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DETECTION OF A LARGE FLARE IN THE RS CVn STAR WY CnKOZHEVNIKOVA, A.V.1; ALEKSEEV, I.YU.2; HECKERT, P.A.3; KOZHEVNIKOV, V.P.11 Astronomial Observatory, Ural State University, 620083, Lenin Av. 51, Ekaterinburg, Russia,e-mail: kozhevnikova-a�yandex.ru2 Crimean Astrophysial Observatory, Crimea, 98409, Nauhnyj, Ukraine, e-mail: ilya�rao.rimea.ua3 Dept. of Chem. & Physis, Western Carolina University, Cullowhee, NC 28723 USA,e-mail: hekert�wu.edu
As a part of our ongoing study of RS CVn stars, we obtained new optial photometryof WY Cn in 2005 and 2006. Here we report on a are deteted on WY Cn in February2006. We alulated the are harateristis and analyzed the WY Cn spot ativitybefore and during the are. WY Cn (G5V+M2V, P = 0:83 d) is a short-period elipsingRS CVn system (N 82 in the atalogue of Strassmeier et al., 1993). WY Cn has beenstudied sine 1965 (Chambliss, 1965). It shows starspot ativity with the hotter primarystar being the ative one. Reently Hekert et al. (1998), Hekert (2001), and Kjurkhievaet al. (2004) noted seular luminosity inreases of nearly 0.1 mag in 1988, 1997 and 2001.We observed WY Cn at three observatories. We obtained Johnson{Cousins BV RIphotometry with the 61-m telesope at San Diego State University's Mount LagunaObservatory in May 2005 and January 2006, Johnson UBV RI photometry with the 1.25-m telesope and Piirola photometer at Crimean Astrophysial Observatory in February2006 and at Ural State University's Kourovka Observatory in January 2005 and February2006. The Mount Laguna and Crimean data were transformed to the standard systemusing data redution methods desribed by Hekert et al. (1998) and by Alekseev & Ger-shberg (1996). At Kourovka Observatory we used a three-hannel photometer attahedto the 70-m telesope. The program and omparison stars and the sky were observedsimultaneously. The data were olleted with 4-s sampling times. Beause the angularseparation between the program and omparison stars is only 170, the di�erential mag-nitudes are only orreted for the �rst order atmospheri extintion. The seond orderatmospheri extintion is small in the V and R bands but an play a role in the B band.However, we ompared our data obtained during several onseutive nights and made surethat the points of the individual lighturves with the same orbital phases and di�erentair masses are in range �0:01 mag. Thus, the seond order atmospheri extintion duringour observations in the B band was small too. Moreover, its inuene is anelled out tosome extent when data from di�erent nights are averaged.Simultaneous measurements of the program and omparison stars are advantageousbeause they provide more on�dene in the reality of the observed brightness variations.However, suh observations are diÆult to transform to the standard system beausewe do not know the program and omparison star magnitudes orreted for atmospheriextintion separately. Therefore at Kourovka observatory we used standard Johnson
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�lters, but the data were not transformed. Nonetheless, we ompared the Kourovkadata to the data obtained at the Mount Laguna and Crimean observatories during theoverlapping time intervals in January and February 2006 and found that the Kourovkadata are brighter than the Mt. Laguna data only by 0.01 mag. Also the Crimean dataare brighter than the Mt. Laguna data by 0.02{0.03 mag (in di�erent bands). Thereforewe shifted the Kourovka and Crimean data towards the Mount Laguna data to diminishthese deviations. We used HD 77173 as a omparison star at Mt. Laguna and CrAO,and BD+26Æ1883 at Kourovka. The data points have a statistial auray of 0.01 magor better. Phases were alulated from the ephemeris of Hall & Kreiner (1980): HJD =2426352:3895 + 0:82937112� E. Figures 1a, 1b, 1 show WY Cn V band lighturves.
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Figure 1. WY Cn lighturves in the V band, 2005{2006
Eah point of the Kourovka Observatory lighturves is an average of 31 individual 4-sintegrations. The lighturves show the out-elipse distortion wave aused by starspots.The are was deteted on 19.02.2006 during BV R observations at Kourovka observa-tory (see Fig. 1). The are ourred at phase 0.10 near the minimum of the distortionwave. After the initial rapid aring, the brightness deayed slowly. The star remained0.025 mag brighter for at least an hour after the are began.Figure 2 shows small portions of BV R lighturves near phase 0.10 with both individual4-s integrations and averages plotted. Sine eah olor was observed sequentially, somepoints of the are may be seen in di�erent olors. The are peaked at 21:50 UT and hada maximum amplitude of 0.134 mag in the B band. The time required for the are topeak (impulse phase) is about 3 min. The are duration is 64 min.The intensity of the are was alulated as If=I0 = (I0+f=I0)�1, where I0 is the meanintensity of the quiesent star level in one of the B, V , R bands. By numerial integrationof the are intensity over the are duration, the relative energy of the are was de�nedby RE = R If (t)=I0 dt. We estimated the absolute energy output Ef of the are using therelation: Ef = RE�EXq , where EXq is the quiesent star luminosity in X band, whih wealulated using: V = 9:467, B � V = 0:73, V �R = 0:63 and a distane of 85 p to thesystem. We used the Hipparos parallax (11.76 mas) of WY Cn as the most aurate
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Table 1: Flare propertiesBand Amplitude, mag Flare ux/system ux, % Integrated energy, ergB 0.134 5 10:24� 1034V 0.062 3 5:63� 1034R 0.045 2.6 0:96� 1034

Table 2: WY Cn spot parametersObs. period Vmax �V '0 �' fmin S1 S2 Observatory2005 Jan 9.496 0.069 0 8.3 0.51 6.3 4.5 Kourovka2005 May 9.430 0.087 0 6.7 0.20 4.7 2.3 Mt. Laguna2006 Jan 9.456 0.056 0 6.5 0.45 4.8 3.3 Mt. Laguna2006 Feb 9.461 0.026 0 5.1 0.67 4.1 3.4 Kourovka + CrAO
(http://simbad.u-strasbg.fr/sim-�d.pl). We also used the luminosity of the star with anabsolute magnitude of 0 mag from Johnson's alibration (Johnson, 1966).
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Figure 2. The are of WY Cn: lighturves in B, V , R bands with individual 4-s integrations (left)and averages of 31 points (right) plotted
To study the spot ativity before and during the are, we analyzed all our lighturvesusing the Zonal Spottedness Model, developed by Alekseev & Gershberg (1996). Resultsare given in Table 2. Vmax is the maximal star brightness and �V is the amplitude of thedistortion wave. Aording to the Zonal Model, two spotted belts loated symmetriallyabout the equator an represent spotted regions on ool stars. These belts oupy regionswith the latitudes (in degrees) from �'0 to �('0 + �') and have a spot overage thatvaries linearly with the longitude from 1 at the minimum brightness phase to some valuefmin at the maximum brightness phase. S1 and S2 are the spotted areas of the dark andbright hemispheres of the stellar surfae that are symmetri to the phase of the brightnessminimum, in perents. The analysis of our observations allows us to make the followingonlusions.
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1. Both before and during the are minima of the distortion waves were at phasesof 0.87{0.03. This means, that the \fae side" hemisphere of the primary star (the sidefaing the seondary omponent) was more spotted than the \bak side" hemisphere (wetook into aount that WY Cn is a tidally loked system).2. In May 2005 the brightness of WY Cn inreased by 0.07 mag ompared to January2005 (see Fig. 1a). Note that this brightness di�erene is larger than the di�erenes foundbetween the light urves from the two di�erent observatories as disussed earlier in thispaper. Hene the di�erene is real rather than a alibration error. This seular inrease issimilar to those observed in 1988 and 1997 by Hekert et al. (1998) in that the brightnessinreases outside of the primary elipse but remains approximately the same during theprimary elipse. The fat that the primary elipse portions of the light urves mathwell is also evidene that this is a real luminosity inrease rather than a alibration errorresulting from di�erent observatories and instruments. While the luminosity inreased,the total spotted area beame less with the more asymmetri spots onentrated on thehemisphere faing the seondary: S1=S2 = 2:0. So we may suppose, that this luminosityjump might be aused by several new bright ative regions (analogous to solar plages)with some small-sized spots (spot overage fmin = 0:20) whih appeared at the bak sidehemisphere.3. In January 2006 and in February 2006 the brightness of the system and the ampli-tude of the distortion wave began to derease, and spots began to �ll the bright hemispherein a more homogeneous way (fmin = 0:67). The are ourred at the time when the am-plitude of the distortion wave was minimal (0.026 mag) and the spotted areas of fae andbak sides hemispheres beame almost equal (S1=S2 = 1:2), i.e. during the are, the spots�lled both hemispheres in an almost homogeneous way.A are in WY Cn was deteted for the �rst time. A similar are has been reportedby Zeilik et al. (1983) for another RS CVn system XY UMa. However, its energy was oneorder of magnitude smaller than that of the are reported here. Another similar systemSV Cam was reported to show ares too (Patk�os, 1981). The strongest of these ares hada duration of 43 minutes and an amplitude of 0.12 mag in U band. In the very ative RSCVn star II Peg optial ares had energy from 1033 to 2� 1035 erg (Mathioudakis, 1992).So, ompared to other ares on RS CVn stars, we onlude that the are we deteted isa large one. All of these other ares ourred on the spotted hemisphere, just as in ourobservations.Aknowledgements: PAH was supported by the AAS Small Grants program andby a WCU Faulty Researh grant, and he would like to thank Paul Etzel for shedulingvery generous amounts of telesope at MLO.Referenes:Alekseev, I.Yu., Gershberg, R.E., 1996, Astrophysis, 39, 33Chambliss, C.R., 1965, Astron. J., 70, 741Hall, D.S., Kreiner J.M., 1980, Ata Astron., 30, 387Hekert, P.A., et al., 1998, Astron. J., 115, 1145Hekert, P.A., 2001, Astron. J., 121, 1076Johnson, H.L., 1966, Ann. Review Astron. Astrophys., 4, 193Kjurkhieva, D.P., et al., 2004, Astron. & Astrophys., 415, 231Mathioudakis, M., et al., 1992, Mon. Not. R. Astron. So., 255, 48Patk�os, L., 1981, Astrophys. Lett., 22, 131Strassmeier, K., et al., 1993, Astron. & Astrophys. Suppl., 100, 173Zeilik, M., et al., 1983, Astron. J., 88, 532


