
COMMISSIONS 27 AND 42 OF THE IAUINFORMATION BULLETIN ON VARIABLE STARSNumber 5907 Konkoly ObservatoryBudapest29 September 2009HU ISSN 0374 { 0676DRASTIC CHANGES IN PHOTOMETRIC VARIABILITY OF V410 TauGRANKIN, K. N.; ARTEMENKO, S. A.Crimean Astrophysial Observatory, 98409 Nauhny, Crimea, Ukraineemail: kgrankin�rao.rimea.ua, sartem�rao.rimea.uaV410 Tau is a weak emission-line T Tauri star with a spetral type K4, lithium inabsorption and a weak H� emission (Herbig and Kameswara Rao, 1972; Cohen andKuhi, 1979; Holtzman, Herbst, and Booth, 1986), it is also a soure of highly variable,nonthermal, radio emission (Cohen, Bieging, and Shwartz, 1982; Beker and White,1985), but exhibits no infrared exess (Ruinski, 1985). V410 Tau is a fast rotating star(v sin i � 70 km/s; Hartmann et al., 1986) with a 1.872 day rotational period derivedfrom its photometri variability (Rydgren and Vrba, 1983; Vrba et al., 1988; Bouvier andBertout, 1989). The periodi light variations have an amplitude of 0.2-0.6 mag in theV -band, whih is attributed to old stellar spots that over at least 29% of the stellarsurfae (Grankin, 1999). This young rapidly-rotating star thus exhibits intense surfaemagneti ativity, also witnessed by its large X-ray luminosity (3� 1030 erg/s, Stelzer etal., 2003) and strong ares in the U -band (Fernandez et al., 2004). V410 Tau is indeedan ideal andidate for an in-depth study of magneti ativity in ool stars: it is relativelybright, well situated for observation from the northern hemisphere and has exhibited thelargest amplitude of variability among all known spotted variables (inluding RS CVnand BY Dra stars).The photometri variations of this star have been monitored for 20 years (1986-2006)at Maidanak Observatory (Uzbekistan) and ontinued at Crimean Astrophysial Obser-vatory (CrAO) in Ukraine sine 2007. Over nearly 18 years (1986-2004), V410 Tau hasexhibited smooth periodi light variations resulting from ool spotted regions on its sur-fae (see Grankin et al., 2008). Model alulations (Grankin, 1999) show that, (1) thespot temperature is lower than the photospheri temperature by at least 1450 K, and (2)spotted regions over from 29% to 67% of the visible stellar hemisphere. Small variationsin the mean brightness level and in the shape of the light urve over the period 1986-2004suggest limited spot evolution over the years.However, drasti hanges started to our in the light urve of V410 Tau from 2005on. While the photometri variations were quite smooth, sinusoidal and repeatable overthe time period 1986-2004 (see Fig. 3 in Grankin et al., 2008), the amplitude suddenlystarted to derease quite signi�antly in 2005, reahing a minimum in 2007-2008. Theoptial V light urve based on photoeletri observations of 1981-2008 is shown in Figure 1.The statistial properties of long-term photometri behaviour of V410 Tau are presentedin Table 1. Individual data are available upon request. It is visible from Figure 1 andTable 1 that the amplitude of variability has reahed a reord minimum in 2007/2008(0:m08-0:m06) while the maximal amplitude was observed in 1998/1999 (0:m63-0:m62). Themean brightness level has been hanged very little during this time interval.
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Figure 1. Optial V light urve of V410 Tau based on photoeletri observations of 1981-2008. Dataare from Rydgren and Vrba (1983), Vrba, Herbst, and Booth (1988), Bouvier, Bertout, and Bouhet(1988), Herbst (1989), Grankin (1999), Grankin et al. (2008), and this paper. Observationsorresponding of the minimal amplitude are indiated by the blak �lled irles, and other observationsby the grey �lled irles.Table 1. The long-term photometri behaviour of V410 Tau. Columns are: Year - observation season,Nobs - number of observations, V - mean magnitude in V , �V - standard deviation in V , Vmax - maximumbrightness in V , �V - photometri amplitude in V , U �B, B � V , V � R - mean olor index in U �B,B � V , and V �R aordingly.Year Nobs V �V Vmax �V U � B B � V V �R1981 26 10.939 0.066 10.822 0.221 0.935 1.221 1.0541983 38 10.886 0.067 10.760 0.250 0.940 1.213 1.0461984 59 10.895 0.086 10.770 0.320 0.918 1.211 1.0411985 35 10.925 0.151 10.710 0.420 0.850 1.211 1.0521986 150 10.897 0.176 10.620 0.590 0.917 1.193 1.0471987 86 10.936 0.191 10.630 0.605 0.894 1.157 1.0441988 104 10.934 0.135 10.690 0.461 0.929 1.165 1.0391989 75 10.884 0.127 10.691 0.388 0.942 1.161 1.0331990 78 10.886 0.121 10.672 0.483 0.927 1.152 1.0431991 68 10.904 0.158 10.694 0.475 0.930 1.157 1.0401992 77 10.853 0.169 10.612 0.540 0.912 1.151 1.0361993 56 10.864 0.211 10.582 0.600 9.999 1.141 1.0331994 32 10.796 0.199 10.519 0.628 0.915 1.140 1.0161995 52 10.820 0.192 10.582 0.573 0.886 1.140 1.0281996 42 10.872 0.180 10.634 0.548 0.917 1.147 1.0391997 48 10.896 0.175 10.641 0.576 0.928 1.152 1.0361998 37 10.816 0.223 10.581 0.630 9.999 1.148 1.0171999 49 10.832 0.227 10.555 0.624 0.923 1.154 1.0202000 21 10.830 0.191 10.613 0.504 0.884 1.149 1.0252001 44 10.833 0.163 10.643 0.531 0.842 1.166 1.0242002 49 10.872 0.158 10.628 0.596 0.960 1.166 1.0662003 39 10.821 0.153 10.578 0.471 0.951 1.184 1.0352004 27 10.823 0.144 10.597 0.443 0.971 1.180 1.0492005 14 10.847 0.075 10.729 0.249 9.999 1.203 1.0542006 20 10.879 0.079 10.701 0.265 9.999 1.206 1.0582007 14 10.880 0.022 10.838 0.081 0.910 1.189 1.0322008 42 10.852 0.031 10.805 0.055 0.922 1.172 1.046
These drasti hanges in the amplitude of variability during 2005-2008 were aompa-nied by signi�ant evolution of the shape of the phase light urve (see Figure 2). Duringthe 2005/2006 and 2006/2007 seasons the phase light urve had a omplex shape in thesense that two maxima and two minima were observed per yle. Suh shapes of the
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light urves an be a result of the existene of two extended spotted regions on oppositesides of the star. Similar light urves were observed during 1981-1985 (see Herbst, 1989).This � 23yr evolution (from 1983 till 2006) possibly reets a long term ativity ylesimilar to the 11-yr yle ourring in the Sun. Reently some publiations informs on thedetetion of shorter yles of ativity for this star within the range of 4-13 years (Stelzeret al., 2003; Sokolo� et al., 2008; Ol�ah et al., 2009). In any ase, to hek if V410 Tauindeed has a yle with a quasi period of � 23yr it is neessary to use photographi andphotometri data from other observatories.
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Figure 2. Phased light urves of V410 Tau for the last eight seasons, withJD (Hel.) min = 2452234.28597 + 1.87197 � E.
What happens to the spot on�guration and to the underlying magneti �eld distri-bution during the last 4 years (2005-2008) of perturbations should therefore give us hintson how dynamo proesses are operating in young ative stars, something on whih veryfew onstraints have been obtained so far. At least 2 possible interpretations an be putforward to explain the sudden derease in amplitude of variability: either large monolithispots have drifted exatly to the stellar poles, or many small spots are now nearly evenlydistributed over the stellar surfae. These two possible, nearly axisymmetri on�gura-tions would produe little modulation of the light urve, as observed in 2007-2008.Preliminary simple modeling of the light urve of V410 Tau (f. Grankin et al. 2008)showed that:(i) The amplitude of the phased light urve depends on the degree of non-uniformityin the spot distribution more strongly than on the star's total spot area. An inrease inamplitude was aompanied by an inrease in the degree of non-uniformity in the spot
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distribution over the stellar surfae from 4 to 37%.(ii) The derease in average magnitude is attributable to the inrease in total spot areafrom 44 to 53% and that it is essentially independent of the degree of non-uniformity inthe spot distribution over the surfae (see Figure 3).These two results shows, that the seond interpretation is more likely, than the �rstone.
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Figure 3. Plots of the amplitude of V410 Tau against the non-uniformity in the spot distribution (left)and the average level of brightness against the total spot area (right), see Grankin et al. (2008) Fig. 10.for omparison.
In order to deide between these alternatives, we need to obtain Doppler maps of thestellar surfae, or even better, a Doppler-Zeeman map during several seasons. We willthen be able to understand how the ool polar spots or equatorial regions develop andextend with time, how muh toroidal and poloidal �elds of the magneti topology ontainsat eah stage of the evolution proess, and how muh the surfae of V410 Tau is shearedby di�erential rotation, a ruial ingredient for the dynamo proess.Referenes:Beker, R.H. and White R.L., 1985, ApJ, 297, 649Bouvier, J. and Bertout, C., 1989, A&A, 211, 99Bouvier, J., Bertout, C. and Bouhet, P., 1988, A&AS, 75, 1Cohen, M. and Kuhi, L.V., 1979, ApJ Suppl., 41, 743Cohen, M., Bieging, J.H. and Shwartz, P.R., 1982, ApJ, 253, 707Fernandez, M., Stelzer, B., Henden, A. et al., 2004, A&A, 427, 263Grankin, K.N., 1999, Astron. Lett., 25, 526Grankin, K.N., Bouvier, J., Herbst, W. and Melnikov, S.Yu., 2008, A&A, 479, 827Hartmann, L., Hewett, R., Stahler, S. et al., 1986, ApJ, 309, 275Herbig, G.H. and Kameswara Rao, N., 1972, ApJ, 174, 401Herbst, W., 1989, AJ, 98, 2268Holtzman, J.A., Herbst, W., and Booth, J.F., 1986, AJ, 92, 1387Ol�ah, K., Koll�ath, Z., Granzer, T. et al., 2009, A&A, 501, 703Ruinski, S.M., 1985, AJ, 90, 2321Rydgren, A.E., and Vrba, F.J., 1983, ApJ, 267, 191Sokolo�, D.D., Nefedov, S.N., Ermash, A.A. et al., 2008, Astronomy Letters, 34, 761Stelzer, B., Fernandez, M., Costa, V.M. et al., 2003, A&A, 411, 517Vrba, F.J., Herbst, W., and Booth, J.F., 1988, AJ, 96, 1032


