
COMMISSIONS 27 AND 42 OF THE IAUINFORMATION BULLETIN ON VARIABLE STARSNumber 5804 Konkoly ObservatoryBudapest9 November 2007HU ISSN 0374 { 0676
ANALYSIS OF THE LIGHT CURVE OF THE RV TAURI STAR LV DelMADERAK, RYAN M.; HONEYCUTT, R. K.1 Department of Astronomy, Indiana University, Bloomington, Indiana 47405-7105, USA
The RV Tauri star LV Del was observed by the Indiana University 0.41 meter auto-mated photometri telesope (a.k.a., Robosope) from 1990 to 2003, and was �rst notedby Honeyutt et al. (1992). The V magnitude light urve of LV Del is presented in Fig-ure 1, and onsists of 1263 data points aquired from JD 2448420 through JD 2452919.We have redued the light urve using the method of ensemble photometry on an inho-mogeneous data set (Honeyutt, 1992), and the error bars represent the unertainty ofthe di�erential photometry. The zero point has an unertainty (standard deviation of themean) of 0.006 mag, determined using standards from the �eld of HR Del (Henden &Honeyutt, 1997), in whih LV Del lies.
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Figure 1.
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Figure 2.
A Fourier transform of the data, presented in the top panel of Figure 2, gives 96.2d asthe dominate period. To demonstrate spetral leakage and aliasing, in the bottom panelwe present a FT of a sine wave having the same period and amplitude; this wave hasbeen evaluated at the same JDs as the atual light urve. Visual inspetion of the lighturve indiates that the 96.2d signal is not the \formal" RV Tauri period, but rather isthe �rst harmoni, implying a value of 192.4d for the formal period. Visual inspetionalso suggests that the traditional RV Tauri \double hump" feature orresponding to theformal period is poorly expressed after about 1996 - 1997. The appearane of the lighturve after this point is \Cepheid-like", whih is one of the typial irregularities exhibitedby RV Tauri stars (Tsesevih, 1975); this apparent behavior is quantitatively supportedby the dominane of the �rst harmoni in the FT, while no signi�ant peak orrespondingto the predited formal period appears to present.In order to test for any systemati hanges in the period (another irregularity notedby Tsesevih, 1975), we have applied Fourier transforms to the light urve in two yearoverlapping windows (i.e., 12 suh windows were used). A least squares �t to the resultingvalues of the �rst harmoni period versus time gives a rate of 0:10 � 0:27 day/year,indiating no signi�ant hange in period.Visual inspetion of the light urve of LV Del suggests two other phenomena of interest:�rst, there appears to be a long term systemati variation of the mean brightness; seond,there appears to be variation in the amplitude of the �rst harmoni, on a similarly longtime sale. We examine the �rst in the top panel of Figure 3, whih plots the meanbrightness for one whole yle out of eah year of data (with error bars representing thestandard deviation of the mean), along with a sinusoidal �t. Note that points for 1997 and1999 have been omitted due to the data being more sparse in those years. The variations
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are larger than the errors, thus substantiating the presene of this signal, and identifyingLV Del as a member of RVb photometri sublass (i.e., those exhibiting suh long termvariations; see, e.g., Tsesevih, 1975). The �tted sinusoid has a period of 1636.3d, a meanmagnitude of 14.79, and an overall amplitude of 0.24 mag. Visual inspetion suggests thatthese variations are not in fat stritly periodi, whih is not unommon for RVb stars(Tsesevih, 1975; Fokin, 1994). Two low frequeny peaks, at 1762d and 1017d, alsosuggest the presene and irregularity of suh a signal. It has been proposed (Tsesevih,1975; Fokin 1994) that the seondary variability of the RVb lass may be due to theirbeing a member of a binary system in whih they are periodially elipsed by the ejetionshell of the ompanion star.
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Figure 3.
To examine the apparent variation in pulsational amplitude, in the bottom panel ofFigure 3 we plot the average amplitude for the same yles as used for the top panel (inmagnitudes; again, 1997 and 1999 have been omitted), with typial errors, and again witha sinusoidal �t. The errors are signi�antly smaller than the variations, thus verifyingthe presene of this variation in amplitude. The sinusoid has a period 1369.3d, where asthat in top panel has a period of 1636.3d, and lags that in bottom panel by a phase of3.7 years. For some RVb stars, these two variations are in phase (Tsesevih, 1975). In thease of LV Del, if we ompare the data points in the two panels, we see that they appearto be in phase only during roughly the �rst half of the data set; however, the sinusoid �tsindiate that, on average, the two variations are not in phase. This apparent shift in thebehavior of the light urve is roughly orrelated with the shift to Cepheid-like behaviormentioned above. If the star is in fat a binary, this orrelation ould support the ideathat RVb stars are lose binary systems, as proposed by Fokin (1994), whih might allowa physial orrelation between the pulsation and the binary nature.
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The haoti nature of the light urves of the RV Tauri stars AC Her (RVa) and R St(RVb) has been established (Koll�ath et al., 1998; Koll�ath, 1990). We have tested forhaos in the light urve of LV Del using the TISEAN non-linear time analysis pakage(Hegger et al., 1999). Note that this analysis was performed using a spline-smoothedlight urve, with one day spaing, in order to insure uniform spaing and to maximize theavailable information, given that the non-linear time series analysis is very sensitive tonoise. Following the proedure of Kiss & Szatm�ary (2002), we used the TISEAN pakageto generate a phase spae reonstrution of the data, and used the resulting phase spaevetors to generate Broomhead-King projetions of the phase spae. The presene ofintersetions and usps appeared to be minimized for an embedding dimension of 4, andso we may take this as a tentative indiator of the embedding dimension of the phasespae (see, e.g., Koll�ath et al., 1998). However, the projetions were quite noisy, andno signi�ant struture was apparent. Given the high data density of both the real andsmoothed light urves, this is an indiation that the data set is simply too short to obtaininformative results. In this regard, we may ompare to the data of Koll�ath (1990), Koll�athet al. (1998), and Kiss & Szatm�ary (2002) who had data sets of 32 years, 150 years, and100 years, respetively.A quantitative measure of the haos present in a signal an be ahieved by alulatingthe maximal Lyapunov exponent, whih is a measure of the exponential growth of thein�nitesimal perturbations whih lead to haos (Hegger et al., 1999). If haos is presentthe maximal exponent should be positive (e.g., Kiss & Szatm�ary, 2002). Again usingthe proedure laid out by Kiss & Szatm�ary (2002), we have used the TISEAN pakageto alulate the maximal Lyapunov exponent, �nding a value of 0:0238 � 0:0031, whihquantitatively indiates the presene of haos. Again note that the spline-smoothed lighturve was used.The analysis herein has identi�ed LV Del as an RV Tauri star of the RVb sublass.Although the formal period is poorly expressed, the irregularities exhibited by this starare typial of RV Tauri stars. The hange in the behavior of the amplitude variations frombeing in phase to being out of phase with the long term variations in mean brightnessmay be orrelated with the hange to Cepheid-like behavior exhibited in the light urve,but we an only speulate as to the physial origin of either e�et. The positive valueof the maximal Lyapunov exponent indiates the presene of haos in the light urve,but this must be taken with aution, as a longer data set would provide more ertainresults (see, e.g., Kiss et al., 1998). The Broomhead-King projetions of the phase spaetrajetories suggest that the light urve is embedded in a low-dimension phase spae withan embedding dimension of �4, but this is only tentative.
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