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FR Cn = BD +16Æ1753 - A YOUNG ACTIVE MAIN-SEQUENCE STARPANDEY, J. C.1; SINGH, K. P.2; SAGAR, R.1; DRAKE, S. A.31 State Observatory, Naini Tal - 263129, India2 Tata Institute of Fundamental Researh, Mumbai 400005, India3 USRA & Code 662, NASA/Goddard Spae Flight Center, Greenbelt, MD 20771, USA
The star BD +16Æ1753 (�2000 = 08h32m30:s5 and Æ2000 = +15Æ4902600) of V = 10.43 magand spetral type K8V is an optial ounterpart of the bright soft X-ray soure 1ES0829 + 15.9 = 1RXS J083230.9+154940 (Elvis et al. 1992; Shahter et al. 1996; Vogeset al. 1999). BD +16Æ1753 is 33 � 2 p distant (Perryman et al. 1997) implying anabsolute magnitude of 7.8 and a ratio of X-ray to bolometri luminosity fx=fbol of � 10�3whih shows that the star has an ative orona at at the `saturation' limit. It has beenlassi�ed as an `unsolved' Hipparos variable star (FR Cn) of 0.17 magnitudes amplitudevariability (Perryman et al., 1997), and as a suspeted BY Dra-type variable, i.e., havingvariability due to the rotational modulation of starspots, by Kazarovets et al. (1999).Using the mean radial veloity of 25.5 km/s (Upgren et al. 2002) and the HipparosCatalogue distane and proper motions, the galati spae veloity omponents (U, V,W) of BD +16Æ1753 are (�24:1;�22:8;�5:1) km/s. This learly plaes the star insidethe young disk population boundaries in the (U, V) and (V, W) diagram (Montes et al.2001).Broad band BVR photometri observations of FR Cn were arried out from the StateObservatory Naini Tal using the 2K�2K CCD amera during the years 2001 - 2002. Wehave also taken low resolution spetra from 104-m telesope at State Observatory NainiTal using the HR-320 spetrograph with the 1K � 1K CCD amera. The dispersion ofthe spetrograph was 100 �A/mm.Both photometri and spetrosopi data were redued using the standard pakagesunder IRAF1. We have been able to do aurate di�erential photometry as both theomparison (S1) and hek (S2) stars are within the 130 � 130 �eld of view of the CCDamera as shown in Fig 1. The orresponding USNO-A2.0 numbers for S1 and S2 are1050-05766844 and 1050-05766589. The omparison star (S1) is also identi�ed as TYC1392 2110 1. Correlated periodi variations have been observed in the V magnitudeand the (V � R) olour of FR Cn. The top and the middle panels of Fig. 2 showthe di�erential magnitude and the (V � R) olour variations folded against the mostsigni�ant period of 0:d827 found (see below). An arbitrary epoh of JD 2451943.1980has been used. The data shown are from observations arried out in 27 November - 5Deember 2001 (Fig. 2a), 11 Deember 2001 - 1 January 2002 (Fig 2b) and 31 January1IRAF is distributed by the National Optial Astronomy Observatories, USA
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- 4 February 2002 (Fig. 2). The star was found to beome redder when fainter andbluer when brighter. The di�erential magnitudes of the hek star with respet to theomparison star are also plotted in Fig. 2 (bottom panels). No signi�ant light variationwas deteted between the di�erent measures of the omparison and hek stars, indiatingthat the light of the omparison star was indeed onstant during the observations. Thefull set of data was analysed using the standard period �nding tehniques and photometriperiod 0:d827 � 0:002 was found. The amplitude of variation in V band and hange inphase of the minima are tabulated in Table 1. The errors in determination of �V andphase minima are �0:003 mag and �0:03 to �0:06, respetively. The light urves forthe epohs (a) and () learly show the seondary minima indiating the presene of twospots (or groups of spots) separated by 0.5 in phase. Seondary minima ould not bedetermined during the epoh (b) observation.Figure 3 shows a low-resolution normalized spetrum of FR Cn taken on 29 April2002. H� emission is learly seen. In late type stars H� emission is a good indiator ofhromospheri ativity. Changes of the photometri amplitude and phase on a time saleof a few rotations are quite ommonly seen among ative stars as their spot distributionsvary. The observed rotational period of FR Cn is unusually short, however.

Figure 1. Identi�ation hart of FR Cn, Where S1 and S2 are omparison and hek stars,respetively.
Its youth, amplitude variation, phase hange, H� emission and soft X-ray emissionsuggest that the star FR Cn is an ative and spotted star with photometri period of0:d827� 0:002 (the likely stellar rotation period). It is more likely to be a single star thana binary star, given the lak of radial veloity variations (based on two measurements!),although the fat that its absolute magnitude is � 0:8 magnitudes brighter than thatof a anonial K8 V star is a weak evidene for a binary status. However, to furtherunderstand the nature of this star, high-resolution spetrosopi observations oordinatedwith simultaneous photometri observations are urgently needed. We are aordinglyplanning to monitor this objet further.
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Table 1: Maximum amplitude in V band (�V ) and phase of the minima at di�erent epohsEpoh �V (mag) Phase minimaI II(a)27 Nov - 5 De 2001 0.06 0.40 0.90(b)11 De 2001 - 1 Jan 2002 0.10 0.30 {()31 Jan - 4 Feb 2002 0.10 0.27 0.78
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Figure 2. Di�erential V and (V �R) light urves of the star BD +16Æ1753 and di�erential V lighturve of the omparison star: (a) during 27 November - 5 Deember 2001; (b) 11 Deember 2001 - 1January 2002; and () 31 January - 4 February 2002
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(b)Figure 3. Low-resolution spetrum of BD +16Æ1753
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