 23, 24 and Marh 2, 2003 in Johnson BV �lters. Data redution,the atmospheri extintion orretion and transformation to the standard internationalUBV system were arried out in the usual way (see e.g., Pribulla et al., 2001). Forall observations 10 seond integration time was hosen. BD+36Æ2151 and BD+36Æ2150were used as the omparison and hek star, respetively. The hek and standard stardi�erene was found to be stable within 0.01 mag during all nights. The resulting BVlight urves from all nights are shown in Fig. 1 (right).The shape of the light urve as well as small variation (� 0.02 mag) of the (B � V )
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olour index de�nitely prove that HH UMa is a ontat binary. The system, however,seems to be ative - the light urve shows small di�erenes between individual nights. Onmost LCs the maximum I (phase 0.25) is fainter than the other maximum.13 new minima times of HH UMa (Table 1) determined using the Kwee & van Woerdenmethod (weight w = 2), together with orreted Hipparos JD0 (ephemeris 2, w = 1)provide new linear ephemeris:Min I = HJD 2 452 368:3979 + 0:3754937 �E:�7 �3 (3)
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PhaseFigure 2. The best �ts to the BV CCD light urves obtained on February 12, 2003
Table 1: Average vBV RI times of the primary (I) and seondary (II) minima. The standard errors ofthe minima are given in parentheses. The (O-C) residuals are given with respet to the ephemeris (3)
JDhel Type (O � C) Obs. Filters JDhel Type (O � C) Obs. Filters2 400 000+ [days℄ 2 400 000+ [days℄52368.3983(2) I �0.0001 RO V RI 52683.4364(1) I �0.0011 G1 BV52369.338(2): II 0.0021 RO V RI 52683.6236(3) II �0.0014 G1 BV52369.5276(9) I 0.0042 RO V RI 52693.3863(9) II �0.0004 G2 UBV52374.4074(9) I 0.0011 RO V RI 52693.3864(1) II �0.0003 G1 BV52374.5915(5) II �0.0022 RO V RI 52693.5772(2) I 0.0030 G1 BV52673.4881(2) II �0.0002 G2 UBV 52695.4540(6) I 0.0009 G1 BV52682.4958(3) II �0.0042 G1 v
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Sine the spetrosopi mass ratio is unknown and the amplitude of the light variationsis rather low, we tried to determine the photometri elements for several �xed massratios. We used symmetri BV LCs from 50 m telesope obtained on February 12,2003. Experiments with the new ode ROCHE (see Pribulla, 2003) based on the Rohegeometry, showed that the minimum sum of squares ours around q = 0.35 { 0.45. Theresulting photometri elements for �xed mass ratio q = 0.40 and temperature of theprimary omponent T1 = 6200 (orresponding to F8 sp. type) are i = 52:Æ6�0:Æ9, �ll-out F = 0.19�0.04. The resulting �ts are shown in Fig. 2. The detailed analysis of allindividual light urves is under preparation.Aknowledgements. This study was supported by ApVT grant 20-014402 and grantVVGS/014/2003/F (University of P.J. �Saf�arik, Ko�sie).
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