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ABSTRACT

We present new distance determinations to the nearby globular M4 (NGC 6121) based on accurate optical and
near-infrared (NIR) mean magnitudes for fundamental (FU) and �rst overtone (FO) RR Lyrae variables (RRLs),
and new empirical optical and NIR period–luminosity (PL) and period–Wesenheit (PW) relations. We have found
that optical–NIR and NIR PL and PW relations are affected by smaller standard deviations than optical relations.
The difference is the consequence of a steady decrease in the intrinsic spread of cluster RRL apparent magnitudes
at �xed period as longer wavelengths are considered. The weighted mean visual apparent magnitude of 44 cluster
RRLs is�V � = 13.329± 0.001 (standard error of the mean)± 0.177 (weighted standard deviation) mag. Distances
were estimated using RR Lyr itself to �x the zero-point of the empirical PL and PW relations. Using the entire
sample (FU+FO) we found weighted mean true distance moduli of 11.35± 0.03± 0.05 mag and 11.32± 0.02±
0.07 mag. Distances were also evaluated using predicted metallicity dependent PLZ and PWZ relations. We found
weighted mean true distance moduli of 11.283± 0.010± 0.018 mag (NIR PLZ) and 11.272± 0.005± 0.019 mag
(optical–NIR and NIR PWZ). The above weighted mean true distance moduli agree within 1� . The same result is
found from distances based on PWZ relations in which the color index is independent of the adopted magnitude
(11.272± 0.004± 0.013 mag). These distances agree quite well with the geometric distance provided by Kaluzny
et al. based on three eclipsing binaries. The available evidence indicates that this approach can provide distances to
globulars hosting RRLs with a precision better than 2%–3%.
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stars: variables: RR Lyrae

1. INTRODUCTION

Globular clusters (GCs) have played a crucial role in
modern astrophysics. They are fundamental laboratories not
only for stellar evolution (Denissenkov & VandenBerg2003;
Pietrinferni et al. 2006; Dotter et al. 2007; VandenBerg
et al. 2012; Pietrinferni et al.2013) and stellar dynamics
(Kouwenhoven et al.2010), but also for constraining models
of Galaxy formation and evolution (Zoccali et al.2000; Maŕ�n-
Franch et al.2009; Valenti et al.2011; Leaman et al.2013;
Johnson et al.2013) and primordial abundances (Zoccali et al.
2003; Salaris et al.2004; Troisi et al.2011).

It is not surprising that the astronomical community has
carried out an enormous theoretical and observational effort to
properly constrain their structural parameters (Casetti-Dinescu
et al. 2013; Di Cecco et al.2013) and intrinsic properties
(Gratton et al.2004; Bono et al.2010b; Milone et al.2013).

Dating back to the seminal investigations by Zinn (1980)
and Zinn & West (1984) and to the more recent analysis of
iron (Kraft & Ivans 2003; Carretta et al.2009) and� -element
abundances we have solid estimates of the metallicity scale in
Galactic globulars. The same is true for the abundances ofs-
andr-process elements (Roederer et al.2011; Lardo et al.2013)
and of lithium (Spite et al.2012).

During the last few years we have also acquired a wealth of
new information on the kinematic properties of halo and bulge
Galactic globulars (Casetti-Dinescu et al.2007, 2013; Vieira
et al.2007; Poleski et al.2013). Detailed numerical simulations
have also been provided for the survival rate of globulars after
multiple bulge and disk crossings (Capuzzo & Miocchi2008).

The estimation of both absolute and relative ages of Galactic
globulars has been at the crossroads of several detailed inves-
tigations (Buonanno et al.1998; Stetson et al.1999; Zoccali
et al. 2003; Richer et al.2004; De Angeli et al.2005; Richer
et al. 2013). The recent survey based on photometry with the
Advanced Camera for Surveys on board theHubble Space
Telescope(HST) has been applied to large samples of Galac-
tic globulars. They range from homogeneous relative ages for
nine GCs by Sarajedini et al. (2007) to 64 GCs by Maŕ�n-Franch
et al. (2009), to 6 GCs by Dotter et al. (2011), and to 55 GCs of
VandenBerg et al. (2013).

The scenario outlined above indicates that we are dealing
with precise and homogeneous investigations concerning age
and metallicity distributions and the kinematics of Galactic
globulars. However, we still lack a homogeneous distance scale
for GCs. The reasons are manifold.

1. The primary distance indicators adopted to estimate abso-
lute distances of GCs can only be applied to subsamples.
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