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Introduction



RR Lyrae stars are old, helium-burning, mostly radially pulsating horizontal branch giants. They 

are divided into three main groups based on their pulsation mode; fundamental mode (RRab), first-

overtone (RRc), and double-mode pulsators (RRd) pulsating both in fundamental and first-overtone 

mode. The fundamental mode RR Lyrae pulsators often serve as distance and metallicity indicators 

toward old stellar systems within our Galaxy. The connection between pulsation periods, absolute 

magnitudes, and metallicities (PMZ relations) of RR Lyrae stars allows us to infer their distances 

from photometric time series, and it has been one of their most practical features. 

This paper aims to empirically calibrate the PMZ relations of RR Lyrae in dense stellar regions in 

the Milky Way by using the data from the Optical Gravitational Lensing Experiment(OGLE), the 

Vista Variables in the Vía Láctea survey(VVV), and Gaia astrometric mission, etc. The precise 

calibration of PMZ relations will allow for accurate distance determination and enable us to probe 

the structure of the Galactic bulge from the point of view of old population pulsators.



Dataset for calibration 
of the PMZ relations



Metallicity mainly sourced from Crestani et al.（2021a) and Dékány et al.(2021). The pulsation

periods were mainly from the International Variable StarIndex (VSX, Watson et al. 2006).

According to Iben & Huchra (1971) and Braga et al. (2016)，we can convert pulsation periods of 

the first-overtone (FO) pulsators into fundamental mode：

Often pulsation periods are quoted without their appropriate errors; thus, to account for possible 

minor uncertainties in P they used the following equation to approximate the uncertainties of 

pulsation periods 𝜎P :

The parallaxes 𝜛 and their uncertainties 𝜎𝜛 were obtained from the Gaia DR3 and considering the  

zero point offset from Lindegren et al.(2021) .

They also  used 2D extinction maps from Schlegel et al.(1998) to obtain E(B-V) color excesses and 

its uncertainties and re-calibrated reddening laws from Schlafly＆Finkbeiner(2011).





The intensity magnitudes were obtained from various sources and subsequently transformed into 

the OGLE and VVV passbands.

In the case of the 𝐺BP, 𝐺 and 𝐺RP-bands, they utilized the 𝐺𝑎𝑖𝑎 RR Lyrae catalog with their 

associated photometric and pulsation properties(Clementini et al.(2022)) to get the mean intensity 

magnitudes, 𝑚GBP , 𝑚𝐺 and 𝑚𝐺RP. In total, they used 240 (201 RRab and 39 RRc stars) RR Lyrae 

variables for 𝐺BP, 𝐺 and 𝐺RP-bands, respectively.

For the 𝑉-passband, their obtained photometry for RR Lyrae stars and subsequently their mean 

intensity magnitudes, 𝑚𝑉 , from the All-Sky Automated Survey for Supernovae(ASAS-SN,

Shappee et al.，2014；Jayasinghe et al.，2018). This sample contained 166 RR Lyrae stars (136 

RRab and 30 RRc pulsators).

The same match was conducted for the 𝐼-band photometry from Dékány et al.(2021) which 

yielded 128 RR Lyrae stars in total (104 RRab and 24 RRc pulsators) with mean intensity 

magnitudes 𝑚𝐼.



The mean intensity magnitudes for 𝑉 and 𝐼-passbands were obtained through Fourier decomposition 

of photometric light curves using an approach described in Petersen (1986).

The 𝜗 represents the phase function defined as:

According to Udalski et al. 2015, The 𝑉 and 𝐼-passbands from the ASAS-SN and ASAS surveys 

can be directly transformed into the OGLE photometric system：



In the case of the 𝐽 and 𝐻-bands, we used the photometry provided by the 2MASS and estimated 

mean intensity magnitudes, 𝑚𝐽 and 𝑚𝐻 , from Braga et al.(2019). Since 2MASS provides, in most 

cases, single epoch observations at different pulsation phases, we needed to correct for the 

luminosity variation during the pulsation cycle to obtain mean intensity magnitudes. For this 

purpose, they utilized near-infrared photometric templates derived by Braga et al.(2019). In the end, 

they had 115 RR Lyrae stars (97 RRab and 18 RRc variables) with mean intensity magnitudes 𝑚𝐽 

and 111 RR Lyrae stars (94 Rrab and 17 RRc variables) with mean intensity magnitudes 𝑚𝐻.

The mean intensity magnitudes in 𝐾s-band were acquired from several sources, particularly from 

studies by Layden et al.(2019) and Braga et al.(2019) . They also used the 2MASS survey,

where the same approach as in the 𝐽 and 𝐻-passbands was used to correct for the luminosity 

variations as a function of the pulsation cycle. A combination of the studies and surveys 

mentioned earlier resulted in 155 RR Lyrae stars (129 RRab and 26 RRc variables) with mean 

intensity magnitudes 𝑚𝐾s.

They used the equations from the CASU website and color terms 𝐽 − 𝐾s for individual stars to 

convert their 𝑚𝐽 , 𝑚𝐻 , and 𝑚𝐾s magnitudes into the VVV photometric system.



Calibration of the PMZ



The main goal is to improve the following PMZ relationship equations：

For each passband D consists of vectors d𝑘 that contain the following information for individual 

stars: 



They employed the following approach utilizing the Bayesian framework where the posterior 

probability is: 

For the optical 𝐺BP, 𝑉, 𝐺, and 𝐺RP bands：

Jaynes (1968)：

The marginalized likelihood 𝑝(D | 𝜽) for 𝑘 

number of stars can be written as such：

For 𝐼, 𝐽, 𝐻, and 𝐾s bands, Marconi et al. (2015)：



They employed the Markov Chain Monte Carlo Ensemble sampler implemented in the emcee 

package Foreman-Mackey et al. (2013) to maximize the posterior probability. The result is: 







Testing predicted absolute 
magnitudes and comparison 

of PMZ relations











Conclusions



This paper aims to improve the relation between the pulsation period, absolute magnitude, and metallicity

(PMZ relation) of RR Lyrae. They select RR Lyrae with fundamental mode pulsation and first overtone 

mode pulsation to accurately derive the PMZ relation of RR Lyrae in dense stellar regions in the Milky 

Way.

The calibration process utilized Gaia parallax and high-resolution metal abundance introduced by Crestani

et al. (2021b). Photometric data mainly uses relevant items with precise distance and publicly available 

photometric measurement data, including OGLE, VVV,  ASAS-SN, and 2MASS. The Bayesian method 

was used to estimate the relevant parameters and their uncertainties. Finally, they got a improved PMZ 

relation.



They also tested their derived PMZ relations. For optical 𝐺BP, near-infrared 𝐼, 𝐽, and 𝐾s passbands, the 

PMZ relations accurately estimate distance moduli to NGC 6121, NGC 5139, LMC, and SMC. In the case 

of the optical 𝐺BP and 𝐺-bands for the globular cluster NGC 6121, they detect a significant offset in the 

derived distance modulus. The offset is mainly caused by the projected reddening and mostly disappears 

when using 3D extinction maps toward NGC 6121.

In addition, they compared their 𝐾s-band PMZ relation with previously study. Their period and metallicity 

parameters match well with the overall distribution of literature values. The zero-point parameter, on the 

other hand, matches with PMZ relations based on the Gaia parallaxes. Moreover, they tested assembled 

PMZ relation to estimate the distance toward the prototype of RR Lyrae class, the RR Lyr. We found a 

good agreement between our derived distance value and distance from Gaia. They believe that their 

derived PMZ relations will be used in the forthcoming papers to examine the structure and kinematics of 

the Galactic bulge.



Thank you
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