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Abstract. Milky Way globular clusters are excellent laboratories for de-
tailed analyses of stellar populations and which can be applied to extra-
galactic environments. We use our GlObular clusTer Homogeneous Abun-
dance Measurement (GOTHAM) survey to show how much the chemical
abundances of globular cluster stars differ from field stars, open clusters,
and extragalactic star clusters. In particular, we show how [α/Fe] affects
the calibration of the calcium triplet to metallicity according to the chem-
ical evolution history of the host galaxy (Vasquez et al. in prep.), and we
conclude that there is no universal calibration for the calcium triplet index.
We apply full spectrum fitting techniques using synthetic and empirical
stellar spectral libraries. This method is intrinsically reddening-free and
efficient even for faint stars and low-resolution spectroscopy, and we use it
to derive radial velocity, Teff , log(g), [Fe/H], [Mg/Fe], and [α/Fe]. We ob-
tained results for [Fe/H] that were within 0.08 dex of the results from high-
resolution spectroscopy (Dias et al. 2015, 2016), with an improvement for
the metal-rich regime, which makes our results establish a new metallicity
scale for Galactic globular clusters. Our technique is fully suitable for ob-
serving extragalactic globular cluster stars with 40m-class telescopes like
the E-ELT.
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1. Introduction

There are two ways to study galaxy formation and evolution. One is to observe a large
number of galaxies at different redshifts, and the other is to observe only a few nearby
galaxies, but in very much detail throughout their whole history. Globular clusters
in the Milky Way provide targets to follow-up the second method, as their ages can
be ordered chronologically so as to tell the history of the Milky Way formation and
early evolution (Dias et al. 2016b). We describe how the chemical contents of these
clusters are so ordered. As part of the GOTHAM survey, we have observed to date
a representative sample of one third of the catalogued Milky Way globular clusters,
evenly distributed among the different components of our Galaxy (see Fig. 1). We
observed spectra of red-giant branch stars using FORS2 at the Very Large Telescope
(VLT, ESO).

Our survey has two branches, each focused on a specific spectral region: visible
(456–586 nm) and near infrared (773–948 nm). The visible spectra are used to derive
Teff , log(g), [Fe/H], [Mg/Fe] and [α/Fe]; the infrared spectra are used to derive accu-
rate radial velocities, and also equivalent widths of the Ca ii triplet lines that we deem
to be proxies for metallicity.

2. Full spectrum fitting using stellar spectral libraries

Each atmospheric parameter has a different signature if all information from the spec-
trum is considered. This is not the case if only some strong features are used, in which
case there would be degeneracy between Teff-[Fe/H] or log(g)-[α/Fe], as shown in
Fig. 2. Full spectrum fitting using a combination of an empirical (MILES, Sánchez-
Blázquez et al. 2006) and a synthetic (Coelho et al. 2005) library of stellar spectra
was the best way we found to derive the atmospheric parameters. In fact, our results
for metallicities agreed to within 0.08 dex of those derived from high-resolution spec-
troscopy (see Dias et al. 2015, 2016a for details) for the entire range from –2.5 to
0.0 dex. We improved the metal-rich regime and defined a new metallicity scale for
globular clusters.

3. Calibration of CaT

We adopted the Ca ii triplet lines as proxies for metallicity, after making corrections
for gravity effects, so they therefore need to be calibrated. We show in Fig. 3 that
the GOTHAM survey provides both the reference [Fe/H] with good confidence, and
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Figure 1. Sky distribution of all Milky Way globular clusters observed by GOTHAM so far.
The coloured letters indicate the Galactic component to which they belong: (B)ulge, (D)isc,
(I)nner halo, and (O)uter halo. See details in Dias et al. (2016a) from where this figure was
adapted.
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Figure 2. Variations of spectral features in terms of stellar parameters. The reference spectrum
in black is a star with Teff=4500K, log(g)=2.0, [Fe/H]=–1.0 and [α/Fe]=0.2. The spectra in
colour represent variations in one parameter at a time, keeping the others fixed. All spectra
were interpolated and convolved from the normalised spectral library of Coelho et al. (2005).

also the equivalent widths of Ca ii. Our new scale is compatible with others based on
globular clusters, but differs from those suitable for dwarf galaxies and open clusters.
The important point to notice is that each of those populations has a unique chemical
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evolution which should affect the calcium abundances [Ca/Fe] and the calibration
<W’>–[Fe/H].
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Figure 3. Calibration of Ca ii triplet equivalent widths versus metallicity, both from GOTHAM
survey. The data points are compared with calibration curves from other references defined for
dwarf galaxies, open clusters, and globular clusters; each is different. Residuals from all the
curves are presented in the panels to the right. This plot was adapted from Vasquez et al. (in
prep., V16); the reference codes are as follows: D16, Dias et al. (2016a); S12, Saviane et al.
(2012); R97, Rutledge et al. (1997); V15, Vásquez et al. (2015); DC16, Da Costa (2016).

4. Conclusions

We proved a good strategy to observe a large sample of globular clusters which
lead to a new metallicity scale for -2.5<[Fe/H]<0.0. The metallicities based on low-
resolution spectroscopy were in good agreement with high-resolution results because
the stellar spectral libraries had been built using inputs from high-resolution spec-
troscopy. We can therefore conclude that, with a few high-resolution spectra to cali-
brate the libraries, we are able to derive accurate atmospheric parameters for a much
larger sample of stars. We also showed that the popular index derived from the Ca ii
triplet can only be used for globular clusters if the scale is defined for globular clus-
ters. These results are a solid base for future extragalactic studies in the ELT era.
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