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Abstract

We present the most extensive set to date of high-quality RR Lyrae light curve templates in the ɡriz bands, based on time-series observations of the Dark Energy Camera Plane Survey (DECaPS) East field, located in the Galactic bulge at coordinates (RA, Dec)(J2000) = (18:03:34, −29:32:02), obtained with the Dark Energy Camera (DECam) on the 4-m Blanco telescope at the Cerro Tololo Inter-American Observatory (CTIO). Our templates, which cover both fundamental-mode (RRab) and first-overtone (RRc) pulsators, can be especially useful when there is insufficient data for accurately calculating the average magnitudes and colors, hence distances, as well as to inform multiband light curve classifiers, as will be required in the case of the Vera C. Rubin Observatory’s Legacy Survey of Space and Time (LSST). In this paper, we describe in detail the procedures that were adopted in producing these templates, including a novel approach to account for the presence of outliers in photometry. Our final sample comprises 136 RRab and 144 RRc templates, all of which are publicly available. Lastly, in this paper we study the inferred Fourier parameters and other light curve descriptors, including rise time, skewness, and kurtosis, as well as their correlations with the pulsation mode, period, and effective wavelength.
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1 Introduction
Pulsating stars comprise a subset of variable stars whose intrinsic physical properties change more or less cyclically over time. They are characterized by observable brightness changes over timescales ranging from minutes to years. This makes them a particularly interesting group of stars, as the variations in their physical properties happen in human timescales (for a comprehensive overview, see, e.g., Percy 2007; Catelan & Smith 2015), and can therefore be studied in depth by observational campaigns that can cover multiple pulsation cycles. Amongst these stars, one particular subset is the RR Lyrae class (RRL, hereafter), whose members are a natural product of the evolution of low-mass stars (0.55–0.8 M⊙; e.g., Catelan & Smith 2015; Marconi et al. 2015) that eventually reach the horizontal branch (HB) after helium burning starts in their core. It is during this stage that they cross the instability strip (IS) region of the Hertzsprung-Russell (HR) diagram and begin to pulsate regularly, with periods ranging from ~0.2 to 1.0 days (Catelan & Smith 2015), temperatures restricted to the range 6000–7250 K, and radii between 4 to 6 R⊙ (Catelan 2004b; Marconi et al. 2005). An additional consequence of their evolutionary history as low-mass stars is that they are usually associated with stellar populations older than ~10 Gyr (Walker 1989; Smith 1995; Catelan 2009; Savino et al. 2020). Depending on their pulsation mode, RRLs can be divided into four subtypes (Smith 1995): RRab (fundamental mode), RRc (first-overtone), RRd (double-mode), and RRe (second-overtone, which however have also been interpreted as first-overtone pulsators with exceptionally short periods; see e.g., Kovacs 1998; Clement et al. 2001; Catelan 2004a).
Henrietta Leavitt’s pioneering work in 1912 (Leavitt & Pickering 1912) established the foundation for using pulsating stars as distance indicators by discovering the period-luminosity (PL) relationship followed by classical Cepheids. Historically, in addition to Cepheids, other classes of pulsating stars, including RRL, have been utilized for this purpose with their own period-luminosity-metallicity relationships (see, e.g., the recent volume by de Grijs et al. 2024). Considering the tight correlation between their pulsation periods and intrinsic luminosities, especially in the near-infrared, RRLs stand out as crucial stellar candles for measuring distances to old stellar populations (Catelan 2004b; Braga et al. 2015; Saha et al. 2019).
In light of the extensive datasets generated by large-scale time-domain surveys and facilities like the Panoramic Survey Telescope and Rapid Response System (Pan-STARRS; Sesar et al. 2017), the Optical Gravitational Lensing Experiment (OGLE; Soszyński et al. 2019), the All-Sky Automated Survey for SuperNovae (ASAS-SN; Jayasinghe et al. 2019), the Gaia Mission (Holl et al. 2018; Clementini et al. 2019, 2023), and others (for a review, see, e.g., Catelan 2023), the field of variable star research has experienced some important advances in recent years. The forthcoming Vera C. Rubin Observatory’s Legacy Survey of Space and Time (LSST) (Hambleton et al. 2023; Usher et al. 2023) is anticipated to augment these endeavors by contributing a wealth of observational data not only on variable stars, but also transient events, active galactic nuclei, and other sources. The sheer volume of data will require sophisticated automatic classification and analysis tools that do not rely on spectroscopy. In this context, the employment of multi-band template light curves is crucial for the development of new photometric classifiers and for the proper classification and characterization of these stars.
In recent decades, significant advancements have been made in constructing light-curve templates for RRLs. Layden (1998) pioneered the creation of six Johnson V-band RRab light curve templates. These templates were utilized to estimate these stars’ average magnitude and luminosity amplitude simultaneously. Later, Sesar et al. (2010) developed optical multiband templates for RRLs using Sloan Digital Sky Survey (SDSS) photometry in uɡriz bands. This comprehensive effort resulted in 22 RRab templates and two RRc templates, facilitating RRL identification (Boettcher et al. 2013; Ngeow et al. 2017; Sesar et al. 2017; Vivas et al. 2017; Medina et al. 2023). More recently, Braga et al. (2019) provided near-infrared JHKs light-curve templates for RRL variables.
We aim to provide new ɡriz multiband templates for RRLs in the Dark Energy Camera Plane Survey (DECaPS) East (DCP-E) field (Graham et al. 2023). This field covers a 2.2 square degree area as determined by the field of view of the Dark Energy Camera (DECam, instrument through which it is periodically observed), and is located in the Galactic bulge at central coordinates (RA, Dec) (J2000) = (18:03:34, −29:32:02). These new templates will prove invaluable for next-generation multi-band classifiers used in extensive photometric surveys and could potentially improve the classification accuracy of currently available systems such as the Automatic Learning for the Rapid Classification of Events (ALeRCE; Sánchez-Sáez et al. 2021, 2023), as well as the accurate computation of RR Lyrae mean magnitudes and colors.
The paper is organized as follows. Section 2 describes the data and methods used. The ɡriz multiband templates are presented in Section 3. Results and their discussion are given and discussed in Sections 4 and 5, respectively. Finally, we present our conclusions in Section 6.
Table 1 
Number of images by filter obtained in DCP-E field for our two nights of observations (2021A-0921) and the DDF regular program (Graham et al. 2023).

2 Data and methods
2.1 Field selection and exposure times
Time-domain astronomy has been historically challenged by working with irregularly spaced data due to solar motion, weather patterns, and unpredictable telescope allocations, resulting in wide gaps in their observations (Feigelson et al. 2019). However, the large amount of high-quality data and modern classification methods offer an unprecedented opportunity to better characterize, classify, and understand variable and transient phenomena.
The DECam Alliance for Transients (DECAT) is a consortium of DECam Principal Investigators (PIs) involved in time-domain research, each typically requiring only a few hours per night for their respective projects. They collaborate by requesting co-scheduled shared full or half nights and collectively develop observation plans that incorporate targets from all programs (Graham et al. 2021). In this framework, time-series surveys of select deep-drilling fields (DDFs) are being conducted using DECam on the Blanco 4-m telescope at Cerro Tololo Inter-American Observatory (CTIO). Additionally, our team carried out two nights of high-cadence (June 2 and 3, 2021), multiband (ɡriz) observations of the DCP-E field during semester 2021A, under National Optical-Infrared Astronomy Research Laboratory (NOIRLab) proposal number 2021A-0921 (principal investigator: M. Catelan). The selection of the DCP-E field was based on maximizing the potential number of variable stars, as it partially overlaps the RR Lyrae-rich field B1 from Saha et al. (2019). B1 is centered on Baade’s Window, a region of relatively low obscuration that is close to the direction of the Galactic center (Baade 1951; Arp 1965).
Table 1 presents a list of the acquired images from the DCP-E field for the regular DDF program (Graham et al. 2023) and our two nights of observations, categorized by filters. This work utilizes only images obtained up to May 2022.
Our own observations were carried out as follows.
On the first night, we utilized ɡr sequences with exposure times of 96 seconds for ɡ and 30 seconds for r. On the second night, we employed ɡriz sequences with exposure times of 96 seconds for ɡ and 30 seconds for the remaining filters. We did not use the u and Y exposures since they would not reach the desired depth compared to the ɡriz exposures, while at the same time impairing the desired high cadence. To ensure high-quality photometry, the observations presented in this paper were all conducted at airmasses lower than two.
2.2 Data processing
2.3 Photometry
We processed the instcal images acquired from the NOIRLab archive1 by using a modified implementation of the photpipe pipeline designed explicitly for DECam images. Photpipe is a widely used pipeline in various time-domain surveys (e.g., Rest et al. 2005; Miknaitis et al. 2007; Rest et al. 2014; Cowperthwaite et al. 2016). It is designed to perform single-epoch image processing tasks such as image calibration, photometric and astrometric calibration, image deformation, and obtain point-spread function (PSF) photometry using DOPHOT (Schechter et al. 1993; Alonso-García et al. 2012).
The final catalogs produced by photpipe contain, amongst other properties, the coordinates, PSF flux, zero points, and DOPHOT image type (DoType) quality flag for each detected source within a given image. We used sources with DoType = 1, ensuring that they are stellar sources with successful PSF fits (for further information, see Mateo et al. 2012). Besides this requirement, we also decided to incorporate data from the regular DDF program conducted at the DCP-E field (Graham et al. 2023) to maximize the phase coverage of stars within our sample. Importantly, the two sets of images underwent identical processing to ensure uniformity.
2.4 Building the source catalog
The literature was thoroughly reviewed to identify confirmed and candidate variable stars in the DCP-E field. We chose to analyze the RRLs listed in the OGLE catalog due to the exceptional quality of its light curves (Soszyński et al. 2014, 2019). The OGLE database offers comprehensive and well-characterized light curves for numerous RRLs, enabling accurate and detailed analysis of their pulsation behavior. Moreover, it contains the largest number of RRLs among the catalogs we reviewed, ensuring a robust and extensive dataset for our study. We utilize the periods provided by the OGLE Collection of Variable Stars2 (OCVS; Soszyński et al. 2014, 2019).
2.5 Crossmatching and selecting RR Lyrae stars
Our initial sample consisted of RRLs within 1.2 degrees of the center of the DCP-E field according to the OCVS (Soszynski et al. 2014, 2019). This initial sample was further refined through a crossmatch to the catalogs produced by photpipe for all our images, by using the match_to_catalog_sky method available within astropy (Astropy Collaboration 2013). The product of this procedure is a total of 1033 RRLs (698 RRab, 331 RRc, and five RRd) in our data, identified and characterized according to the OCVS. Since RRd stars typically have complex light curves that are not suitable for template generation, we exclude those from further analysis. Figure 1 depicts an approximate DECam footprint and the matched sources.
The variability of each object was independently checked in each band by visual inspection. This involved carefully examining and comparing our light curves with those from the OGLE catalog, as depicted in Figure 2. By closely analyzing the patterns and characteristics of the light curves, we confirmed that most of the selected stars exhibited clear and well-defined variability. However, 20 stars in our sample were affected by nearby bright sources, which resulted in DECam light curves without apparent variability. All of these sources were discarded in the present analysis.
We found 266 matches with the catalog from Prudil & Skarka (2017), where 261 of these sources are classified as RRLs showing the long-term light curve modulations that are characteristic of the Blažko (1907) effect (see, e.g., Smolec 2016, for a recent review). The remaining sources are flagged as having noticeable period changes. These stars were set aside for future analysis. After a visual inspection, we identified an additional 270 stars exhibiting the Blazhko effect, period changes, and/or double-mode behavior, which had not been previously reported. To confirm and further investigate these findings, these stars were set aside for future analysis. Figure 3 shows one such example. After discarding the affected stars, our final sample is comprised of 477 RRLs.
	[image: thumbnail]	Fig. 1 Distribution of RR Lyrae stars in the DCP-E field was previously identified by matching our data with OCVS (Soszyński et al. 2014, 2019). Orange circles represent those classified as RRab type, while blue circles represent the RRc type. The mosaic of rectangles represents the DECam footprint, where data is missing from the lower center CCD due to it being a non-functional CCD in DECam (N30).



2.6 Sigma-clipping
To obtain high-quality light curve templates, outlier removal is essential3. Unfortunately, routines such as the sigma_clipping function provided by astropy (Astropy Collaboration 2013, 2018) do not suit our purposes, as it is meant to remove outliers from points that are distributed normally around a mean value. In the case of light curves of variable stars, a different approach is required. For these purposes, we have devised a detrending and filtering method in which the original light curve is linearized along its length, and deviations from it are computed along the direction perpendicular to its length.
To achieve this, a new coordinate system was introduced, wherein the light curve was parametrized based on the normalized arc length (ℓ) and the Euclidean distance projected onto the fitted Fourier curve (dproj,i). Our Fourier fitting procedure will be described in the next section. Mathematically, the arc length of a curve represented by a function f (x) can be written as
[image: equation](1)
where, in our case, f (x) corresponds to a fitted truncated Fourier series, expressed as a function of the phase x. On the other hand, the Euclidean distance between an observation (xi, yi) and the Fourier fit is given by:
[image: equation](2)
In our case, уi corresponds to the observed magnitude at phase xi. Hence, the projected Euclidean distance, meaning the Euclidean distance perpendicular to the length of the curve, is equivalent to:
[image: equation](3)
Thus, once we obtained dproj,i, we can compute the phase xmin at which dproj,i = d(xmin), which in turn can be used to define the normalized arc length as follows:
[image: equation](4)
where [image: equation].
The main idea of this new coordinate system is using dproj,i, instead of the difference between yi and f (xi), as a new criterion for the sigma-clipping procedure. In the standard sigma clipping, we have for a particular phase xi the observed magnitude yi, and the prediction for the Fourier fit f (xi), and then we can exclude points where |yi − f(xi)| > nσ. However, this can introduce difficulties when dealing with, say, the steep rise in brightness of ab-type RR Lyrae stars, as in that part of the light curve, a small phase mismatch in the x axis between observations and the Fourier fit can cause significant differences between yi and f(xί). Consequently, some points that are visually close to the Fourier fit are often improperly discarded. Instead, by using the new coordinates dproj,i and ℓ, we have a more robust estimation of the apparent distance between the observed data points and predictions from the Fourier curve4. Essentially, for a certain normalized arc length ℓi, we have the projected distance of the observation to the Fourier curve dproj,i. We can exclude those points that satisfy dproj,i nc, where now σ is the standard deviation of the distribution of distances, computed perpendicularly from the linearized light curve. It is important to note that our method is iterative. Points near the rising branch that appear offset by several sigma in magnitudes from the Fourier fit may still be valid data points, as the Fourier fit itself is not perfect. Our method accounts for the imperfections in the Fourier fit during each iteration, ensuring that points a few sigma away in magnitude from the current curve are not necessarily removed. This approach provides a more accurate and reliable selection of data points.
To estimate the error in the new coordinates, we calculated the angle θi, given by
[image: equation](5)
where dmi/dx corresponds to the magnitude derivative obtained on the basis of the Fourier fit at each point in phase. This angle is used to calculate el,i and ed,i, which represent the projected errors in our new coordinates, as follows:
[image: equation](6)
[image: equation](7)
where e is the error in the original coordinate system, that is, the error in the photometry, as we assume the periods are known and the times are essentially error-free.
To evaluate the performance of our method, in Figure 4 we plot the light curves in the r-band for six RRab stars. Specifically, we compare the outlier removal achieved with our method with the one obtained using phase binning. The latter is another common tool that performs outlier removal by binning the light curve in phase and analyzing the distribution of magnitudes in each bin. The sigma-clipping method proposed here was applied using a 3σ rejection threshold and five iterations. These parameters were selected after testing with 1σ, 2σ, and 3σ rejection thresholds, and performing between one and six iterations. It was found that, with 1σ or 2σ thresholds, the method was overly strict, removing data points that by visual inspection did not appear to be outliers. Conversely, the 3σ option effectively identified and removed outliers with greater accuracy. Additionally, increasing the number of iterations beyond five did not affect the final result, leading to the selection of this value. It should be noted that the choice of these parameters depends on the characteristics of the data being analyzed. On the other hand, it is important to consider that, when using the phase-binning sigma-clipping method, if we apply a 3σ threshold, generally not all outliers are removed, as can be seen in the middle column of Figure 4. For this reason, 2σ is often used. However, when using 2σ, the generic sigma-clipping method tends to remove data that are not outliers, as shown in the third column. This becomes even more significant when applying a Fourier fit, as these outliers can significantly affect the behavior of the fit. Therefore, our routine performed better job at removing outliers than does the phase-binning method.
	[image: thumbnail]	Fig. 2 Comparison of DECam ɡriz light curves presented in this study against the OGLE I-band light curve for OGLE-BLG-RRLYR-11192 (RRab) and OGLE-BLG-RRLYR-10081 (RRc). Observations in the ɡ, r, i, z, and I bands are shown in green, orange, red, purple, and blue, respectively. Note that our sigma-clipping procedure described in Section 2.6 has already been applied, with the exception of the OGLE I-band light curve.



	[image: thumbnail]	Fig. 3 Example of a star that shows signs of period changes, OGLE-BLG-RRLYR-13523. The ɡriz and OGLE I-band data are represented with the same color code as in Figure 2. Stars presenting this type of behavior were excluded from further analysis.



3 The griz RR Lyrae templates
Our multiband light curve templates are provided in the form of truncated Fourier series. Our approach to obtain the corresponding coefficients is described in this section.
3.1 Fourier decomposition technique
As with any regular mathematical function, light curves can be expressed as a sum of cosine and sine series (e.g., Petersen 1986; Deb & Singh 2009; Ngeow et al. 2013), as follows:
[image: equation](8)
where m(t) represents the observed magnitude at time t, A0 is the mean magnitude, N is the order of the fit, ai and bi are the amplitude components of the ith harmonic, ω = 2π/P is the angular frequency, t0 is the epoch of maximum light, and P is the period of the star in days, as adopted from OCVS (Soszyński et al. 2014, 2019). Secondly, we can fold the time observation into phase as
[image: equation](9)
By employing the properties of trigonometric functions, m(t) can also be represented as follows:
[image: equation](10)
where [image: equation], and tan(ϕi) = −(bi/ai). The relative Fourier parameters (Simon & Lee 1981) are defined as
[image: equation](11)
[image: equation](12)
Both these parameters can also be used to describe the light curve shape (e.g., Deb & Singh 2009).
Determining the optimal number of terms in the Fourier decomposition of an individual light curve is complex. It is a crucial step because, if the value of N is too small, it may not capture all the essential features of the light curve; setting it too large, on the other hand, can result in overfitting, where the noise is modeled (Petersen 1986; Deb & Singh 2009). In this work, we initially determined the N value using Baart’s criterion (Baart 1982; Petersen 1986), and then adjusted the resulting N value through visual inspection of each light curve. It is important to note that Baart’s criterion does not account for errors in the photometry, which is one reason why adjusting the N value is necessary. Table 2 displays the median N values for each band, specifically for the RRab and RRc stars. RRc stars have smaller values of N since their light curves exhibit more sinusoidal behavior than do the light curves of RRab stars. As a result, the morphology of the light curves of RRc stars is generally less complex. In like vein, the N value decreases with increasing effective wavelength, which again reflects the fact that light curves become increasingly more sinusoidal as one approaches the infrared regime from the visual (e.g., Catelan & Smith 2015).
	[image: thumbnail]	Fig. 4 Example of the sigma-clipping technique proposed in this work for six RRab stars, where the black line depicts the Fourier fit in the r band. The yellow dots represent the remaining data points, and the red dots represent the data points removed using the 3σ threshold with five iterations (left panel). The central and right panel shows the phase-binning method using bins of 0.05 width (in phase) and a 3σ and 2σ threshold with five iterations, respectively.



3.2 Sample selection
To derive a precise ɡriɀ light-curve templates, we selected variables from the sample of 477 RRLs that satisfied the following criteria:

	At least 15 observations in each band, as in Sesar et al. (2010), to help ensure good phase coverage. In our final sample, the minimum number of observations per band is 48 for the RRab and 30 for the RRc. The mean number of observations per star is 341, the median is 291, and the standard deviation is 137 for the RRab stars, demonstrating robust observational coverage across the sample. For the RRc stars, the mean number of observations per star is 322, the median is 288, and the standard deviation is 148, confirming this group’s excellent phase coverage.


	No irregularities in the Fourier fit caused by poor phase coverage. We removed RRL templates affected by such irregular behavior by visual inspection.




Upon applying these criteria, our sample is reduced to 280 RRL, 136 of which correspond to RRab and 144 to RRc variables. Note that four templates are available for each star, one per each available ɡriɀ band. The period-amplitude (or Bailey) diagram and the period distributions for these RRL stars are shown in Figure 5. To define a polynomial relation that adequately describes the loci of Oosterhoff type I (Ool) and type II (OoII) stars (see, e.g., Catelan & Smith 2015, for the definition of Oo types), we followed the procedure described in Prudil et al. (2019). First, we binned our stellar sample based on their amplitudes, computed kernel density estimates as a function of the period for each amplitude bin, and determined the maximum in each bin. We then fit these maxima with a curve that best meets the expected physical conditions and describes the average behavior of the data. Second, we applied the conditions prescribed by Miceli et al. (2008) to distinguish between the two Oosterhoff groups, using a fixed threshold of 0.045 in logarithmic period shift, calculated at fixed ɡ-band amplitudes. Next, we explored suitable analytical representations of these data, finding that the following expressions conveniently describe the average loci occupied by the OoI and OoII components in all four bands:
[image: equation](13)
[image: equation](14)
their respective a, b, c coefficients are shown in Table 3. The results of this procedure are shown in Figure 6.
Table 2 
Median N values obtained in the Fourier fits to the ɡriɀ light curves of RRab and RRc stars.

	[image: thumbnail]	Fig. 5 Period-amplitude diagram in the ɡriɀ bands (top panel) and period distribution (bottom panel). Circles and crosses represent RRab and RRc stars, respectively, color-coded by bandpass according to the color scheme shown in the upper-right corner of the top panel.



Table 3 
Coefficients for the analytical relationships describing the Oosterhoff loci in the ɡriɀ bands.

3.3 The griz RR Lyrae templates
The above procedure was applied to our full sample of RR Lyrae stars, and templates derived accordingly; examples are shown in Figure 7, where the derived multiband templates are overplotted on the empirical data for the RRab star OGLE-BLG-RRLYR-11250 (upper panels) and the RRc star OGLE-BLG-RRLYR-12075 (bottom panels). This figure reveals excellent agreement between our modeling and the data. As expected, the largest residuals are still found on the rising branch, due to the inherently rapid light curve evolution in this phase of the pulsation cycle. However, this does not affect the overall quality of the fits.
Careful comparison between our templates and the data they are modeled after reveals a tendency for increased fluctuations for stars with fewer data points, smaller amplitudes, and/or fainter magnitudes. These trends are as expected, and explain the slightly larger residuals in the case of the redder, smaller-amplitude passbands shown in Figure 7. This increased scatter notwithstanding, the corresponding templates still properly describe the expected light curve behavior displayed by both RRab and RRc stars.
Figures 8 and A.1 show our final set of templates per band. In these plots, the magnitude range has been rescaled to the range [0,1], so that the amplitudes are normalized to one. As shown in Figure 5, the templates for RRab stars cover a period range from 0.36 to 0.93 days, while the templates for RRc stars span from 0.20 to 0.49 days. Figure 9 shows, in addition, a notable trend where the minimum of the light curve is reached at later phases (implying smaller rise times) for greater amplitudes, as expected for RRab stars.
We provide two quality indicators to facilitate the use of these templates. First, we visually classify the templates according to their quality (Q). A template with a quality rating Q = 2 has magnitude values well sampled across all phases, and the template follows the observational trends. Then, a quality rating Q = 1 suggests that, although phase coverage may be relatively limited, any phase gaps do not adversely affect the final template morphology. Finally, the second indicator (Q′) evaluates the quality of phase data by dividing the phase into a series of equal-sized bins, covering the entire range from zero to one in steps of 0.01, which results in 100 bins. These bins are evenly distributed across the phase space. Within each bin, the function calculates residuals, which are the differences between the observed and interpolated magnitudes, normalized by the photometric errors. For each bin, it computes the standard deviation of these residuals, reflecting the spread of the errors. The spread is then used in an inverse logistic function to derive a quality score for that bin. Finally, the overall quality indicator is calculated as the average of the quality scores across all bins, providing a comprehensive measure of the consistency and accuracy of the phase data. Typical quality values for the best RRL templates are usually around 0.8 to 1. On the other hand, lower quality templates generally have quality values below 0.5.
The templates and quality indicators are available via Zenodo5 and Github6 repositories.
	[image: thumbnail]	Fig. 6 Period-amplitude diagram for the ɡriɀ bands of RRab stars. The purple and red solid lines represent the new analytical relations for the Ool and OoII loci, as provided in Equations (13) and (14), respectively.



	[image: thumbnail]	Fig. 7 Examples of multiband templates for OGLE-BLG-RRLYR-12075, an RRc (two upper panels), and OGLE-BLG-RRLYR-11250, an RRab (two bottom panels). In the main light curve plots, the points represent individual measurements in, from left to right, the ɡriɀ bands. Underneath each set of light curves, the residuals between the derived template (Fourier fit) and the observed magnitude data for both RRL subclasses are shown.



	[image: thumbnail]	Fig. 8 Phase against normalized magnitude for our 136 RRab templates. From left to right: the top panels contain g and r bands, while the bottom panels show i and ɀ. The bands are shown in green, orange, red, and purple, respectively.



	[image: thumbnail]	Fig. 9 Templates obtained for RRab stars in the ɡriɀ bands (from left to right), color-coded according to their real amplitudes following the color bar on the top of each panel.



3.4 Comparison against Sesar et al. (2010)
To test the consistency and reliability of our templates, we compare against the ones previously presented by Sesar et al. (2010).
Unlike ours, the Sesar et al. (2010) templates were built for RRLs found in the Stripe 82 region of the SDSS (Alam et al. 2015; York et al. 2000). They provide a set of 12,23,22,22, and 19 templates in the uɡriɀ bands, respectively.
In contrast, they offer only one and two templates for RRc stars in each of the uz and ɡri bands, respectively.
Figure 10 shows our templates obtained for the ɡriɀ bands, and the templates from the Sesar et al. (2010) study shown in black. To carry out this comparison, our DECam magnitudes were transformed to the SDSS system (Fukugita et al. 1996) by means of the following procedure.
First, we apply photometric transformations from the DECam system to Pan-STARRS (Chambers et al. 2016), using the coefficients given in Schlafly et al. (2018). Next, we perform the transformation from Pan-STARRS to Sloan, following the procedure described in Tonry et al. (2012).
Comparing the overall trends, it is evident that our templates closely follow the general shape and behavior of the Sesar et al. (2010) templates in each band. The rising and descending branches and the characteristic humps and bumps are largely consistent between the templates, but ours capture more nuanced features of RRab light curves. These include, for instance, a bump at a phase around 0.65, also seen in the light curves shown in Ngeow et al. (2017), which are not as clearly represented in the Sesar et al. (2010) template set.
Indeed, our template sample provides a more comprehensive representation compared to their templates as it encompasses a broader range of amplitudes, periods, rise times, including also RRab stars with minima at phases below 0.70. Another critical distinction pertains to the methodology adopted for constructing the templates; in Sesar et al. (2010), prototype templates were smoothed by averaging over similarly shaped light curves a necessity in their case, as light curves from the SDSS Stripe 82 were used, whose quality are not comparable to those used in our analysis, in terms of phase coverage, signal-to-noise ratio, and total number of data points per light curve alike.
Accordingly, in our work we opted against averaging the templates. The outstanding quality of our individual light curves underpins this choice. Averaging templates, especially those derived from such high-quality data, risks obfuscating unique features or subtle characteristics of individual curves. By eschewing averaging, we retain the details and variations inherent to each band, thus ensuring templates that more closely follow the observed variety of light curve shapes.
	[image: thumbnail]	Fig. 10 Comparison of the templates obtained in this study for the ɡriz bands and those from the study by Sesar et al. (2010) (black) in the DSS system. Note that all template shapes presented in Sesar et al. (2010) are contained as subsets of our templates.



4 Fourier parameters
Fourier parameters play a crucial role in analyzing and characterizing periodic signals. One of their key advantages is their ability to quantify the shape and variability of periodic signals (Schaltenbrand & Tammann 1971; Jurcsik & Kovacs 1996). Furthermore, in the case of RR Lyrae stars, Fourier parameters can help differentiate between the RRab and RRc subtypes (see, e.g., Simon 1985; Moskalik & Poretti 2003; Sesar et al. 2010; Mullen et al. 2021, 2022; Zong et al. 2023).
The light curve parameters of our sample of RRLs obtained from the best-fit ɡriz templates are listed in Table B.1. Figure 11 depicts four subplots for the ɡriz bands, illustrating the relationship between the low-order Fourier parameters (R21 , ϕ21 , R31 , and ϕ31) and the logarithm of the period, and compares them with those reported by OCVS for RRab and RRc stars. Firstly, for RRab stars, it is evident that R21 and R31 generally decrease as the period increases. Moreover, we observe an increase in ϕ21 and ϕ31 with longer periods. To analyze these trends in a more quantitative way, in Figure B.1 we analyze the interrelation among all light curve parameters computed in this paper, quantified by means of their respective Pearson correlation coefficients and displayed in the form of a “confusion matrix”. As can be clearly seen in this figure, both parameters R21 and R31 show negative correlations with the period across all bands.
On the other hand, for ϕ21 and ϕ31 , the correlation coefficients are all positive with the period. These findings are in agreement with similar results from previous studies, specifically using SDSS filters (Ngeow et al. 2017). Other studies reported comparable trends, although they employed different bandpasses (Deb & Singh 2009; Prudil et al. 2020; Zong et al. 2023).
Our distribution of R21 and R31 values is largely consistent with that reported by Zong et al. (2023) for non-Blazhko stars. In addition, we observe a trend in that ϕ21 and ϕ31 are higher in redder bands, similar to Ngeow et al. (2017). This behavior is expected, considering the fact that the amplitudes decrease and the light curves become more sinusoidal as one moves toward redder bands such as iz. Secondly, for RRc stars, we observe a similar behavior; however, the correlation coefficients for RRc stars are much smaller compared to those for RRab stars. Comparing these results with Ngeow et al. (2017), our distribution appears sharper and clearer as the period increases. Additionally, when comparing the values obtained in this work with those reported by OCVS, we observe a high degree of similarity. In particular, the results for the i band in this study are similar to those reported by OCVS in the I band. Figure B.2 shows the Pearson correlation coefficients obtained for the RRc stars, which support the above discussion.
Additionally, we observe a noticeable correlation between the amplitude and the logarithm of the period, dependent on R21 in the four bands. As the period increases, the value of R21 decreases on average, accompanied by a decrease in the amplitude. This suggests that RRLs with longer periods and smaller amplitudes tend to show lower values of R21 in the ɡriz bands, as illustrated in Figure 12 and supported by other studies (Deb & Singh 2009; Ngeow et al. 2017; Prudil et al. 2020).
	[image: thumbnail]	Fig. 11 Fourier parameters R21 (upper left), ϕ21 (bottom left), R31 (upper right), and ϕ31 (bottom right) as a function of the logarithm of the period, as obtained in this study for the ɡriz bands, along with those reported by OCVS in the I band for RRab (circles) and RRc (crosses) stars. Our ɡriz data and OGLE’s I-band data are represented using the same color scheme as in Figure 2.



5 Rise time, skewness, and kurtosis parameters
The rise time, defined as RT = ϕmax − ϕmin, provides information about the time it takes for a variable star’s brightness to increase from its minimum (ϕmin) to its maximum (ϕmax) light. Figure 13 shows a notable trend in the ɡriz bands for RRab stars, where the rise time generally increases with the period (Sandage et al. 1981; Cacciari 1984; Cacciari et al. 2005). Additionally, a clear correlation is observed: as the value of R31 increases, the rise time tends to decrease. These findings are consistent with previous studies (Sandage 2004; Zong et al. 2023). Moreover, our analysis reveals that the rise time increases with larger values of ϕ31 and decreases with larger total amplitudes. As mentioned above, this is expected, considering that the amplitudes of the RRLs decrease as one moves toward redder bands. In Figure B.1, these trends are quantified by means of their respective Pearson correlation coefficients, where RT shows negative correlations with amplitude, R21 , R31 , and kurtosis across all bands for RRab stars. On the other hand, for RRc stars significant correlations are not apparent, with rise times largely clumping around a small range of values for the quantities on both axes. The exception is ϕ31 , which covers a large range of values, with only a hint of an anticorrelation with RT.
On the other hand, skewness and kurtosis are important statistical measures used in the study of RRLs. These measures provide valuable insights into the shape and asymmetry of the light curves exhibited by these pulsating variable stars (Stellingwerf & Donohoe 1986, 1987; Holl et al. 2018). Skewness is used to quantify the asymmetry of light curves (Stellingwerf & Donohoe 1986, 1987; Holl et al. 2018; Audenaert et al. 2021). Positive skewness indicates that the distribution is skewed to the right, while negative skewness indicates a left-skewed distribution. It can also help distinguish between RRLs, such as RRab and RRc, which exhibit different asymmetry patterns in their light curves. Second, high kurtosis indicates a more peaked light curve shape, while low kurtosis indicates a flatter one (Wils et al. 2006; Holl et al. 2018).
Figure 14 shows the skewness and kurtosis values for RR Lyrae stars in the ɡriz bands. The left panel gives an overview of the distribution of the skewness values for each band. A very similar behavior can be observed for the skewness values for RRc stars, independent of the band. Note that these values are concentrated around an interval between −0.15 and 0.2. In contrast, for RRab stars, the skewness value tends to increase with period, showing a strong positive correlation with both period and RT (see Figure B.1). Additionally, there appears to be a strong negative correlation between skewness and amplitude, which also shows a notable dependence on effective wavelength. Similarly, the right panel provides an overview of the kurtosis distribution for each band. The kurtosis values for RRc stars are generally concentrated around −1.6 and −1.4, while for RRab stars, they decrease as the period increases. Based on the Pearson correlation coefficient, we observe a positive correlation between kurtosis and amplitude, as well as R31 , for RRab stars, and a negative correlation between kurtosis and these same parameters for RRc stars.
	[image: thumbnail]	Fig. 12 Total amplitude as a function of log(P) in (from left to right) the ɡriz bands for RRab and RRc stars, represented by circles and stars, respectively. The color of the symbols indicates the value of the Fourier parameter R21, as shown by the color bar at the top.



	[image: thumbnail]	Fig. 13 Rise time is shown in upper left panel plotted against the period. Upper right panel displays R31, lower left panel represents the total amplitude, and lower right panel depicts ϕ31 for RRab and RRc stars. The ɡriz bands are represented with the same symbols and color scheme as in Figure 11.



6 Summary
In this work, we studied 1033 previously known RRL stars in the DCP-E DDF, located toward the Galactic bulge in the vicinity of Baade’s Window. Extensive multiband time-series data in the SDSS system (ɡriz bands), both from the main DECAT program and our own observations, were used in this work. We have used these data to provide an extensive set of ɡriz light curve templates for both the RRab and RRc subtypes.
Our final set of templates, comprised of 136 RRab and 144 carefully selected RRc stars covering a wide range of periods and amplitudes, was derived using Fourier decomposition, performed in an iterative way using a novel outlier removal technique. Compared to traditional methods, our approach helps ensure that good measurements located in the vicinity of the steep rising branches of RRab stars are not inadvertently removed when performing the fitting.
Using our extensive template set, we analyze the dependence of the multiband Fourier coefficients, as well as the light curve rise time, skewness, and kurtosis, on parameters such as the period, light curve amplitude, and effective wavelength. Our results, which are provided in the form of extensive tabulations and computer routines, are expected to be especially useful to help detect and characterize RRLs in future surveys such as the upcoming Rubin Observatory’s LSST.
	[image: thumbnail]	Fig. 14 Skewness and kurtosis value versus period plot for different photometric bands. The closed circles represent RRc stars and the open circles RRab stars. The ɡriz bands are represented with the same color code as Figure 2.
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Appendix A  RRc templates
Figure A.1 displays the derived templates for the RRc stars in our sample, similarly to what was done in Figure 8 in the case of our RRab stars.
	[image: thumbnail]	Fig. A.1 Same as Figure 8, but depicting our 144 RRc templates in the ɡriz bands.




Appendix B  Light curve parameters and confusion matrices
In Sect. 3.1, we described the procedure used to obtain the Fourier coefficients corresponding to our RRab light curve templates. In like vein, Sect. 5 describes the latter’s rise time, skewness, and kurtosis. For each star, the corresponding values, in addition to the periods, amplitudes, Fourier decomposition order, and quality diagnostics (described in Sect. 3.3) are provided in Table B.1.
Table B.1 
Properties of 136 RRab and 144 RRc stars in the template data sample.

The interrelation among the aforementioned light curve parameters was quantified by means of their respective Pearson correlation coefficients. The latter are displayed in the form of “confusion matrices” for both the RRab (Fig. B.1) and RRc (Fig. B.2) stars in our template sample.
	[image: thumbnail]	Fig. B.1 Confusion matrices illustrating the Pearson correlation coefficients obtained for the different parameters of RRab stars. Upper left: g band; upper right: r band; bottom left: i band; bottom right: z band.



	[image: thumbnail]	Fig. B.2 Same as Figure B.1, but for RRc stars.
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3 For the present purposes, an “outlier” is defined as a measurement that deviates substantially from the mean (local) locus occupied by the bulk of the data for a given variable star in a time series and/or phase diagram. It should be noted that such outliers are all not necessarily spurious measurements, as certain physical processes can give rise to significant deviations from the mean light curve. In this sense, our algorithm could in principle be used in reverse, to identify outliers of potential astrophysical interest. An obvious example includes narrow eclipses in eclipsing systems containing one or more pulsating stars (e.g., Soszyński et al. 2008, 2021; Debosscher et al. 2013; Udalski et al. 2015). Other possibilities include flares, as shown, for instance, in Fig. 6 of Szabó et al. (2011) and Fig. 2 of Shi et al. (2021), and microlensing by small bodies, as in Fig. 1 of Bond et al. (2004). However, to the best of our knowledge, these are phenomena that have not yet been identified in the specific case of RRL stars, most likely because they are intrinsically very rare.
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	[image: thumbnail]	Fig. 1 Distribution of RR Lyrae stars in the DCP-E field was previously identified by matching our data with OCVS (Soszyński et al. 2014, 2019). Orange circles represent those classified as RRab type, while blue circles represent the RRc type. The mosaic of rectangles represents the DECam footprint, where data is missing from the lower center CCD due to it being a non-functional CCD in DECam (N30).
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	[image: thumbnail]	Fig. 2 Comparison of DECam ɡriz light curves presented in this study against the OGLE I-band light curve for OGLE-BLG-RRLYR-11192 (RRab) and OGLE-BLG-RRLYR-10081 (RRc). Observations in the ɡ, r, i, z, and I bands are shown in green, orange, red, purple, and blue, respectively. Note that our sigma-clipping procedure described in Section 2.6 has already been applied, with the exception of the OGLE I-band light curve.
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	[image: thumbnail]	Fig. 3 Example of a star that shows signs of period changes, OGLE-BLG-RRLYR-13523. The ɡriz and OGLE I-band data are represented with the same color code as in Figure 2. Stars presenting this type of behavior were excluded from further analysis.
In the text



	[image: thumbnail]	Fig. 4 Example of the sigma-clipping technique proposed in this work for six RRab stars, where the black line depicts the Fourier fit in the r band. The yellow dots represent the remaining data points, and the red dots represent the data points removed using the 3σ threshold with five iterations (left panel). The central and right panel shows the phase-binning method using bins of 0.05 width (in phase) and a 3σ and 2σ threshold with five iterations, respectively.
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	[image: thumbnail]	Fig. 5 Period-amplitude diagram in the ɡriɀ bands (top panel) and period distribution (bottom panel). Circles and crosses represent RRab and RRc stars, respectively, color-coded by bandpass according to the color scheme shown in the upper-right corner of the top panel.
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	[image: thumbnail]	Fig. 6 Period-amplitude diagram for the ɡriɀ bands of RRab stars. The purple and red solid lines represent the new analytical relations for the Ool and OoII loci, as provided in Equations (13) and (14), respectively.
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	[image: thumbnail]	Fig. 7 Examples of multiband templates for OGLE-BLG-RRLYR-12075, an RRc (two upper panels), and OGLE-BLG-RRLYR-11250, an RRab (two bottom panels). In the main light curve plots, the points represent individual measurements in, from left to right, the ɡriɀ bands. Underneath each set of light curves, the residuals between the derived template (Fourier fit) and the observed magnitude data for both RRL subclasses are shown.
In the text



	[image: thumbnail]	Fig. 8 Phase against normalized magnitude for our 136 RRab templates. From left to right: the top panels contain g and r bands, while the bottom panels show i and ɀ. The bands are shown in green, orange, red, and purple, respectively.
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	[image: thumbnail]	Fig. 9 Templates obtained for RRab stars in the ɡriɀ bands (from left to right), color-coded according to their real amplitudes following the color bar on the top of each panel.
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	[image: thumbnail]	Fig. 10 Comparison of the templates obtained in this study for the ɡriz bands and those from the study by Sesar et al. (2010) (black) in the DSS system. Note that all template shapes presented in Sesar et al. (2010) are contained as subsets of our templates.
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	[image: thumbnail]	Fig. 11 Fourier parameters R21 (upper left), ϕ21 (bottom left), R31 (upper right), and ϕ31 (bottom right) as a function of the logarithm of the period, as obtained in this study for the ɡriz bands, along with those reported by OCVS in the I band for RRab (circles) and RRc (crosses) stars. Our ɡriz data and OGLE’s I-band data are represented using the same color scheme as in Figure 2.
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	[image: thumbnail]	Fig. 12 Total amplitude as a function of log(P) in (from left to right) the ɡriz bands for RRab and RRc stars, represented by circles and stars, respectively. The color of the symbols indicates the value of the Fourier parameter R21, as shown by the color bar at the top.
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	[image: thumbnail]	Fig. 13 Rise time is shown in upper left panel plotted against the period. Upper right panel displays R31, lower left panel represents the total amplitude, and lower right panel depicts ϕ31 for RRab and RRc stars. The ɡriz bands are represented with the same symbols and color scheme as in Figure 11.
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	[image: thumbnail]	Fig. 14 Skewness and kurtosis value versus period plot for different photometric bands. The closed circles represent RRc stars and the open circles RRab stars. The ɡriz bands are represented with the same color code as Figure 2.
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	[image: thumbnail]	Fig. A.1 Same as Figure 8, but depicting our 144 RRc templates in the ɡriz bands.
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	[image: thumbnail]	Fig. B.1 Confusion matrices illustrating the Pearson correlation coefficients obtained for the different parameters of RRab stars. Upper left: g band; upper right: r band; bottom left: i band; bottom right: z band.
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	[image: thumbnail]	Fig. B.2 Same as Figure B.1, but for RRc stars.
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      Fig. 3 

      
        [image: thumbnail]
      

      
        Example of a star that shows signs of period changes, OGLE-BLG-RRLYR-13523. The ɡriz and OGLE I-band data are represented with the same color code as in Figure 2. Stars presenting this type of behavior were excluded from further analysis.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Period-amplitude diagram in the ɡriɀ bands (top panel) and period distribution (bottom panel). Circles and crosses represent RRab and RRc stars, respectively, color-coded by bandpass according to the color scheme shown in the upper-right corner of the top panel.

      

    

  
    
      Fig. 7 
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        Examples of multiband templates for OGLE-BLG-RRLYR-12075, an RRc (two upper panels), and OGLE-BLG-RRLYR-11250, an RRab (two bottom panels). In the main light curve plots, the points represent individual measurements in, from left to right, the ɡriɀ bands. Underneath each set of light curves, the residuals between the derived template (Fourier fit) and the observed magnitude data for both RRL subclasses are shown.

      

    

  
    
      Fig. 10 
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        Comparison of the templates obtained in this study for the ɡriz bands and those from the study by Sesar et al. (2010) (black) in the DSS system. Note that all template shapes presented in Sesar et al. (2010) are contained as subsets of our templates.

      

    

  
    
      Fig. 11 
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        Fourier parameters R21 (upper left), ϕ21 (bottom left), R31 (upper right), and ϕ31 (bottom right) as a function of the logarithm of the period, as obtained in this study for the ɡriz bands, along with those reported by OCVS in the I band for RRab (circles) and RRc (crosses) stars. Our ɡriz data and OGLE’s I-band data are represented using the same color scheme as in Figure 2.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Total amplitude as a function of log(P) in (from left to right) the ɡriz bands for RRab and RRc stars, represented by circles and stars, respectively. The color of the symbols indicates the value of the Fourier parameter R21, as shown by the color bar at the top.

      

    

  
    
      Fig. 13 
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        Rise time is shown in upper left panel plotted against the period. Upper right panel displays R31, lower left panel represents the total amplitude, and lower right panel depicts ϕ31 for RRab and RRc stars. The ɡriz bands are represented with the same symbols and color scheme as in Figure 11.

      

    

  
    
      Fig. 14 
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        Skewness and kurtosis value versus period plot for different photometric bands. The closed circles represent RRc stars and the open circles RRab stars. The ɡriz bands are represented with the same color code as Figure 2.

      

    

  
    
      Fig. A.1 
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        Same as Figure 8, but depicting our 144 RRc templates in the ɡriz bands.

      

    

  
    
      Table B.1 

      Properties of 136 RRab and 144 RRc stars in the template data sample.

      
        


	ID(a)
	Type
	Period (b)
	Band
	Atot
	R21
	R31
	ϕ21
	ϕ31
	RT
	Skewness Kurtosis
	N
	Q
	Q′



	
	
	(day)
	
	(mag)
	
	
	(rad)
	(rad)
	
	
	
	
	
	





	10891
	RRab
	0.492880
	g
	1.313
	0.477
	0.358
	3.829
	1.719
	0.120
	-0.832
	-0.602
	9
	2
	0.710



	
	
	
	r
	0.953
	0.504
	0.393
	4.076
	2.094
	0.118
	-0.665
	-0.708
	9
	2
	0.825



	
	
	
	i
	0.799
	0.492
	0.382
	4.237
	2.338
	0.130
	-0.512
	-0.796
	7
	2
	0.776



	
	
	
	z
	0.744
	0.510
	0.352
	4.249
	2.443
	0.121
	-0.417
	-0.932
	7
	2
	0.724



	13817
	RRab
	0.609958
	g
	0.938
	0.507
	0.308
	4.111
	2.189
	0.193
	-0.529
	-0.961
	11
	2
	0.737



	
	
	
	r
	0.660
	0.522
	0.316
	4.343
	2.630
	0.204
	-0.275
	-1.055
	11
	2
	0.854



	
	
	
	i
	0.510
	0.508
	0.310
	4.572
	3.051
	0.189
	-0.002
	-1.107
	8
	2
	0.722



	
	
	
	z
	0.508
	0.519
	0.311
	4.616
	3.187
	0.200
	0.081
	-1.010
	8
	2
	0.711



	11966
	RRab
	0.507553
	g
	1.181
	0.498
	0.356
	3.865
	1.819
	0.150
	-0.807
	-0.652
	12
	2
	0.611



	
	
	
	r
	0.837
	0.490
	0.364
	4.202
	2.331
	0.116
	-0.487
	-0.960
	12
	1
	0.533



	
	
	
	i
	0.645
	0.414
	0.371
	4.107
	2.274
	0.140
	-0.431
	-1.087
	7
	2
	0.579



	
	
	
	z
	0.647
	0.462
	0.357
	4.199
	2.404
	0.152
	-0.396
	-1.048
	7
	2
	0.607



	13354
	RRc
	0.223819
	g
	0.384
	0.131
	0.045
	4.405
	-0.276
	0.373
	-0.061
	-1.547
	4
	2
	0.821



	
	
	
	r
	0.289
	0.141
	0.036
	4.571
	-0.101
	0.421
	-0.025
	-1.509
	3
	2
	0.886



	
	
	
	i
	0.218
	0.166
	-
	4.784
	-
	0.387
	0.036
	-1.426
	2
	2
	0.735



	
	
	
	z
	0.218
	0.183
	-
	4.932
	-
	0.438
	0.092
	-1.408
	2
	2
	0.686



	11557
	RRc
	0.393083
	g
	0.444
	0.065
	0.097
	3.714
	1.350
	0.304
	0.121
	-1.524
	5
	2
	0.841



	
	
	
	r
	0.322
	0.052
	0.099
	3.925
	1.765
	0.312
	0.077
	-1.437
	5
	2
	0.866



	
	
	
	i
	0.257
	0.036
	0.084
	4.347
	1.665
	0.307
	0.033
	-1.456
	3
	2
	0.777



	
	
	
	z
	0.243
	0.026
	0.080
	4.529
	2.027
	0.325
	0.018
	-1.403
	3
	2
	0.631



	10729
	RRc
	0.331866
	g
	0.492
	0.102
	0.078
	4.705
	0.515
	0.447
	0.026
	-1.597
	4
	2
	0.689



	
	
	
	r
	0.336
	0.103
	0.084
	4.921
	0.725
	0.388
	0.078
	-1.567
	3
	2
	0.909



	
	
	
	i
	0.284
	0.136
	0.057
	5.018
	1.091
	0.389
	0.122
	-1.483
	3
	2
	0.801



	
	
	
	z
	0.276
	0.121
	-
	5.117
	-
	0.398
	0.112
	-1.459
	2
	2
	0.748





      

      
Notes. This table is available entirely at the CDS. A portion is provided here as an example to illustrate its structure and content. (a)OGLE identification number, in the format OGLE-BLG-RRLYR-ID. (b)Period values adopted from OCVS.




    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Confusion matrices illustrating the Pearson correlation coefficients obtained for the different parameters of RRab stars. Upper left: g band; upper right: r band; bottom left: i band; bottom right: z band.
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