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 DORADUS-TYPE VARIABLESIN THE OPEN CLUSTER M34The 
 Doradus stars constitute a new class of low-amplitude variable stars. Krisciunas& Handler (1995) list known members and candidates. These stars typically show bright-ness variations of several hundredths of a magnitude on time scales of 0.5 to 3 days. 
Dor stars typically have early F-type spectra and are found on, or just above, the mainsequence in the Hertzsprung-Russell Diagram. The most likely explanation for their vari-ability is that they are exhibiting non-radial gravity mode pulsations (Aerts & Krisciunas1996, Balona et al. 1996).Eggen (1995) and Krisciunas et al. (1995) suggest that the 
 Doradus phenomenonis age related. There is evidence that many of these stars are younger than 150 Myr.Krisciunas et al. (1995) searched for candidates in the Hyades (age � 600 Myr) andfound none. The basic idea is that once photospheric convection sets in, the gravity-modepulsations no longer are observable. Given the masses of these stars (� 1.6 M�), theirmain sequence phase must last about 3 Gyr. We are naturally interested to know whatfraction of their main sequence life is spent exhibiting pulsations.Our interest in M 34 (NGC 1039) is that it is a reasonably nearby open cluster whoseage is estimated to be 250 Myr (Ianna & Schlemmer 1993), which is in between the age ofNGC 2516 (with eight 
 Dor stars) and that of the Hyades. Ianna & Schlemmer (1993)provide a �nding chart, plates coordinates, apparent magnitudes and B{V colors for thestars. Their photometry, however, is derived from photographic plates and is accurate tono better than � 0.1 mag.Given that early F stars listed in the Bright Star Catalogue have B{V colors in therange 0.26 to 0.40, and given the color excesses of the stars in M34 (0.07 mag), we selectedstars from Ianna and Schlemmer's list with 0.33 < B{V < 0.47. With one exception (UVa197) all of our 11 program stars have membership probabilities greater than 0.6. We usedUVa 123 as our principal comparison star and UVa 166 as a check star. These two starsand 9 of our 11 program stars were observed photoelectrically by Johnson (1954). Ourobserving procedure was to do V -band di�erential photometry and observe the principalcomparison star after every third program star. Transformation to the UBV system wasaccomplished with di�erential measures of the red-blue pair BS 8451 and BS 8453 (Hall1983).We observed at Mauna Kea with the University of Hawaii's 0.6-m telescope and anOptec SSP-5 photometer belonging to the University of Hawaii at Hilo. Our seven nightrun began on 19 September 1996 UT. We lost three whole nights to clouds and one toequipment problems but did manage to obtain some accurate photometry. From obser-vations of the principal check star (UVa 166) and 5 of our program stars that appearedto be constant (UVa 135, 186, 197, 200, and 251) we estimate that the accuracy of anindividual measurement was � 5.5 mmag. (Our faintest star, UVa 236, gave a lower signalto noise ratio and a correspondingly larger internal error.)



2Table 1. Summary of di�erential photometry of M34 stars. The comparison star in all cases was UVa123 (V = 10:46, B{V = 0:16). For each star we give the assigned UVa numbers of Ianna & Schlemmer(1993), the mean di�erential V magnitude, the internal error of a single di�erential value (i.e. thestandard deviation of the distribution, not the mean error of the mean), and the number of data pointsUVa < �V > �(mmag) N135 0:780 5:7 20144 1:017 10:0 21161 1:442 5:8 19162 1:003 5:9 19166 �0:749 4:7 21186 0:722 3:9 19197 0:639 5:1 18200 1:008 6:9 18224 1:035 11:4 18232 0:995 7:3 19236 2:406 16:1 18251 1:238 7:1 18Our individual data, amounting to 228 di�erential measurements, can be obtainedfrom IAU Commission 27 as �le 318E of unpublished photometry. (See Breger, Jaschek,& Dubois 1990 for further information on that archive.) We give in Table 1 a summaryof the photometry obtained. The internal error of our nightly means in Table 1 comparedto the di�erential magnitudes derivable from Table 5 of Ianna & Schlemmer (1993) is �0.082 mag, which we attribute to the fact that their data were derived from photographicplates. It is also revealed that the V magnitude adopted by Ianna & Schlemmer issystematically too bright. If we use as a reference the V -band values for the 10 starsobserved photoelectrically by Johnson (1954), the mean internal error is � 0.021 mag.One should adopt Johnson's value of V = 10.46 for the comparison star, UVa 123.Because the di�erential magnitudes of our check star, UVa 166, and �ve of our pro-gram stars were constant, we have great con�dence that our comparison star, UVa 123, isconstant. Therefore, any variations observed in the other program stars can be attributedto those stars. Six of our eleven program stars showed evidence of low-amplitude vari-ability and are deserving of further study. UVa 144, 224, 232, and 236 showed evidenceof di�ering nightly means, while UVa 161, 162, 224, and 232 showed some evidence forvariations over the course of a single night. While we do not yet have data su�cient toprove that any of these stars are bona �de 
 Doradus-type variables (one would wantenough to obtain a decent power spectrum), we show below the light curve of the best 
Dor candidate in M34, UVa 224. It is reminiscent of parts of other single-site light curvesof 
 Dor stars. See for example Mantegazza, Poretti, & Zerbi (1994).If it is con�rmed that one or more of the early F stars inM34 vary by several hundredthsof a magnitude on a time scale of 0.5 to 3 days, we will then know for certain that the 
Doradus phenomenon extends to an age of 250 Myr in the lives of main sequence stars ofmass � 1.6 M�.Acknowledgments: We thank Ted Simon for drawing our attention to M 34. We thankSusanna Martin for useful discussions and for her (clouded out) attempts to observe thesesame stars. KK thanks the University of Hawaii for time on the 0.6-m telescope, andthanks the Joint Astronomy Centre for observing support.
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Figure 1. Di�erential V {band photometry of UVa 224 vs. UVa 123 (dots). Data for the star UVa 197vs. UVa 123 (open circles) are also shown, o�set by an arbitrary amountK. KRISCIUNASAstronomy DepartmentUniversity of WashingtonBox 351580Seattle, Washington 98195-1580USAe-mail: kevin@astro.washington.edu R.A. CROWEDept. of Physics and AstronomyUniversity of Hawaii at Hilo200 West Kawili StreetHilo, Hawaii 96720USAemail: rcrowe@maxwell.uhh.hawaii.eduReferences:Aerts, C., and Krisciunas, K., 1996, MNRAS, 278, 877Balona, L., et al. 1996, MNRAS, 281, 1315Breger, M., Jaschek, C., and Dubois, P., 1990, IBVS, No. 3422Eggen, O.J., 1995, IBVS, No. 4210Hall, D.S., 1983, IAPPP Communic., 11, 3Ianna, P.A., and Schlemmer, D.M., 1993, AJ, 105, 209Johnson, H.L., 1954, ApJ, 119, 185
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