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Abstract. Integrated optical spectra of star clusters in the Magellanic Clouds and a few Galactic
globular clusters are fitted using high-resolution spectral models for single stellar populations.
The goal is to estimate the age, metallicity and extinction of the clusters, and evaluate the
degeneracies among these parameters. Several sets of evolutionary models that were computed
with recent high-spectral-resolution stellar libraries (MILES, GRANADA, STELIB), are used
as inputs to the starlight code to perform the fits. The comparison of the results derived from
this method and previous estimates available in the literature allow us to evaluate the pros and
cons of each set of models to determine star cluster properties. In addition, we quantify the
uncertainties associated with the age, metallicity and extinction determinations resulting from
variance in the ingredients for the analysis.
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1. Introduction
Star clusters (SCs) are one of the main modes of star formation in galaxies. They are

powerful tracers of the formation and evolution history of galaxies because they retain
information about the parent galaxy. In this respect, the age, metallicity and mass of
cluster populations are key information to test different galaxy-formation scenarios.

Evolutionary synthesis models are powerful tools to infer the properties of extragalac-
tic clusters, since their integrated light is easily modelled by a single-age and single-
metallicity stellar population (SSP). For this reason, they are very useful objects to
check the capabilities and uncertainties of the stellar population models.

In this contribution, we estimate the age, metallicity and extinction of a sample of
clusters in the Magellanic Clouds (Large and Small: LMC and SMC) and Milky Way
by fitting their optical spectra. We use several sets of high-resolution spectral stellar
population models to quantify the accuracies and uncertainties associated with the age,
extinction and metallicity determinations of stellar clusters that results from variance in
the model ingredients.

2. The sample and data
The sample analysed here consists of 27 SCs from Leonardi & Rose (2003; LR03), 20 of

which belong to the LMC, three to SMC and four are Galactic globular clusters (GCs).
The spectra cover 3650–4600 Å, with a final resolution of 5.7 Å.

With respect to the literature data, we have compiled the ages and metallicities de-
rived by LR03 for the MC clusters, and for the GC the values obtained by Koleva et al.
(2008). LR03 adopted ages based on CMDs and/or derived from a secondary indica-
tor, the S parameter, based on the U − B and B − V integrated colors (calibrated
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by Girardi et al. 1995). For the clusters’ metallicities, we have taken the values from
Olszewski et al. (1991), obtained by measuring the Caii triplet in individual stars in the
SCs.

3. Set of evolutionary models and method
The stellar library is one of the most important ingredients in evolutionary synthesis

models. In the last few years, several groups have spent a lot of effort to build complete
stellar libraries at high/intermediate spectral resolution at optical wavelengths. As a
result, several sets of models are currently available for spectral synthesis (see, e.g., the
review by González Delgado 2009). Here, we have used seven versions of the most up-to-
date high-resolution spectral models. They are:
• Galaxev and STELIB: the models (Bruzual & Charlot 2003, BC03) are com-

puted with the STELIB library (Le Borgne et al. 2003), Salpeter (BC94s, BC00s) and
Chabrier (BC94c, BC00c) initial mass functions (IMFs), and the evolutionary tracks from
the Padova group, (1994 isochrones: BC94s, BC94c; 2000 isochrones: BC00s, BC00c).
STELIB contains 249 stellar spectra in the 3200–9500 Å range at a resolution of
3 Å.
• SED@ and GRANADA: the GRANADA stellar library (Martins et al. 2005)

contains 1654 synthetic spectra with a sampling of 0.3 Å, covering the range 3000–7000
Å, for a wide range of effective temperatures (3000–55000 K), gravity (−0.5 to 5.0), and
metallicity (solar, half and 0.2 solar). The library was implemented in the SED@ code
(Cerviño & Luridiana 2006) to calculate SSP models (González Delgado et al. 2005)
using the Padova 2000 isochrones and a Salpeter IMF (RG00s).
• Vazdekis and MILES: the MILES library (Sánchez–Blázquez et al. 2006) contains

a thousand stars spanning a large range of stellar parameters covering the 3500–7500 Å
range at a resolution of 2.3 Å. The library was incorporated into the code by Vazdekis
et al. (2009). They compute SSP spectra with the Padova 2000 isochrones and a Salpeter
IMF (V00s).
• Galaxev and MILES/GRANADA: these models are analogous to those in BC03.

The STELIB library was replaced by a combination of the MILES and GRANADA stellar
libraries (Charlot & Bruzual, in prep.) (CB94c).

To determine the stellar population properties for each cluster, we fit the entire ob-
served spectrum using the starlight code (Cid Fernandes et al. 2005) and the set
of models described above. The version of starlight used here provides the following
results:
• The best fit: for each of the SSP model suites, the best SSP is obtained as that

characterized by the minimum χ2 .
• Multi-population fit: the code combines several SSPs and provides for each set of a

given metallicity a population vector that represents the fractional contribution of each
SSP of a given age to the model flux at a given wavelength.
• Bayesian estimates: following the Bayes theorem, the posterior probability for age,

metallicity and extinction is given for each set of models.

4. Results and conclusions
Table 1 presents the Bayesian age, metallicity and extinction for all clusters. Figures 1

and 2 show some of the results obtained. A more extensive discussion of the quality of
the fits and a comparison with literature data is included in Cid Fernandes & González
Delgado (2009) and González Delgado & Cid Fernandes (2009).
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Table 1. The Bayesian age, metallicity and extinction for all clusters obtained with the models
by Charlot & Bruzual (2009; CB94c: columns 2–4), González Delgado et al. (2005; RG00s:
columns 6–7), Vazdekis et al. (2009; V00s: columns 8–10)

N a m e lo g ( a g e / y r ) lo g Z / Z � A V l o g ( a g e / y r ) lo g Z / Z � A V l o g ( a g e / y r ) lo g Z / Z � A V

M 4 1 1 9 .2 6±0 .0 0 −0 .6 8±0 .0 2 0 .1 7±0 .0 4 9 .1 3±0 .0 7 −0 .5 2±0 .1 7 0 .0 6±0 .0 6 9 .1 3±0 .1 0 −0 .6 8±0 .2 0 0 .4 1±0 .1 1

M 4 1 6 9 .5 3±0 .0 7 −0 .7 1±0 .1 7 0 .0 2±0 .0 8 9 .2 8±0 .0 2 −0 .3 8±0 .0 0 0 .0 1±0 .0 1 9 .9 0±0 .0 1 −1 .2 8±0 .0 0 0 .2 2±0 .0 2

M 4 1 9 9 .2 4±0 .0 8 −0 .6 4±0 .1 7 0 .1 5±0 .0 4 9 .0 6±0 .0 3 −0 .3 9±0 .0 7 0 .0 9±0 .0 4 9 .1 0±0 .0 0 −0 .6 7±0 .0 6 0 .4 6±0 .0 5

N G C 1 6 5 1 9 .4 0±0 .0 2 −0 .6 8±0 .0 3 0 .1 4±0 .0 9 9 .2 4±0 .0 4 −0 .5 0±0 .1 5 0 .0 4±0 .0 4 9 .5 8±0 .1 9 −1 .1 0±0 .3 4 0 .3 6±0 .1 9

N G C 1 7 5 4 9 .9 4±0 .0 0 −1 .6 8±0 .0 0 0 .2 9±0 .0 5 9 .2 2±0 .0 3 −0 .3 9±0 .0 6 0 .0 2±0 .0 2 9 .8 1±0 .0 3 −1 .2 8±0 .0 4 0 .0 2±0 .0 2

N G C 1 7 8 3 9 .1 1±0 .1 7 −0 .2 9±0 .3 5 0 .1 4±0 .1 3 9 .1 9±0 .0 5 −0 .4 9±0 .1 5 0 .0 3±0 .0 3 9 .2 5±0 .0 6 −0 .6 9±0 .1 3 0 .2 6±0 .1 0

N G C 1 7 9 5 9 .4 1±0 .0 4 −0 .6 8±0 .0 5 0 .1 1±0 .0 9 9 .2 5±0 .0 4 −0 .5 3±0 .1 5 0 .0 5±0 .0 5 9 .6 6±0 .1 6 −1 .2 1±0 .2 5 0 .3 8±0 .1 7

N G C 1 8 0 6 9 .3 3±0 .0 1 −0 .6 8±0 .0 0 0 .4 2±0 .0 4 9 .2 5±0 .0 2 −0 .6 5±0 .0 8 0 .1 0±0 .0 5 9 .2 6±0 .0 2 −0 .6 7±0 .0 3 0 .3 4±0 .0 8

N G C 1 8 1 8 7 .4 1±0 .0 7 + 0 .3 5±0 .1 6 0 .4 8±0 .1 9 7 .3 9±0 .0 2 −0 .3 8±0 .0 3 0 .4 5±0 .0 5 8 .0 0±0 .0 0 −1 .6 8±0 .0 0 0 .0 2±0 .0 2

N G C 1 8 3 1 8 .6 1±0 .0 7 −0 .3 8±0 .0 1 0 .1 5±0 .1 4 8 .7 5±0 .0 1 −0 .6 8±0 .0 0 0 .0 3±0 .0 3 8 .7 3±0 .0 3 −0 .4 0±0 .0 8 0 .0 3±0 .0 4

N G C 1 8 4 6 9 .3 1±0 .0 0 −0 .6 8±0 .0 1 0 .2 5±0 .0 7 9 .2 4±0 .0 3 −0 .6 5±0 .0 8 0 .0 4±0 .0 4 9 .2 3±0 .0 7 −0 .7 0±0 .1 3 0 .2 7±0 .1 2

N G C 1 8 6 6 8 .0 1±0 .0 0 + 0 .4 2±0 .0 3 0 .5 6±0 .0 4 8 .2 0±0 .0 0 0 .0 0±0 .0 0 0 .2 9±0 .0 3 8 .0 5±0 .0 3 + 0 .1 9±0 .0 7 0 .5 3±0 .0 7

N G C 1 9 7 8 9 .5 4±0 .0 2 −0 .6 8±0 .0 0 0 .1 5±0 .0 4 9 .2 9±0 .0 2 −0 .3 8±0 .0 2 0 .0 3±0 .0 3 9 .4 2±0 .1 1 −0 .6 9±0 .1 0 0 .1 1±0 .0 9

N G C 2 0 1 0 8 .0 5±0 .0 3 + 0 .4 1±0 .0 7 0 .1 3±0 .0 8 8 .2 0±0 .0 1 0 .0 0±0 .0 0 0 .0 3±0 .0 3 8 .1 4±0 .0 4 + 0 .1 4±0 .0 9 0 .0 9±0 .0 7

N G C 2 1 2 1 9 .5 7±0 .0 6 −0 .6 8±0 .0 1 0 .1 7±0 .1 0 9 .3 3±0 .0 5 −0 .4 6±0 .1 4 0 .1 1±0 .0 9 9 .9 9±0 .1 9 −1 .2 3±0 .1 7 0 .5 5±0 .1 9

N G C 2 1 3 3 8 .3 8±0 .0 3 + 0 .0 2±0 .1 0 0 .1 9±0 .1 1 8 .3 5±0 .0 1 0 .0 0±0 .0 2 0 .2 6±0 .0 5 8 .2 7±0 .0 3 + 0 .1 1±0 .1 0 0 .3 3±0 .0 9

N G C 2 1 3 4 8 .8 7±0 .2 2 −1 .9 4±0 .8 1 0 .0 6±0 .0 7 8 .3 9±0 .0 7 −0 .2 4±0 .1 8 0 .1 4±0 .1 1 8 .4 1±0 .0 8 −0 .2 9±0 .1 9 0 .0 9±0 .1 0

N G C 2 1 3 6 7 .9 0±0 .0 3 + 0 .4 1±0 .0 7 0 .6 0±0 .0 8 7 .9 5±0 .0 5 −0 .4 1±0 .1 0 0 .6 2±0 .1 0 8 .1 2±0 .1 1 −0 .4 7±0 .1 9 0 .4 0±0 .1 9

N G C 2 2 0 3 9 .3 9±0 .0 2 −0 .6 7±0 .0 4 0 .4 2±0 .0 9 9 .2 7±0 .0 4 −0 .5 5±0 .1 5 0 .1 2±0 .0 7 9 .3 5±0 .0 5 −0 .6 9±0 .0 9 0 .2 5±0 .1 0

N G C 2 2 1 0 9 .8 6±0 .0 9 −1 .6 9±0 .0 9 0 .2 0±0 .0 5 9 .2 0±0 .0 2 −0 .4 1±0 .1 0 0 .0 2±0 .0 2 9 .8 0±0 .0 0 −1 .6 8±0 .0 0 0 .1 0±0 .0 3

N G C 2 2 1 3 9 .3 7±0 .0 2 −0 .6 8±0 .0 2 0 .3 2±0 .0 6 9 .2 7±0 .0 3 −0 .6 5±0 .0 8 0 .0 4±0 .0 3 9 .3 0±0 .0 0 −0 .6 8±0 .0 1 0 .1 3±0 .0 5

N G C 2 2 1 4 7 .8 5±0 .0 1 + 0 .4 2±0 .0 0 0 .1 5±0 .0 4 7 .9 0±0 .0 1 −0 .3 8±0 .0 4 0 .1 4±0 .0 3 8 .0 4±0 .0 1 −0 .3 8±0 .0 1 0 .0 2±0 .0 2

N G C 2 2 4 9 8 .9 6±0 .0 0 −0 .6 8±0 .0 1 0 .0 1±0 .0 2 0 8 .7 9±0 .0 5 −0 .6 8±0 .0 0 0 .0 6±0 .1 4 8 .8 4±0 .0 2 −0 .6 7±0 .0 4 0 .1 5±0 .0 6

4 7 Tu c 9 .9 8±0 .0 3 −0 .3 7±0 .0 3 0 .0 2±0 .0 2 0 9 .9 0±0 .0 8 −0 .6 0±0 .1 3 0 .0 6±0 .0 6 9 .9 8±0 .0 5 −0 .3 7±0 .0 4 0 .0 2±0 .0 2

M 1 5 9 .8 5±0 .0 0 −1 .6 8±0 .0 1 0 .0 5±0 .0 3 0 9 .1 4±0 .2 7 −0 .4 1±0 .1 4 0 .0 6±0 .2 0 9 .8 0±0 .0 0 −1 .6 8±0 .0 0 0 .0 2±0 .0 2

M 7 9 9 .9 3±0 .0 2 −1 .6 8±0 .0 0 0 .0 1±0 .0 1 0 9 .2 1±0 .0 3 −0 .4 3±0 .1 1 0 .0 2±0 .0 2 9 .8 4±0 .1 1 −1 .6 8±0 .0 0 0 .0 1±0 .0 1

N G C 1 8 5 1 9 .6 1±0 .0 5 −0 .6 8±0 .0 0 0 .0 1±0 .0 1 0 9 .3 1±0 .0 2 −0 .3 8±0 .0 1 0 .0 2±0 .0 2 1 0 .2±0 .0 4 −1 .2 8±0 .0 0 0 .1 1±0 .0 4

Our main conclusions are:
• All models can be used to derive ages that are in good agreement both with each

other and with literature data, but they are slightly older than those based on the S–
CMD method (see Figure 1).
• There is less agreement between the models for metallicity and extinction. In partic-

ular, Galaxev/STELIB models underestimate the metallicity by 0.6 dex (see Figure 2),
while the extinction is overestimated by 0.1 mag.
• The age–metallicity relation for LMC clusters is well reproduced by the spectral

fitting method, except for Galaxev/STELIB models.
• Accuracies of about 0.1 dex in age and 0.3 dex in metallicity can be achieved with

the GRANADA and MILES libraries as long as the models are not extrapolated beyond
their expected range of validity.
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Figure 1. Panels a, b, c, e and f: Correlation between the age obtained with starlight and
ages in the literature derived using the S–CMD calibration. Each panel represents the result for
each set of models. Metal-poor clusters (log(Z/Z�) � −1.2) are marked with magenta circles.
The black line is the one-to-one relationship, while the dashed line is a linear fit to all points and
the solid line is a linear fit excluding the metal-poor clusters. The bottom left-hand panel shows
the deviation of the linear fit obtained for each set of models with respect to the one-to-one
relationship, expressed as the ratio between the spectral fit and the literature ages.

Figure 2. Logarithmic difference between the spectral-fit age (left) or metallicity (right) ob-
tained for each set of models and the literature values. Magenta circles mark the metal-poor
clusters (log(Z/Z�) � −1.2). Error bars mark the mean and standard deviation for each set of
models.
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