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Chemical Evolution in the Galaxy and Stellar
Populations in Globular Clusters
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The chemical feature of stars is an indicator of its formation and evolution history.
Taking advantage of the elemental abundances, we study the influence of the radial stellar
migration in the Galactic disk on chemical evolution, and the multiple stellar populations
of asymptotic giant branch (AGB) stars in globular clusters.

Stellar radial migration has been found in the disk of the Milky Way. We modeled
the radial stellar migration in the Galactic disk with an analytical method, and added it
to a detailed Galactic chemical evolution model to study the influence of the radial stellar
migration on the chemical evolution of the Milky Way, especially on the abundance gradients.
We find that stars currently located in the solar vicinity were born in a large range of
Galactocentric radius. The radial stellar migration can scatter the stellar abundance at
a given Galactocentric radius, leading to a large dispersion around the classic simple age-
metallicity relation. After migration, the abundance gradients along the Galactic radius
would not be changed significantly by the radial stellar migration. However, the migration
can flatten the radial gradients of the mean chemical abundance of stars, and older stars
possess flatter abundance gradients than younger stars.

Globular clusters are important components of the Milky Way. Large amount of spec-
troscopic and photometric studies have shown that there are multiple stellar populations in
globular clusters, which has been accepted as a general feature of globular clusters. In this
work, with the high-resolution spectra obtained with the multi-object high-resolution fibre
spectrograph FLAMES (Fibre Large Array Multi Element Spectrograph) on the Very Large
Telescope of European Southern Observatory (ESO/VLT), we derived accurate Na abun-
dances for the AGB and RGB (Red Giant Branch) sample stars of four Galactic globular
clusters, i.e. NGC 104, NGC 2808, NGC 6121, and NGC 6809. Through the Na abundance
distributions of the four globular clusters, we find that, compared with the RGB stars, the
Na abundance of the AGB stars also show significant dispersions indicating that there are
Na-rich second-population AGB stars in all of the four clusters. A K-S test shows that the
Na abundance of the AGB and RGB stars of NGC 104, NGC 2808, and NGC 6809 can be
regarded following the same distribution, while it is not the case for NGC 6121, and this
cluster lacks the most Na-rich AGB star. Moreover, according to the Na abundance, we also
determined the numbers and fractions of first- and second-population stars in both AGB
and RGB samples of the four clusters.

In addition, we gathered from literature the Na abundances of AGB and RGB sam-
ples of another four Galactic globular clusters, i.e. NGC 5904, NGC 6205, NGC 6266, and
NGC 6752, among which we re-analyzed the spectral data of the sample of NGC 6752 with
our own method. The Na abundance distribution of their AGB and RGB samples and
the fractions of their first- and second-population stars of these eight clusters (NGC 104,
NGC 2808, NGC5904, NGC 6121, NGC 6205, NGC 6266, NGC 6752, NGC 6809) show a

18-2



60 & Bl BRI AL L EROR R 2 R T T 2 3

complex picture: some globular clusters (NGC 6752 and NGC 6266) lack the Na-rich second-
population AGB star, and in some ones (NGC 2808, NGC 5904, and NGC 6809) the AGB
stars show similar Na abundance dispersions and second-population fractions compared with
the corresponding RGB stars, while the cases of others are in between. Due to large scatters
and outliers, there are no dependencies between the AGB second-population fraction and
those globular cluster parameters.

Last but not least, we investigated the methods to classify different populations in glob-
ular clusters. By comparing the first population fractions of 17 globular clusters estimated
by the field star criterion with those in the literature derived by individual-cluster-concerned
methods, we find that the field star criterion tends to overestimate the first population frac-
tions. The population separation methods for individual globular cluster are recommended.
Caution should be paid if one wants to take field stars as a reference for the globular cluster
population identification. Further study on the interplay between field stars and globular
cluster populations is desired.
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