
COMMISSIONS 27 AND 42 OF THE IAUINFORMATION BULLETIN ON VARIABLE STARSNumber 4933 Konkoly ObservatoryBudapest4 August 2000HU ISSN 0374 { 0676MT PEGASI (= HD 217813) | A YOUNG SUN WITH STARSPOTSDEPASQUALE, J.M.; GUINAN, E.F.; BOCHANSKI, J.J.Astronomy & Astrophysics Department, Villanova University, Villanova, PA 19085, USABefore its discovery as a variable star, MT Peg (HD 217813; G1V; mv = +6:65 mag;B � V = +0:62) was used by us as a comparison star for multi-band photometry of 51Peg. This photometry was carried out during the fall 1995 shortly after the announcementof a possible exosolar giant planet in orbit around 51 Peg by Mayor & Queloz (1995).The existence of this planet was subsequently con�rmed by Marcy et al. (1997). Thephotometry was made primarily to investigate possible light variations of 51 Peg thatcould account for the 4.43 day, � 56 m/s radial velocity variations reported for this star(Mayor & Queloz 1995). After about two weeks of observations it became apparent thatMT Peg was a variable star with small (� 0:02 mag) light variations as noted by Guinanet al. (1995). Conversely, 51 Peg was found to be constant in brightness to less than afew millimags (Guinan et al. 1995), as later con�rmed by Henry et al. (2000).MT Peg has an assigned MK spectral type of G5V (Simbad). However, this spectraltype is not in good agreement with the spectral class of � G1V indicated from the UBVand Str�omgren indices that appear in the Simbad database. The observed B � V andU � B values of +0:62 � 0:01 and +0:10 � 0:01 mag, respectively, and the Str�omgrenindices of MT Peg of b � y = +0:39, m1 = +0:202, and c1 = +0:321 indicate a G0-1 Vstar rather than a G5V (Simbad). In addition, the absolute visual magnitude of MT Pegof Mv = +4:72 � 0:2 mag (computed using the Hipparcos parallax of d = 24:3 pc andhV i = +6:65 mag), is in better agreement with a near-ZAMS G1V star than a G5V star.It is possible that MT Peg has an unresolved blue companion that e�ects the color indicesbut this is unlikely. A new spectral classi�cation of MT Peg would be useful to resolvethis minor discrepancy.UBV RI photometry was conducted with the Four College Consortium (FCC) 0.8-mAutomatic Photoelectric Telescope (APT) in the Patagonia Mountains located in south-ern Arizona. The observations were made on 14 nights from 14 October{12 November1995. Di�erential photometry was made employing the usual observing sequence sky{comparison{variable{comparison{sky. The stars were observed for about 20{25 minutesper night with integration times of 10 seconds. Standard photometric reduction methodswere utilized to reduce the data. The UT times were transformed to heliocentric JulianDay (HJD) and di�erential atmospheric extinction corrections were applied. The observa-tions were converted to delta-magnitudes in the sense of variable minus comparison star.In the reductions, the role of the \variable" and \comparison" star were interchangedand 51 Peg served as the comparison star for the photometry of MT Peg. Because theangular separation of 51 Peg and MT Peg is small (< 2�), the corrections for di�erential
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Scale = 0.05 magFigure 1. Light variations of MT Peg from photometry obtained during October{November 1995 areshown.atmospheric extinction were negligible. To illustrate the light variations of MT Peg, theU , B, V , R, I observations are plotted in Figure 1 against Julian Day Number.As shown in Fig. 1, MT Peg has periodic quasi-sinusoidal brightness variations witha period of several days. Also the light variations are wavelength dependent with thegreater light amplitudes occurring at shorter wavelengths. From a power spectrum anal-ysis (Scargle 1982), a broad, de�nite peak is found for a period of P = 8:1 � 0:2 dayswhen all of the band-passes are used. Unfortunately, this observing run lasted less than amonth so that the photometric period is not as well de�ned as it could be with additionaldata. The observations were combined and plotted against phase with this period. Repre-sentative light curves and a geometrical starspot model �t (discussed later) are presentedin Fig. 2. As shown, the light variations are quasi-sinusoidal with light amplitudes thatare small and a function of wavelength. The observed light ranges for each band-pass are:U (0:018 � 0:003 mag), B (0:021 � 0:002 mag), V (0:015 � 0:003 mag), R (0:013 � 0:002mag), I (0:012 � 0:003 mag).The nature of the light variations and the wavelength dependence are similar to thosereported for chromospherically-active, cool stars (BY Dra and RS CVn variables) in whichthe light variations arise from the presence of starspots. The starspot hypothesis forexplaining the light variability of MT Peg is strongly supported by the discovery thatMT Peg is a moderately strong coronal X-ray source with an X-ray luminosity of Lx =1:25 � 1029 erg s�1 (Gaidos 1998). Moreover, the Lx observed for MT Peg is in excellentagreement with the value expected from Lx�Prot relationship found by G�udel et al. (1997)for G0-5 V stars, with the adopted rotation period of Prot = 8:1 d. Also, because therotation of a single, solar-type star is dependent on age, the \rotational" age of MT Pegis about 0:7 � 0:2 Gyr from age� Prot relation from Dorren et al. (1994). Although this
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Figure 2. Starspot model �ts to the B and R observations are shown in the lower part of the �gure.Di�erent rotational aspects of the star are shown. The observations are phased with a period of 8.1days.\spin-down" age for MT Peg is similar to the evolutionary age of Hyades stars, the (U ,V , W ) space motions of MT Peg of (+22:4, +11:2, +11:9) km s�1 are not consistent withmembership in the Hyades Moving Group (�40, �18, �2) (Soderblom & Clements 1987).However, the space motions of MT Peg are similar to those of the Sirius Supercluster of(+11:1, +3:3, �8:2) km s�1. A recent determination of the age of the Sirius Supercluster(which includes the Ursae Majoris Star Stream) is � 0:49 � 0:13 Gyr (Palou�s & Hauck1986).The light curves were modeled using a simple starspot model included in the BinaryMaker Program (Bradstreet 1993). In this case, the companion star was given a near zeromass and luminosity. The amplitudes and shapes of the light curves were �tted throughmanual iterations. We adopted a model with two cool, circular starspots. From theassumed spectral class of G1V, we also assumed a temperature of Te� = 5800 K for theimmaculate regions of the star (Cox 2000). Because of the low amplitude light variations,there is little information contained in the light curves about the latitudes of the starspotson the star. The best �ts were obtained when the spots were placed at latitudes of 30�and 60�. After about 50 iterations we obtained satisfactory �ts to U , B, V , R, I lightcurves; the best �ts were obtained with a total spot coverage (measured relative to thestar's total surface area) of � 2:2% or 4.4% if equatorial symmetry is assumed and thespots are located in both northern and southern hemispheres. From the iterative analysis,we found that the spots were separated in longitude by � 90 � 25�. Figure 2 shows thespot model �ts to the B and R observations. The wavelength dependence of the lightvariations indicates a di�erence of temperature (photosphere � spot) of � 500 � 150 K.For the modeling, we assumed the rotational pole of the star is viewed at a nominal value



4 IBVS 4933i = 60� to our line-of-sight. When a precise value of the projected rotational velocity(v sin i) is determined from spectroscopy, then the inclination of the star (i) can be foundfrom its rotational period. Because of the small light variations and the lack of Dopplerimaging, the latitudes of the star spots can not be accurately determined. However, theyshould be considered as representative of spot areas, distributions, and temperatures atthe time of observations.MT Peg is an important star for studying the magnetic evolution of our Sun. Inparticular, its estimated age of � 0:5{0.7 Gyr makes it a suitable bright, nearby proxy forthe Sun at an age when life was �rst developing on Earth some � 4 Gyr ago. Additionalphotometry is needed to re�ne its period as well as to investigate possible di�erentialrotation and a starspot activity cycle commonly found for other young solar-like stars. Amodern determination of a MK spectral type would be very useful to con�rm our adoptedG1V spectral class. Also high dispersion spectra are needed as well to determine the star'sprojected rotational velocity (v sin i) and to ascertain that it is a single star.This research is supported by grant AST-9315365 from NSF/RUI and NASA grantsNAG 5-2160 and NAG 5-3136, which we gratefully appreciate. This research has madeuse of the Simbad database, operated at CDS, Strasbourg, France.References:Bradstreet, D.H., 1993, Binary Maker 2.0: Light Curve Synthesis Program, (ContactSoftware, Norristown, PA)Cox, A.N., 2000, Allen's Astrophysical Quantities, (Springer: New York), p. 151Dorren, J.D., Guinan, E.F., & DeWarf, L.E., 1994, Cool Stars, The Sun and StellarSystems: The Decline of Solar Magnetic Activity with Age, p. 399Gaidos, E.J., 1998, PASP, 110, 1259G�udel, M., Guinan E.F., & Skinner, S.L., 1997, ApJ, 483, 947Guinan, E., Dukes, R., Nations, H., Buzasi, D., & McCook, G.P., 1995, IAUC, No. 6261Henry, G.W., Baliunas, S.L., Donahue, R.A., Feckel, F.C., & Soon, W., 2000, ApJ, 531,415Marcy, G.W., Butler, R.P., Williams, E., Bildsten, L., Graham, J.R., Ghez, A.M., &Jernigan, J.G., 1997, ApJ, 481, 926Mayor, M., & Queloz, D., 1995, Nature, 378, 355Palou�s, J., & Hauck, B., 1986, A&A, 162, 54Scargle, J.D., 1982, ApJ, 263, 835Soderblom, D.R., & Clements S.D., 1987, AJ, 93, 920


