
COMMISSIONS 27 AND 42 OF THE IAUINFORMATION BULLETIN ON VARIABLE STARSNumber 4698 Konkoly ObservatoryBudapest15 April 1999HU ISSN 0374 { 0676ON THE MONOPERIODICITY OF THE SUSPECTED � SCUTI STARIOTA BOOTISL.L. KISS1, E.J. ALFARO2, G. BAKOS3, B. CS�AK1, K. SZATM�ARY11 Department of Experimental Physics & Astronomical Observatory, JATE University, H-6720 Szeged, D�omt�er 9., Hungary, e-mail: l.kiss@physx.u-szeged.hu2 Instituto de Astrof��sica de Andaluc��a, CSIC, Granada, Spain3 Konkoly Observatory, H-1525 Budapest, P.O. Box 67, HungaryThe light variation of � Bootis (= 21 Boo = HR 5350 = HD 125161 = HIP 69713,spectral type A9V) was discussed earlier by Albert (1980), Szatm�ary (1988), G�al et al.(1994) and Kiss (1995). The principal period of light variation around 38{40 min wasunambiguously revealed. Handler & Paunzen (1995) have not found convincing evidencefor variability, but they have not given any further detail. Rodr��guez et al. (1994) listedthe main parameters of the star, such as the period, amplitude (0.027 days and 0.03 mag {values given by Albert 1980), and various photometric indices (B�V = 0:20, U�B = 0:06,b�y = 0:128, m1 = 0:198, c1 = 0:834 mag). Unfortunately, the earlier measurements hadvery short time-spans and consequently, the stability and possible multiperiodicity couldnot be studied. The main aim of this note is to present new observations and a reanalyisof earlier data together with the new measurements.Photoelectric BV observations were carried out at Szeged Observatory (Hungary) onMay 5, 1998. The data was obtained using a single-channel Optec SSP{5A photometerattached to the 0.4-m Cassegrain telescope. We carried out di�erential photometry rela-tive to HR 5360 (V = 6:19, B � V = 0:07 mag). The achieved accuracy in V was about�0:m01. Further observations were obtained at Sierra Nevada Observatory (Spain), on4 nights in June, 1998 (19th, 20th, 23th and 24th), using the 0.9-m telescope equippedwith a four-channel uvby photometer. Here we made all-sky photometry monitoring theextinction curves by following two Str�omgren standards (HR 6577 and HD 185734). Theaccuracy in y was �0.002{0.007, depending on the weather conditions. We analysed they measurements combined with the V data. The colour-dependent standard transfor-mations could be neglected, as the b � y index does not change more than 0.002 mag,implying y data to be only slightly shifted relative to the Johnson V . The observationaldata are available upon request from the �rst author.The new observations alone revealed the well-known periodicity of 38 min bearing anamplitude (�V ) somewhat smaller than 0.01 mag. We put together all new data (V and y)with earlier measurements by Kiss (1995) after subtracting the mean values. This step canbe questioned, as similar subtraction can signi�cantly change the determined frequencycontent. However, two observational facts were considered before doing this. First, the
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Figure 1. The power spectrum of the whole dataset. The inset shows the window function.10 main cycles observed by Kiss (1995) suggested the lack of long-term variation of themean brightness. Second, photometric observations of lower accuracy by the Hipparcossatellite (ESA 1997) did not con�rm the period value listed by Rodr��guez et al. (1994),nor any other signi�cant light variation with higher amplitude.We calculated the Discrete Fourier Transform (DFT) of the whole dataset using Pe-riod98 (Sperl 1998). We plotted the power spectrum with the window function in Fig. 1.The spectrum contains one principal peak at f = 37:750 � 0:001 c/d (which correspondsto a period of 38:145 � 0:001 min) with a semi-amplitude of 0.0035 mag. The quotedvery small uncertainty of the frequency is due to the very stable light variation. A lowerlimit for the relative stability of the period (�P=P ) is 2:62 � 10�5. This is well illustratedby the phase diagram based on all observations between 1995{1998. Although they spanmore than 40000 cycles, the combined phase diagram (Fig. 2) has quite small scatter, notexceeding the usual observational errors.
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Figure 2. The combined phase diagram of all data.



IBVS 4698 3After pre-whitening with the principal frequency, the remaining amplitude spectrumdoes not contain any peak higher than 0.001 mag. Thus, we conclude that � Bootis hasa highly monoperiodic light curve, which can be �tted quite well with a one-componentsine function. This can be seen in Fig. 3, where the new data are plotted with the �ttedfunction (A = 0:0035 mag, f = 37:750 c/d, � = 0:117).
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Figure 3. The V light curves of � Bootis. The solid lines represent the one-component �t. Data inpanels (1){(3) were obtained in Szeged, (4){(7) in Sierra Nevada.This relatively long term stability of the period raises the question whether the lightvariation can be associated with pulsation. Such rapid variations with periods of 30{50min were also observed in other � Scuti candidates (e.g. Rodr��guez et al. 1999). While� Bootis is a fast rotating star (v sin i = 130 km s�1, Abt & Morrell 1995), the presenceof high-order non-radial oscillations is very possible (see, e.g., Mantegazza 1997). Unfor-tunately, this issue can be studied only with the help of high resolution spectroscopy in



4 IBVS 4698order to detect line pro�le variations. Therefore, further spectroscopic observations aredesirable to answer two questions: i) Is the observed variation due to pulsation?; ii) Ifyes, which mode is excited?Another important problem is the determination of fundamental physical properties.To our knowledge, the only publication listing accurate parameters is that of Malagnini &Morossi (1990), who derived luminosities, e�ective temperatures, radii, masses and surfacegravities for a selected sample of �eld stars with help of spectrophotometric observationsand trigonometric parallaxes. Their calculation strongly depends on the stellar parallaxavailable that time (48.1 mas, 25% error). However, the new parallax measurement ofthe Hipparcos satellite is 33.54 mas (s.e. 0.56 mas), being more than 30% smaller, corre-sponding to a distance of 29.8 pc. Thus, we repeated the calculations with replacing theparallax, and using the recent synthetic colour grids of Kurucz (1993). The assumption ofsolar metallicity, b�y = 0:128 and c1 = 0:834 infer an e�ective temperature of 8000 K andlog g = 4:3. The estimated uncertainties are about �200 K and �0.1 dex, where the e�ectof fast rotation exceeds the photometric errors (Michel et al. 1998). For V = 4:75 magand d = 29:8 pc, we get a visual absolute magnitude of MV = 2:38 mag. The bolometriccorrection for an A9V star is BC = �0:09 mag, resulting in Mbol = 2:29 mag. Mbol andTe� = 8000 K give a radius of R� = 1:6 � 0:1 R�, while log g and radius infer a stellarmass of M� = 1:9� 0:4 M�. These values strongly suggest that � Bootis lies on the mainsequence (see, e.g., Appendix E in Carroll & Ostlie 1996).This work has been supported by MTA-CSIC Joint Project No. 15/1998, HungarianOTKA Grants #F022249, #T022259, and Szeged Observatory Foundation.References:Abt, H.A., Morrell, N.I., 1995, ApJS, 99, 135Albert, J., 1980, AAVSO Journal, 9, No. 1, 20Carroll, B.W., Ostlie, D.A., 1996, An introduction to modern stellar astrophysics, Addi-son-Wesley Pub., New YorkG�al, J., Szatm�ary, K., Vink�o, J., 1994, IBVS, No. 4071ESA, 1997, The Hipparcos and Tycho Catalogues, ESA SP-1200Handler, G., Paunzen, E., 1995, Delta Scuti Star Newsletter, No. 9, 6Kiss, L.L., 1995, IBVS, No. 4237Kurucz, R.L., 1993, ATLAS9 Stellar Atmosphere Programs and 2 km/s Model Grids,CD-ROM No. 13Malagnini, M.L., Morossi, C., 1990, A&AS, 85, 1015Mantegazza, L., 1997, A&A, 323, 844Michel, E., Hern�andez, M.M., Baglin, A., Lebreton, Y., Belmonte, J.A., 1998, ASP Conf.Series, 135, 475Rodr��guez, E., L�opez de Coca, P., Rolland, A., Garrido, R., Costa, V., 1994, A&AS, 106,21Rodr��guez, E., Gonz�alez-Bedolla, S.F., Lopez-Gonz�alez, M.J., Rolland, A., Costa, V.,1999, IBVS, No. 4694Sperl, M., 1998, Comm. Astr. Seis. 111Szatm�ary, K., 1988, IBVS, No. 3262


