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OPTICAL PHOTOMETRY OF PARSAMIAN 21

SEMKOV, E. H.; PENEVA, S. P.Institute of Astronomy, Bulgarian Aademy of Sienes, 72, Tsarigradsko Shose blvd., BG-1784 So�a, Bulgaria,e-mail: esemkov�astro.bas.bg, speneva�astro.bas.bg,One of the most impressive events during the early stages of stellar evolution is theFU Orionis (FUors) outbursts (Herbig, 1977). The main harateristis of FUors are aninrease in optial brightness of about 4-5 mag, a F-G supergiant spetrum with broadblueshifted Balmer lines, strong infrared exess, and onnetion with reetion nebulae.The light urves of FUors are haraterized by a rapid rise in brightness to the maximallight (outburst) followed by a relatively slow derease in brightness after the outburst(Clarke et al., 2005). Aording to Hartmann & Kenyon (1985) the FUor outburst is aresult of a major inrease of aretion from a irumstellar disk on the stellar surfae.Parsamian 21 is a young stellar objet surrounded by an extended reetion nebula,loated in a small dark loud in Aquila. The objet was disovered on the plates fromthe Palomar Observatory Sky Survey and inluded in the atalog of ometary nebu-lae (Parsamian, 1965). On the basis of optial spetrosopi and far-infrared propertiesParsamian 21 was lassi�ed as a FUor objet (Staude & Nekel, 1992). Results supportingthe FUor nature of Parsamian 21 were published in K�osp�al et al. (2008). Parsamian 21was a subjet of many studies, but very few optial photometri data have been publishedto the present (Parsamian & Petrosian, 1978, Nekel & Staude, 1984). Sine no outburstwas observed at optial wavelengths in most of the studies Parsamian 21 is lassi�ed asFUor-like objet (Greene et al., 2008).In this paper we present BV RI photometri data of Parsamian 21 obtained in theperiod Feb. 2003 - Jul. 2009. Our observations were performed with two telesopes:the 2-m RCC telesope of the National Astronomial Observatory Rozhen (Bulgaria)and the 1.3-m RC telesope of the Skinakas Observatory1 of the Institute of Astronomy,University of Crete (Greee). Three di�erent CCD ameras were used during the periodof our photometri observations. The tehnial parameters and hip spei�ations for theCCD ameras used are summarized in Table 1. All frames were taken through a standardJohnson-Cousins set of �lters. Aperture photometry was performed using IDL DAOPHOTroutines. The proedure used alulate the entroid of stellar objet and the mean valueof the bakground around it. The digitized plates from the Palomar Shmidt telesope,available via the website of the Spae Telesope Siene Institute, are used, too.In order to failitate transformation from instrumental measurements to the standardsystem a sequene of sixteen omparison stars in the �eld of Parsamian 21 was alibratedin BV RI bands. Calibrations were made with the 1.3 m RC telesope during nine lear1Skinakas Observatory is a ollaborative projet of the University of Crete, the Foundation for Researh and Tehnology- Hellas, and the Max-Plank-Institut f�ur Extraterrestrishe Physik.
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Figure 1. A �nding hart of the omparison sequene in the �eld of Parsamian 21Table 1. CCD ameras and hip spei�ationsTelesope CCD type Size Pixel size Field RON2-m RCC Photometris AT200 1024� 1024 24�m 5:06� 5:06 3.9ADU/rms1.3-m RC Photometris CH360 1024� 1024 24�m 8:05� 8:05 2.6ADU/rms1.3-m RC ANDOR DZ436-BV 2048� 2048 13.5�m 9:06� 9:06 5.3ADU/rmsnights in 2007, 2008 and 2009. Standard stars from Landolt (1992) were used as a ref-erene. The �nding hart of the omparison sequene is presented in Fig. 1. The hartis retrieved from the STSI Digitized Sky Survey Seond Generation Red. The �eld is8:00 � 8:00, entered on Parsamian 21. North is at the top and east to the left. Table 2ontains the oordinates and the photometri data for the BV RI omparison sequene.The orresponding mean errors of the mean are listed, too. The omparison sequeneontains stars both redder and bluer than Parsamian 21, labeled from A to P in order oftheir V-band magnitude.The results from our CCD photometri observations are given in Table 3. The tableontains Date, the Julian Date, the I, R, V and B magnitudes. In order to minimizethe light from the surrounding nebula we used a 2:005 radius aperture. The bakgroundis taken between radii 1000 and 12:005. The typial seeing during our observations varybetween 1:005 and 200. The typial instrumental errors from CCD photometry are in therange 0:m01- 0:m02 for I and R, 0:m03-0:m05 for V and 0:m05-0:m09 for B �lter. Aperturephotometry of the digitized plates from POSS-I, POSS-II and Quik-V sky surveys wasperformed with the same parameters as for the CCD observations. The BV RI omparisonsequene reported in the present paper was used as a referene. The results of estimatingmagnitudes of the Palomar photographi plates are summarized in Table 4. The lighturves of Parsamian 21 from all observations are plotted on Fig. 2. The photometri datapublished by Parsamian & Petrosian (1978) and Nekel & Staude (1984) are not onsistentwith our observations due to the di�erent parameters of measurements (aperture radiusand bakground position).
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Figure 2. B=pg, V , R and I light urves of Parsamian 21.Our CCD photometri observations of Parsamian 21 in the period 2003 - 2009 showthat the brightness of the star is almost steady. We observed only low amplitude u-tuations of about 0:m07 (I) around the middle values. Comparing our CCD photometriobservations with the data from Palomar plates showed no signi�ant hange in the bright-ness of the star for a very long period (57 years). Due to the small number of objetsknown as FUors their lassi�ation is very diÆult. The shape of observed light urves ofFUors may vary onsiderably from objet to objet. The results from our study suggestthat the photometri behaviour of Parsamian 21 appears di�erent from the well studiedFUors (FU Ori, V1515 Cyg and V1057 Cyg). Another objet with a similar photomet-ri behaviour is the lassial FUor star V1735 Cyg (Peneva et al., 2009). We onludethat Parsamian 21 is probably a member of the group of long-lived FUors and that thetime-sale of the FUor phenomenon in some ases is muh longer than that predited in
Table 2. V IRB photometri data for the omparison sequeneStar R.A.(2000) DEC.(2000) V �V I �I R �R B �BA 19:28:51.92 09:40:45.3 14.418 0.020 13.210 0.023 13.838 0.027 15.411 0.047B 19:28:57.51 09:41:15.3 14.474 0.028 12.569 0.026 13.500 0.037 16.229 0.064C 19:28:59.17 09:36:00.8 14.969 0.039 12.422 0.040 13.676 0.044 17.160 0.021D 19:29:01.43 09:37:26.4 15.138 0.015 14.071 0.016 14.606 0.025 16.049 0.035E 19:29:08.80 09:38:37.7 15.402 0.043 12.514 0.043 14.008 0.045 17.730 0.044F 19:28:52.86 09:38:51.3 15.450 0.036 13.172 0.035 14.270 0.042 17.449 0.053G 19:28:55.53 09:40:02.8 16.325 0.028 14.826 0.040 15.596 0.033 17.546 0.040H 19:28:57.29 09:39:25.5 16.536 0.035 14.560 0.044 15.519 0.045 18.239 0.080I 19:28:57.77 09:39:10.3 16.698 0.051 15.158 0.033 15.920 0.035 18.044 0.175J 19:28:54.35 09:38:37.2 16.934 0.041 14.821 0.023 15.843 0.049 18.700 0.207K 19:29:01.73 09:40:26.8 16.943 0.028 14.680 0.039 15.778 0.042 18.911 0.114L 19:29:04.29 09:37:07.1 17.429 0.026 15.300 0.043 16.366 0.045 19.247 0.074M 19:29:05.72 09:37:08.1 17.560 0.056 15.386 0.037 16.461 0.048 19.472 0.300N 19:29:02.01 09:40:44.9 17.746 0.042 16.270 0.062 17.045 0.055 18.891 0.094O 19:29:04.25 09:40:01.5 17.937 0.063 16.535 0.058 17.157 0.073 19.346 0.149P 19:29:03.50 09:40:15.6 18.311 0.038 16.225 0.099 17.246 0.039 20.069 0.217
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previous studies.Table 3. CCD photometri observations of Parsamian 21Date J.D.(245...) I R V B CCD Tel.2003 Feb 27 2698.614 12.69 13.61 14.41 15.85 Photometris 2m RCC2006 Jul 21 3938.353 12.74 13.64 14.47 15.75 Photometris 2m RCC2007 Jun 26 4278.322 12.78 � 14.51 15.76 Photometris 1.3m RC2007 Jul 03 4285.313 12.76 13.67 14.50 15.79 Photometris 1.3m RC2008 Jun 28 4646.310 12.68 13.57 14.42 � ANDOR 1.3m RC2008 Jul 05 4653.313 12.68 13.56 14.40 � ANDOR 1.3m RC2008 Jul 06 4654.325 12.67 13.56 14.41 � ANDOR 1.3m RC2008 Jul 24 4672.316 12.63 13.51 14.37 � ANDOR 1.3m RC2008 Jul 25 4673.310 12.63 13.52 14.37 � ANDOR 1.3m RC2009 Jun 14 4997.515 12.74 13.58 14.40 � ANDOR 1.3m RC2009 Jun 26 5009.503 12.74 13.59 14.43 15.75 ANDOR 1.3m RC2009 Jul 01 5014.502 12.76 13.62 14.45 15.77 ANDOR 1.3m RC2009 Jul 31 5044.309 12.71 13.49 14.45 15.77 ANDOR 1.3m RCTable 4. Photographi observations of Parsamian 21 from the Palomar Shmidt platesPlate No. Band Date J.D. (24. . . ) Magnitude506E R 1952 May 25 34742.016 13.49�0.09506O pg 1952 May 25 34742.032 15.80�0.10573V V 1983 Aug 11 45557.972 14.17�0.091333 B 1987 Jul 30 47006.938 15.65�0.103991 I 1988 Aug 19 47393.032 12.65�0.084712 R 1991 Jul 17 48455.032 13.53�0.08Aknowledgements: This work was partly supported by grants DO 02-85, DO 02-273and DO 02-362 of the National Siene Fund of the Ministry of Eduation, Youth andSiene, Bulgaria. The authors thank the Diretor of Skinakas Observatory Prof. I. Pa-pamastorakis and Prof. I. Papadakis for the telesope time. The Digitized Sky Surveywas produed at the Spae Telesope Siene Institute under U.S. Government grantNAG W-2166. The images of these surveys are based on photographi data obtained us-ing the Oshin Shmidt Telesope on Palomar Mountain and the UK Shmidt Telesope.The plates were proessed into the present ompressed digital form with the permissionof these institutions. This researh has made use of NASA's Astrophysis Data System.Referenes:Clarke, C., Lodato, G., Melnikov, S. Y., Ibrahimov, M. A., 2005, MNRAS, 361, 942Greene, T. P., Aspin, C., Reipurth, B., 2008, AJ, 135, 1421Hartmann, L., Kenyon, S. J., 1985, ApJ, 299, 462Herbig, G. H., 1977, ApJ, 217, 693K�osp�al, �A., �Abrah�am, P., Apai, D., Ardila, D. R., Grady, C. A., Henning, Th., Juh�asz,A., Miller, D. W., Mo�or, A., 2008, MNRAS, 383, 1015Landolt, A. U., 1992, AJ, 104, 340Nekel, T., Staude, H. J., 1984, A&A, 131, 200Parsamian, E. S., 1965, Izv. Akad. Nauk Armyan. SSR., Ser. Fiz.-Math., 18, 146Parsamian, E. S., Petrosian, V. M., 1978, Astro�zika, 14, 521Peneva, S. P., Semkov, E. H., Stavrev, K. Y., 2009, Ap&SS, 323, 329,Staude, H. J., Nekel, Th., 1992, ApJ, 400, 556


