
COMMISSIONS 27 AND 42 OF THE IAUINFORMATION BULLETIN ON VARIABLE STARSNumber 5062 Konkoly ObservatoryBudapest25 April 2001HU ISSN 0374 { 0676
PRE-DISCOVERY PHOTOMETRY OF THE  DORADUS-TYPEPULSATING STAR HR 8330 (= HD 207223)GUINAN, E.F.; BOCHANSKI, J.J.; DEPASQUALE, J.M.; RIBAS,I.; MCCOOK, G.P.Department of Astronomy & Astrophysis, Villanova University, Villanova, PA 19085, USA.

Reently Kaye et al. (1999) presented B, V photometry and spetrosopy of HR 8330(HD 207223; V = 6:m18; B � V = +0:37; F2 V-IV) that show it to be a  Doradus-typepulsating variable star. The photometry was arried out during 1997/98 and shows thatHR 8330 to have phased, low amplitude sinusoidal light and radial veloity variationswith a period of P � 2:d6. As disussed by Kaye et al. (1999) and referenes therein, Dor stars are a newly disovered lass of generally young � F0-2 V to V-IV starshaving periods that range from 0:d4 to 3d. These stars are generally haraterized by lowamplitude light variations (< 0:m03 in V ) and small radial veloity variations of severalkm s�1. So far about a dozen stars have been identi�ed as bona-�de  Dor variables,along with an additional number of suspeted members of this lass. The exat natureof the pulsations in these stars is not well understood but they are thought to be dueto photospheri non-radial pulsations (NRP). The simultaneous photometry and highdispersion spetrosopy arried out by Kaye et al. (1999) strongly suggests, at least forHR 8330, that non-radial g-mode pulsation is the ause of the observed periodi light andradial veloity variations.Our photometry of HR 8330 was arried out over two intervals in 1995. Most of theobservations were made on 26 nights between 29 May{5 July, 1995. Six nights of ad-ditional photometry were obtained from 26 September to 2 Deember, 1995. HR 8330was not the primary target of this study but was originally used as a hek star forthe photometri study of the young, spotted solar-type star HN Peg. The di�erentialphotoeletri photometry was made using the 0.75-m Four College Automati Photoele-tri Telesope (loated in southern Arizona) and a set of �lters losely mathed to theStr�omgren uvby photometri system. The usual observing pattern of sky{omparison{hek{variable{omparison{sky was employed. 13 Peg (HD 207652; F2 IV; V � 5:m32;B � V = +0:37) served as the primary omparison star. Several Str�omgren standardswere also observed on most nights.The stars were observed with integration times of 10 seonds for about 25 minutesper night. Typially two independent measures of HR 8330 were obtained eah night.The observations were redued in the usual way and the delta-magnitudes were orretedfor di�erential atmospheri extintion and reorded times were onverted to HelioentriJulian Day Number. About 55{60 di�erential measures of HR 8330 were obtained in eahbandpass. The di�erential photometry of HR 8330 relative to 13 Peg indiated somewhatlarger than expeted satter (� �0:m015) in the measured deltamags. However, a loser
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Figure 1. The di�erential uvby observations of HR 8330 are plotted against pulsation phase using theperiod of P = 2:d59396. Phase 0.0 is adjusted to our at brightness minimum. The urves plottedamong the observations are least squares Fourier �ts to the data sets.
srutiny of the photometry using several onstant standard stars revealed that HR 8330has small (0:m02{0:m03) light variations and that 13 Peg (at least over the interval of ourobservations) was onstant in brightness to < 8 mmags. The apparent onstant nature of13 Peg indiated by our limited photometry is supported by Hipparos photometry whihlists values of �Hip = 0:m0007 and Hipparos \satter" measure of 6 mmags.It should be noted, however, that 13 Peg may not be an ideal omparison star beauseit is an astrometri binary (COU 14; P = 26:1 yr; a = 0:00366 arse; ÆmagHip = 1:m1) inwhih the fainter ompanion has been reported to be a variable star (see Tamazian et al.1999). Also, we note that 13 Peg is inluded in the New Catalog of Suspeted VariableStars (NVS 13891; Kukarkin et al. 1982). The inlusion of 13 Peg in the NCSVS is due tothe assignment of V = 6:16 for the star from the photometry of Fernie (1976). This valueis quite di�erent from the value of V � 5:m32 found from other photometri studies beforeor after that time. For example, from our study, and transforming y to V , we also �ndthat V = 5:m32� 0:m01 for 13 Peg. We suggest a possible solution to this apparent puzzle.It turns out that HR 8330 and 13 Peg have nearly the same delinations and have rightasensions that di�er by � 4 min. Moreover, both stars have nearly idential spetraltypes and olors. However, as given above, the mean V -mag of HR 8330 is V � 6:m18 andB�V = +0:37, whih are nearly idential to the values of V = 6:m16 and B�V = +0:35reported by Fernie for 13 Peg. Thus, we tentatively suggest that the V , B�V , and U�Bvalues given by Fernie (1976) may be atually those of HR 8330 instead of 13 Peg. Ofourse, more observations are needed to resolve this problem. But for the purposes of thispaper and in a separate paper on HN Peg, we onsider 13 Peg as the primary omparisonstar. For long term studies, we do not reommend using 13 Peg as a omparison star untilthe problem of the possible variability of its fainter ompanion is fully resolved.
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Figure 2. The loation of HR 8330 in the Mv{(b � y) diagram (adapted from Handler 1999) isshown along with the regions oupied by Æ Sutivariables and  Dor variables (and andidates).As shown HR 8330 is loated about 0:m5 abovethe Zero Age Main Sequene (ZAMS), in a regionwhere  Dor stars are typially found
Figure 3. The loation of HR 8330 in thelog(L=L�){log Te� diagram is shown. The evolu-tion traks from Shaller et al. (1992) are shownfor 1:4M�, 1:5M�, 1:6M� stars. The best �t ofthe observations to the models indiates a mass ofM � 1:5M� and an evolutionary age of � � 1:7Gyr

After the disovery of HR 8330 as a  Dor-type variable by Kaye et al. (1999), were-examined our photometry and phased the observations with their light elements:Tmin = HJD 2450758:440 + 2:d59396� E:The observations, plotted against phase using this ephemeris, learly show low ampli-tude sinusoidal light variations similar to those published by Kaye et al. (1999). Plots ofdi�erential u, v, b, y Æ-mags (HR 8330 minus 13 Peg) with least squares Fourier �ts tothe data sets are shown in Figure 1. The light urves were �rst onstruted using justthe May{July 1995 observations. As seen in the �gure, HR 8330, unlike most other Dor stars, laks a signi�ant systemati wavelength dependene. The following are theomputed light amplitudes found from least squares �ts: u (Ampl: = 0:m018� 0:m009), v(Ampl: = 0:m030 � 0:m008) b (Ampl: = 0:m028� 0:m006) and y (Ampl: = 0:m024 � 0:m005).Several other  Dor-type stars show multiple periods (e.g., see Zerbi et al. 1997 and Kayeand Zerbi 1997) but there is no evidene for this for HR 8330 from the 1995 or the 1997{98observations. However, additional periods ould be present but they would be diÆultto detet beause the brightness range for HR 8330 is relatively small and the number ofobservations too few.The observations were analyzed with the Sargle-Press power spetrum program (Sar-gle 1982). In arrying out the period study, we used the more heavily populated May-July1995 data subsets. Although the u, v, b, y observations were analyzed, the strongest sig-nals of a period were found for v, b, and y data sets, so these were used to determinethe period. The mean period for the 1995 observations found from the power spetrumanalysis is thus: P1995�ptm: = 2:d603� 0:d004. This period is very lose to the mean periodfound by Kaye et al. (1999). We tried to improve the photometri period by adjustingthe period to make the 1995 photometry phases of minimum and maximum light to agreewith the 1997{98 observations. Using the light elements of Kaye et al. (1999), we foundthat the minimum light ourred near (0:05� 0:03)P . The period that yielded the best�t is P1995�98 ptm: = 2:d593464. For future photometry of HR 8330, we reommend usingthe time of light minimum Tmin from Kaye et al. and the above period found from a timebaseline of 3 years.
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The loation of HR 8330 in the MV{(b � y) diagram, plotted along with the regionsoupied by Æ Suti and  Dor stars, is shown in Figure 2. This �gure was adapted fromHandler (1999) and the value of MV = +2:m67 � 0:m04 is alulated from the Hipparosparallax of �Hip = 19:9 � 0:8 mas and V = 6:m18. The value of (b � y) = +0:m226 wasobtained from SIMBAD and agrees well with our value for this index. As shown inFig. 2, HR 8330 is loated about 0:m5 above the main-sequene in a region of the MV{(b� y) diagram where  Dor variables are typially loated. The mass and evolutionaryage of HR 8330 are also estimated using the stellar evolution grids of Shaller et al.(1992). From the Str�omgren indies (b � y) = +0:226, m1 = 0:164, 1 = 0:632 and � =2:705 from SIMBAD, and using the Str�omgren photometry-Te� alibrations of Napiwotzki(1997), values of Te� = 6800 � 100 K and [Fe/H℄ = 0:02 were obtained. Applying thesmall bolometri orretion of BC = 0:m02 from Flower (1996), the values of MBol =2:m69 � 0:m04 and logL=L� = 0:824 � 0:035 are omputed. With the omputed valuesof logL=L�, logTe� , and [Fe/H℄ and using the evolution grids of Shaller et al. (1992),the following stellar properties were derived: M = (1:50� 0:05)M�, log g = 4:07� 0:06,R = (1:87� 0:25)R�, and age (�) = 1:7 � 0:4 Gyr. HR 8330 is plotted in Fig. 3, in thetheoretial logL=L� vs. logTe� plot from Shaller et al. (1992). The values found by usfor HR 8330 are very similar to those given in Table 1 of Kaye et al. (1999). The smalldi�erenes arise primarily from the di�erenes in the Str�omgren system alibrations andin the evolutionary models or relations used. As shown in the �gure, HR 8330 is evolvedo� the main-sequene and has a mass, age and Te� appropriate for its spetral type of F2V-IV. Unlike a number of other  Dor stars, whih appear young, HR 8330 is evolved.In summary, we on�rm the identi�ation of HR 8330 as a  Dor-type variable starand give a more re�ned period for the star from the analysis of the 1995 and 1997{98observations. In addition we have estimated the physial properties and evolutionary ageof HR 8330. Although we �nd no evidene of variability of the omparison star, 13 Peg,we reommend that this star not be used as a omparison star for studying HN Peg orHR 8330 in the future. A safer hoie for a omparison star is HD 209166 (V = 5:m60;B�V = 0:34; F4 III). HD 209166 was used by Kaye et al. (1999) and found to be onstantin brightness.This researh is supported from a grant from U.S. National Siene Foundation forResearh at Undergraduate Institutions (RUI): NSF Grant No. 00-71260. This researhhas made use of the Simbad database, operated at the CDS, Strasbourg, Frane.
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