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OPTICAL LIGHT CURVES OF THE HIGH MASS X-RAY BINARY4U 2206+54BUGNO, J. L.; HINTZ, E. G.; JONER, M. D.Brigham Young University, Dept. of Physis and Astronomy, Provo, UT 84602, USA; e-mail: batgirl3220�aim.om;dotor�tardis.byu.edu; jonerm�forty-two.byu.edu
The high-mass X-ray binary system (HMXB) 4U 2206+54 (BD 53Æ2790) was �rst seenas an X-ray soure in Uhuru observations examined in Giaoni et al. (1972). The systemhas been examined for periodiity a number of times using X-ray data. Corbet & Peele(2001) reported a period of 9:568�0:004 days from Rossi X-ray Timing Explorer (RXTE)All-Sky Monitor (ASM) data. Corbet et al. (2007) found that data from the Swift BurstAlert Telesope (BAT) along with reent ASM data indiate a period of 19:25�0:08 daysand note that this is almost exatly double the previous period. They onlude thatthe lengthening is likely a reent seular hange. In Negueruela & Reig (2001) theyreport published optial photometry of this system and report all observations at thattime were onsistent with no optial variability. However, Blay et al. (2006) reportseven optial measurements over an eleven year time line that show a long term hange,but with insuÆient overage to estimate any periodiity. They also report that theirIR data, when folded with the 9.6 days period, showed no lear pattern. As part of anundergraduate summer researh program, we examined the HMXB system 4U 2206+54with time-series observations in the V �lter to hek for possible orrelations in variabilitywith the X-ray data.The observation and data redution details for the 22 nights seured for this studyhave been previously given in Hintz et al. (2009). Although it should be noted here thatredutions were done using IRAF aperture photometry pakages. The only di�erenesbetween the two data sets are that there are two additional nights of 0.41-m data andthe data for three of the 0.31-m nights were saturated for the bright star 4U 2206+54 inthe urrent study. The �nder hart for 4U 2206+54 an be found in Hintz et al. (2009).As noted by Hintz et al. (2009), all observations were done using a standard V �lter(Bessell, 1990). Sine 4U 2206+54 shows variations during a single night it is hard to getan estimate of the error per observation from this objet. However, for star #6, a starabout two magnitudes fainter, we �nd single night error per observation values on theorder of 0.003 to 0.004 mag, with the majority nearer 0.003 mag. From the one relativelyat night for 4U 2206+54 on HJD2454658 we �nd an error per observation of 0.0038 mag,or a value onsistent with those seen for star #6. The standard deviation in the nightlyzeropoint orretion values ranged from 0.003 to 0.005 mag, exept for one poor night ofdata with a zeropoint error of 0.012 (HJD2454651). The observational data are availableon the IBVS website as 5911-t1.txt.
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The light urves for eah of the 22 nights are presented in Fig. 1. It should be notedthat it is not possible to distinguish di�erenes in the dense portions of the urves whensimultaneous data were obtained with di�erent ombinations of three di�erent telesopes.Eah of the graph panels is saled to over 6 hours of time. There is variation within eahnight as well as night to night variation for 4U 2206+54. In Fig. 2, we show the longterm run of data for 4U 2206+54 and omparison star #6 over the 55 days overed bythis study. Even though star #6 is almost two magnitudes fainter than 4U 2206+54, itis lear from the internal satter within eah night that the variation for the omparisonstar is smaller than for the HMXB. Further, the night to night variation is present inthe data for 4U 2206+54, while the fainter omparison star is at within the size of theerrors. We do note one night, HJD2454651, for star #6 whih is systematially higher.This is the previously reported night with an exeptionally high zeropoint error. Finally,from our analysis of the Æ Suti variable star, GSC 3973-1698 (Hintz et al., 2009), we seeno zero point drift from night to night. Based on these three evidenes, we judge thevariations seen for 4U 2206+54 to be atual variability and not an observational artifatdue to photometri error.Using the Period04 pakage (Lenz & Breger, 2005), we looked for the most likelyperiod of 4U 2206+54 and found 25:1�0:1 days to be the best �t for the visual data. It ispossible that the visual and X-ray data are not well orrelated. In Fig. 3 we show a phasedlight urve for the visual data using our period of 25.1 days along with published periodsof 9.568 days and 19.25 days. We seleted a starting epoh for phasing of HJD2454679.0sine this was near a maximum brightness point in our data urve. It is worth notingthat both of the X-ray periods onnet some of the data in an interesting manner but ingeneral produe an irregular phase urve.An examination of the individual urves shown in Fig. 1 reveals that many nightsshow short term variation. This ould be an indiation of more omplex variability. Afterremoving the long 25.1 day urve, we examined the remaining variations using Period04.We found a frequeny of 2:5726�0:0005 yles/day, or a period of 9.33 hours. The signal-to-noise ratio for this frequeny was found to be 5.5, whih puts it near the ut-o� pointfor signi�ane detailed by Breger et al. (1993, 2007). A muh larger data set would beneeded to on�rm this underlying osillation.Although we do �nd a period of 25.1 days in the visual data for 4U 2206+54, we mustnote this is a preliminary result overing just over two of the proposed yles. A longerdata run overing more yles, over a number of years, would help in the determination ofa period of the optial light variation. The larger data set might also help larify the shortperiod variation suspeted in our data set. In addition, it would be useful to examine thissystem in di�erent wavelengths in order to searh for better orrelations with the X-rayobservations.Aknowledgements We would like to aknowledge the Brigham Young UniversityDepartment of Physis and Astronomy for its ontinued support. We aknowledge agrant from the Theodore Dunham, Jr. Grant for Researh in Astronomy. Finally, weaknowledge NSF grant PHY-0552795 for providing REU student support as well asNSF grant AST-0618209 for observing support at the West Mountain Observatory.
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Figure 1. The 22 reported nights of V �lter photometry for 4U 2206+54 plotted on the same sale inboth time and magnitude. Eah tik mark on the time axis is 0.03 days and eah panel overs 6 hours.
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Figure 2. Magnitudes of 4U 2206+54 and the fainter omparison star #6 over 55 days.
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Figure 3. Phased light urves for 4U 2206+54 alulated with di�erent periods as noted. The startingepoh in all ases is 2454679.0.
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