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HD 190336 A NEW � Cep STARJURCSIK, J.1; S �ODOR, �A.1; HAJDU, G.21 Konkoly Observatory of the Hungarian Aademy of Sienes, P.O. Box 67, H-1525 Budapest, Hungary;e-mail: name�konkoly.hu2 E�otv�os Lor�and University, Department of Astronomy, P.O. Box 32, H-1518 Budapest, Hungary

HD 190336 (mV � 8:m6; �2000:0 = 20h03m18:s68; Æ2000:0 = +33Æ26059:007) was found to be anunsolved new variable with f = 4:45732 d�1 frequeny and 0.0247 mag amplitude byKoen and Eyer (2002) during the revision of the epoh photometry data of the Hipparosatalogue. This star lies in the �eld that was observed by the HAT-5 telesope in June andJuly 2003 (Hartman et al. 2004). Based on these data the HATNET variability surveylassi�ed HD 190336 as a pulsating variable with P = 0:2244 d period (f = 4:45633 d�1).Although the HAT-5 light urve of HD 190336 shows it de�nitely that the star is notmonoperiodi (Fig. 1), no detailed analysis of the available photometri data of HD 190336has been performed previously. Photometri time series of HD 190336 was also observedwith the Optial Monitoring Camera (OMC, Mas-Hesse et al., 2003) on board the Integralsatellite (Winkler et al., 2003). The FITS format OMC data were onverted into ASCIItables using the OMC2ASCII program as desribed in Sokolovsky (2007).Table 1 summarises the log of the photometri data available for HD 190336.Table 1. Photometri observations of HD 190336Soure Observation period [JD℄ number of data� �lterHipparos 2 447 894{2 449 046 138 HipOMC 2452 595{2 453 961 296 VHAT-5 2 452 800{2 452 830 756 ICThe most deviant data points are omitted
The spetral type of HD 190336 was lassi�ed to be B0.7 II-III (Walborn, 1971), itsempirial temperature alibrations gave logTe� = 4:37 (Gulati et al., 1989). Based onits period, amplitude, shape and variability of the light urve, the star an be lassi�edas a new � Cep variable. Although all these data were available previously, HD 190336was not listed as a andidate � Cep star in the reent atalogue of galati � Cep stars(Stankov & Handler, 2005).The Fourier spetrum of the HAT-5 data shows 6 distint frequenies in the 4{5 d�1frequeny range, forming two equidistant triplets with �f = 0:135 d�1 spaing. Threeombination frequeny omponents an also be deteted. Cleaned spetra of the HAT-5 observations of HD 190336 are shown in Fig. 2. (See Roberts et al., 1987, on theappliation of the Clean algorithm on Fourier amplitude spetra of variable star time
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series.) The positions of the equidistant triplets and their linear ombination frequeniesare marked in Fig. 2. The deteted frequenies and their Fourier amplitudes and phases arelisted in Table 2. Frequeny triplets and doublets with the same frequeny spaing weredeteted in other � Cep variables also (see e.g. Handler, 2005). A trivial explanation ofequidistant triplets is rotational splitting, however e.g., Handler et al. (2006) interpretedthe equidistant spaing of the triplet frequenies deteted in the spetrum of 12 La asaidental beause the omponents were found to belong to di�erent order l modes.
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JD-2400000Figure 1. HAT-5 light urve of HD 190336.
Table 2. Frequenies deteted in the HAT-5 data of HD 190336frequeny amplitude / error phase� / errord�1 mag radf1 � f2 ��f 4.1894 0.0083 0.0003 4.04 0.08f2 4.3269 0.0134 0.0003 0.93 0.05f3 � f2 +�f 4.4576 0.0245 0.0003 3.94 0.03f4 � f5 ��f 4.5347 0.0064 0.0003 3.89 0.10f5 4.6665 0.0125 0.0003 4.37 0.05f6 � f5 +�f 4.8074 0.0054 0.0003 6.17 0.12f7 � f1 + f6 = f2 + f5 = f3 + f4 8.9908 0.0028 0.0004 3.50 0.24f8 � f3 + f5 = f2 + f6 9.1361 0.0017 0.0004 3.37 0.39f9 � f4 + f5 9.2040 0.0018 0.0004 3.44 0.36� Initial epoh T0 = 2452 800:0
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frequency [c/d]Figure 2. Clean spetra of the HAT-5 observations of HD 190336. Marks show the positions ofequidistant triplets with 0:135 d�1 spaing, and the exat positions of the linear ombinationfrequenies.
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Figure 3. Hipparos, Integral OMC and HAT-5 light urves of HD 190336 folded with the three mainfrequenies found in the data. In eah plot the the signals belonging to the other frequenies has beenremoved.
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The Hipparos and OMC data of HD 190336 make it also possible to investigate thestability of the deteted frequenies on longer time sale. Pigulski & Pojmanski (2008)deteted both period and amplitude hanges of the frequenies of multiperiodi � Cepvariables using ASAS-3 observations spanning over 6 years.Hipparos, OMC and HAT-5 light urves of HD 190336 folded with the three mainfrequenies found in the data are plotted in Fig. 3. In eah panel of this �gure, the thesignals belonging to the other frequenies has been removed.In the Hipparos data the three largest amplitude signals, f3; f5 and f2 also appear.Their amplitudes are 0.026, 0.022 and 0.019 mag, respetively, indiating either thatthe amplitudes of these frequenies are hanging, or that there are signi�ant di�erenesbetween their amplitude ratios in di�erent bands. The frequenies of the three signalsfound in the Hipparos data agree within the error ranges with the frequenies of thethree largest amplitude frequenies deteted in the HAT-5 data.The OMC V band data span over four years, overlapping with the 30 days intervalof the HAT-5 observations. Although both systemati and random noise are the largestin this data set, f3 and f5 an be deteted in the OMC data too. Their amplitudes arelose the same; 0.021 mag. For omparison, the amplitudes of these frequenies are 0.025and 0.013 mag in the HAT-5 data (I band). Removing f3 and f5 from the Integral data,the residual shows a frequeny at 4:3354 d�1, lose to the frequeny of f2 deteted in theHAT-5 and Hipparos data. The di�erene between the position of this frequeny and f2is, however, muh larger than it ould be explained by the unertainties of the frequenies.Therefore, most probably it is a di�erent frequeny.The available photometri observations of HD 190336 do not allow to perform a moredetailed asteroseismi study of the star and mode identi�ation of the deteted frequenies.They show, however, that HD 190336 is an ideal, interesting asteroseismi target whihde�nitely deserves further attention. Both observational and theoretial e�orts are neededin order to interpret its frequenies and their spaings.Aknowledgements This researh has made use of the SIMBAD database, operated atCDS, Strasbourg, Frane. The �nanial support of OTKA grant T-068626 is aknowl-edged. The Clean algorithm, as implemented by J. Leh�ar, has been used. These resultsare partially based on data from the OMC Arhive at LAEFF, pre-proessed by ISDC.
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