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2 Department of Astronomy, University of So�a, BG-1164, So�aG.Belheva�sussex.a.uk, gbelheva�uni-sofia.bg, evgeni�phys.uni-sofia.bg,tan�arm.a.uk(Submitted on 25.06.2012; Aepted on 11.07.2012)Abstrat. We present preliminary results of V, R, I photometri observations of 7 latetype dwarfs of spetral types from M4 to T7. These dwarfs have little or no previousoptial photometri studies and are part of a long-term program studying the ativityat the bottom of the Main Sequene and the brown dwarf regime. We have obtained Rand I magnitudes for all 7 dwarfs as well as V magnitudes for 3 of them. This is the �rststep towards haraterization of their photometri properties and monitoring for variabilitywhih in turn will give us information of the physial nature of their atmospheres.Key words: ool stars, brown dwarfs, photometry, ativityIntrodutionMagneti ativity has been found to inrease steadily for main sequene starswith spetral types later than M3, reahing ∼ 80% for ∼ M7 spetral type(West et al. 2004). For ooler stars, inluding ultraool late-type M, L and Tdwarfs, the strength and frequeny of detetion of ativity indiators suhas Hα drop sharply, so that few �eld objets later than L5 exhibit anydetetable optial emission. Similar trends are found for the quiesent X-rayemission (Fleming et al. 2003). Yet �aring ativity in both Hα and X-rayshas been deteted from a number of L and T dwarfs as far as T6.5 (Burgasseret al. 2003, Liebert et al. 2003). Sine these stars are fully onvetive, themehanism allowing them to maintain ative hromospheres and oronas isnot yet lear. Photometri observations and in partiular the detetion ofphotometri variability may be an instrument for determining the physialnature of ultraool dwarf atmospheres. In partiular, if deteted, it mayprovide important information for surfae features suh as magneti spotsand/or dust louds and their stability. Here we report the �rst results of V,R and I band photometri observations of 7 late-type dwarfs.1. Target seletion.The sample of 7 dwarfs presented here (Table 1) is a subset of a larger sampleof M, L and T dwarfs that omprises: (a) ative M dwarfs of spetral typesM4 to M6, reently lassi�ed on the basis of their spetra and deteted Hαemission (Kaharov et al. 2012) and (b) nearby ultraool dwarfs of spetraltypes in the range M 7 to T7 that have been probed for ativity signaturesin the radio band (Antonova et al. 2012). For all of the above dwarfs verylittle or no optial information and CCD-photometry has been found in theliterature. Bulgarian Astronomial Journal 18(2), 2012



Photometri study of ultraool dwarfs and M dwarfs 85For Dw-1, 5, 6 and 7 the only optial photomeri information we foundare the R magnitudes reported by Kaharov et al. (2012) (shown in Table 2).Dw-22 is a M7.5 dwarf with previously measured V = 17.96, R = 17.0 andI = 13.7 magnitudes (Monet et al. 2003). It also has reported high v.sin i =33 km s−1 and deteted Hα emission (Reiners and Basri, 2010). Dw-14 andDw-27 are L4.5 and T6 dwarfs respetively that have no optial magnitudesfound in the literature. Òàáëèöà 1. Sample of objetsID Spetral Other RA(J2000.0) DEC(J2000.0)Type ID hh:mm:ss dd:′:′′Dw-1 dM6e 19:48:36.1 -14:30:48Dw-5 dM4.5e 19:47:43.4 -14:22:40Dw-6 dM6e 19:43:50.6 -14:48:23Dw-7 dM6e 19:44:06.0 -14:51:31Dw-14 L4.5 2MASS J18212815+1414010 18:21:28.2 +14:14:01Dw-22 M7.5 2MASS J17571539+7042011 17:57:15.4 +70:42:01Dw-27 T6 2MASS J21543318+5942187 21:54:33.2 +59:42:18
2. Observations and data redutionThe images were obtained using the 2m Rithey-Chretien-Coude (RCC) telesopeof the Rozhen National Astronomial Observatory (NAO) by a VersArray1300B CCD amera. Observations were arried out on three onseutivenights - 23, 24 and 25 August 2011, but only data from the last two nightswere taken into aount due to bad atmospheri onditions on 23 August.Typial target exposure times were 1000 s and 600 s for V and RI bandsrespetively while standards exposure times were 180 s and 120 s for V andRI bands. For the brightest dwarf (Dw-22) the exposures are shorter: R - 120s, I - 30 s. Standard IRAF routines were used to perform the data redutionand photometry.3. Photometri alibration and ResultsThe alibration for dwarfs Dw-1, Dw-5, Dw-14, Dw-22 and Dw-27 (Table 1)was performed using Stetson's photometri standard �elds of NGC6823 andNGC7790 (Stetson 2000). The IRAF photometri alibration pakage photalwas used. The transformation equations for V, R and I bands are:

V = v − 0.03532 − 0.0000831(v − r) + 0.6662053Xv + 0.015104UTv (1)
R = r + 0.15789 − 0.00035398(r − i) + 0.5150857Xr + 0.010440UTr (2)

I = i+ 1.01676 + 0.0023312(r − i) + 0.3261336Xi + 0.031639UTi (3)
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Ôèã. 1. Finding harts of the dwarfs, taken with the 2m RCC. Images are in I band. The�eld of view is 2 x 2 armin.where X is the airmass and UT is the universal time. The rms of thealibrations is less than 0.03 mag. The results for dwarfs Dw-6 and Dw-7 areobtained using photometri data from DENIS Consortium (2005) and Masseyet al. (2007). The obtained VRI magnitudes of the dwarfs are presented inTable 2.Òàáëèöà 2. Standard V, R, I magnitudes with errors for the dwarfs in our sample.ID V Verr R Rerr I Ierr R∗mag mag mag mag mag mag magDw-1 23.033 0.171 21.209 0.044 19.604 0.034 21.495Dw-5 22.857 0.112 20.865 0.045 19.366 0.035 20.780Dw-6 21.881 0.090 19.965 0.046 22.188Dw-7 21.377 0.062 19.743 0.040 21.788Dw-14 22.117 0.164 18.892 0.012 16.918 0.006Dw-22 15.884 0.003 13.793 0.004Dw-27 22.845 0.103 19.948 0.047
∗ R magnitudes taken from Kaharov et. al 2012 with typial error 0.24 to 0.25 mag.

ConlusionWe report the �rst I band photometri observations for 6 of the 7 targets, aswell as the �rst V band observations for 3 of the targets. Also, for 2 targets



Photometri study of ultraool dwarfs and M dwarfs 87we have �rst R band photometri magnitudes, while for the 4 earlier type Mdwarfs we have obtained more aurate R magnitudes than the ones reportedby Kaharov et al. 2012. Only for Dw-22 there were previous observations inall three bands: V= 17.96, R = 17.0, I = 13.7 (Monet et. al. 2003). Theomparison with our results gives a good agreement for the I magnitudewhile there is a di�erene in the R magnitude of ≈ 1.12 mag. Monet et al.(2003) obtain their data from sans of Shmidt plates whih are not sensitiveenough in the R band, thus possibly introduing a large error. Alternatively,it is possible that the dwarf was in an ative state during our observation.Unfortunately, we have a single R band image of this dwarf and an noton�rm if this is the ase. However, we plan to perform a long term monitoringto study the optial variability of the whole sample. For this we plan to useobservations with both 2m RCC and 50/70 m Shmidt telesopes of theNAO Rozhen.Aknowledgments: This work was supported by grant No. DDV U02/40/2010 of theBulgarian Siene Foundation. The authors gratefully aknowledge observing grant supportfrom the Institute of Astronomy and Rozhen National Astronomial Observatory, BulgarianAademy of Sienes.ËèòåðàòóðàAntonova A. et al., 2012 - in prep.Burgasser, A. J., Kirkpatrik, J. D., Liebert, J., Burrows, A., 2003, ApJ, 594, 510DENIS Consortium, 2005, yCat, 2263Fleming, T.A., Giampapa, M. S., Garza, D., 2003, ApJ, 594, 982Liebert, J., Kirkpatrik, J.D., Cruz, K.L., Reid, I.N., Burgasser, A., Tinney, C.G. & Gizis,J.E., 2003, AJ, 125, p.343-347Kaharov, N., Rejkuba, M., Cioni, M.-R. L., 2012, A&A, 537, 108Massey P., Olsen K.A.G., Hodge P.W., Jaoby G.H., Mneill R.T., Smith R.C., StrongS.B., 2007, AJ, 133, 2393Monet D.G. et al., 2003, AJ, 125, 984Reiners, A., Basri, G., 2010, ApJ, 710, 924Stetson P.B., 2000, PASP, 112, 925West, A. A., et al. 2004, AJ, 128, 426


