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Introduction
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• RR Lyrae stars are low mass (0.5 ≲M/M⊙≲ 0.8), evolved stars 

(age ≳ 10 Gyr) located at the intersection of the horizontal branch 

and classical instability strip in the HertzsprungRussell diagram.

• Their well defined period-luminosity relation at infrared wavelengths 

makes them good standard candles.

• they are valuable for studying stellar evolution and pulsation as well as 

for studying the structure, formation, and evolution of the Galactic halo.
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• NGC 5272 (Messier 3 or M3, with R.A. (J2000) = 13h42m11s and Dec 

(J2000) = +28◦22′32′′) is a globular cluster located approximately 11.9 kpc 

from the Galactic centre, about 10 kpc from the Sun, and around 9.7 kpc 

above the Galactic plane (Harris 1996).

• This cluster has a population of approximately 240 RR Lyrae stars, many of 

which are fundamental mode RR Lyrae (RRab) stars. M3 is considered a 

mono-metallic cluster with a mean metallicity of [Fe/H] ∼ −1.5 dex . 

➢ A multi-band photometric study of the large sample of RR Lyrae in M3 using a vast dataset covering 

long time-baseline and spectral-coverage of observations will be useful to explore and analyse the 

pulsation properties of RR Lyrae stars in unprecedented detail. 

➢ combined optical (𝑈𝐵𝑉 𝑅𝐼) and near-infrared (NIR, 𝐽𝐻𝐾𝑠) photometry of RR Lyrae variables to 

investigate their pulsation properties such as period distributions and amplitude ratios. And the 

Period-Luminosity relations and Period-Wesenheit relations were derived .
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➢accurate, homogeneous, and consistently calibrated multi-band 𝑈𝐵𝑉𝑅𝐼 photometry for M3 based on 3140 

optical CCD images obtained from public archives (Stetson et al. 2019).

optical CCD images

⚫ All images were preprocessed in a standard 

way, including bias subtraction and flat-

fielding. 

⚫ The photometry and calibration were carried 

out using the DAOPHOT/ALLFRAME 

software.

⚫ different standard filters (such as Sloan 𝑢, 𝑔, 

𝑟, 𝑖, and Stroemgren 𝑏, 𝑦 filters), which 

were transformed to standard Johnson/Kron-

Cousins photometric 𝑈𝐵𝑉𝑅𝐼 bands/

➢ covers a sky area 57’ × 56’
➢ spanning slightly over 35 years.
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➢The identification of RR Lyrae stars in the M3 globular cluster was accomplished using the reference list 

compiled by Clement et al.

Identification of variable stars

total number of RR Lyrae stars 238.

• 178 RRab stars 

• 49 RRc stars

• 11 double/multi-mode (RRd) variables

• 90 were Blazhko variables of this group.

RRab star RRc star

non-Blazhko stars Blazhko stars

Blazhko effect :the light curves’ 

amplitude and phase modulations over a 

timescale significantly longer than their 

primary pulsation period.
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Period determination and distribution 

Multi-band Lomb Scargle (MBLS) algorithm method utilizes a shared base model and combines residuals 

from individual fits to determine the overall period of the data across multiple filter pass bands.
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To assess the consistency, validity, and accuracy of the 

derived periods:

• periods obtained through the Multi-Band Lomb Scargle

(MBLS) method and those reported by literature

• smaller string length per unit phase usually indicates a 

better period fitting.

The mean period of M3’s RRab stars:0.562 days

The mean period of M3’s RRc stars :0.342 days

Determination of pulsation properties
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Template fitting

• the templates generated by Sesar et al. (2009)

• fundamental parameters as input : period, the epoch of maximum light, and amplitude ratio.

• minimised the 𝜒2 deviation between the actual magnitude measurements (𝑚) and the template fit 

magnitudes (𝑚fit).

solve for the mean magnitude, 

amplitude, and a phase offset 

simultaneously.
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Template fitting

All the magnitudes were corrected for Galactic extinction 𝐸 (𝐵 − 𝑉) = 0.013 with the conversion 

factors adopted from Schlegel et al. (1998)
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Period-Luminosity (PL) Relations

RR Lyrae exhibit a well-defined Period-Luminosity relationship (PLR) in near-infrared wavelength 

bands

The scatter (rms) in the PLRs is a 

consequence of the intrinsic width 

of the instability strip in 

temperature. It may also arise due 

to the metallicity spread of the RR 

Lyrae in clusters and the 

uncertainties in extinction 

correction.
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Period-Wesenheit (PW) Relations

Wesenheit index is defined as a combination of multiple passband magnitudes of a star in a way that 

effectively eliminates the impact of reddening. 

coefficient of the color term— ξ—is the 

ratio between the selective absorption in the 

X band and the color excess in the adopted 

color.

They adopted the same Wesenheit magnitudes 

constructed for theoretical models in Marconi et al. 

(2015):
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Using the derived PW relations for FU(Rrab), FO(RRc), and the global sample of stars, they calculated 

the distances to each RR Lyrae star and then determined the mean distance to the M3 cluster.

distance moduli (𝜇) to M3 :

15.05 ± 0.06 (statistical) ± 0.08 (systematic) mag for FU

15.01 ± 0.02 ± 0.28 mag for FO

15.05 ± 0.03 ± 0.06 mag for the global sample.

Using the metal-dependent PW(𝐼, 𝑉 − 𝐼) relation and adopting [Fe/H] = −1.53 dex, Employing the 

theoretical relations from Marconi et al. (2015):

The results were compared with those from other studies, showing good agreement in both optical and 

near-infrared photometric determinations.

𝜇 = 15.03 ± 0.17(syst.)±0.04

• statistical error :accounts for the dispersion 
in the distribution of individual RR Lyrae star 
distance moduli. 

• systematic error: reflects the discrepancy 
between the theoretical and semi-empirical 
calibration of the PWrelations.
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this study on the M3 globular cluster utilized a large photometric dataset spanning 35 years to 

investigate the pulsation properties of its RR Lyrae population. 

By analyzing light curves at multiple filter bands and employing the Multi-Band Lomb Scargle

algorithm, accurate period measurements were obtained for a significant number of stars. 

Template fitting and multi-band photometric data were used to study the instability strip and filter out 

outlier stars. The study confirmed the classification of RRab and RRc stars using Bailey's diagram and 

observed general agreement with literature values for luminosity amplitude ratios.

Period-Luminosity and Period-Wesenheit relations were derived for different bands, showing good 

agreement with theoretically predicted relations. The distance modulus of M3 was determined to be 

consistent with previous literature, with values obtained using metal-dependent Wesenheit magnitudes.

Thank you!



Thank you for your attention!
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