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Abstract. The origin of the chemical anomalies in star clusters is still an open question, although
much effort has been employed both from a theoretical and observational point of view. The
exploration of the dependence of such multiple stellar populations based on certain cluster
properties (e.g. mass, age, metallicity) has represented a compelling line of investigation so far.
Here I report an overview of the results obtained from our latest surveys aimed at characterising
the phenomenon of chemical variations in star clusters that are much younger with respect to the
ancient globular clusters. The fundamental question we are asking is whether these abundance
patterns are only restricted to the old massive clusters; and if not, is there a difference between
young and old objects?
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1. Introduction

All old and massive globular clusters (GCs) studied so far display star-to-star chemical
anomalies in the form of anticorrelated patterns among certain light elements. The most
famous anti-correlations of such multiple stellar populations (MPs) are the C versus N
(Cannon et al. 1998) and Na versus O (Carretta et al. 2009). MPs have been studied
in many details (photometrically, spectroscopically, kinematically), however we are still
far from understanding how they form (e.g. Bastian & Lardo 2018). A powerful line of
investigation that has been carried out so far is the exploration of the parameter space,
i.e. whether MPs appear or not based on certain properties of the clusters. Here I would
like to focus on two important properties of star clusters: their mass and age.
Chemical anomalies have been searched and found in basically all massive and ancient

GCs, in any enviroment, from the Milky Way to the Magellanic Clouds to the local dwarfs
(see the recent compilation by Krause et al. 2016 and Bastian & Lardo 2018 for a review).
However, MPs have not been found in the so-called “open” clusters, which represent less
dense, less massive objects (<∼104M�, e.g. Bragaglia et al. 2012). Hence, this led many
to consider cluster mass as the key factor deciding the appearance of chemical anomalies
in GCs. Many models trying to explain the origin of the chemical anomalies are indeed
based on how massive a cluster is, although there is still much observational evidence that
is not explained. Since most of MPs studies were performed on old clusters (>10 Gyr),
the natural question to ask is: are chemical anomalies only restricted to the ancient GCs?
While our Galaxy lacks a population of massive (>105M�) stellar clusters with ages

below ∼9−10 Gyr, our nearest galactic companions, the Large and Small Magellanic
Clouds (LMC/SMC) host such clusters. How do we classify these clusters in terms of
MPs studies? Do they share the same chemical patterns observed in the ancient globular
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clusters? Expanding the search for MPs towards different cluster ages is of extreme
importance in order to potentially obtain new constraints for the formation mechanisms
aiming at explaining the origin of chemical anomalies.

2. Results

To study MPs in young star clusters, we put together two surveys. Our Hubble Space
Telescope (HST) photometric survey is composed of 13 star clusters both in the LMC
and SMC. They are massive (> a few times 104M�) and they span a very wide range of
ages (from ∼1.5 up to ∼10 Gyr). This is combined with a spectroscopic survey, which is
composed by ESO-VLT FORS2 and XSHOOTER observations of four star clusters in the
Magellanic Clouds (MCs), spanning ages from ∼2 up to ∼8 Gyr. Three new clusters will
also be observed in September 2019 (age=1.5-2 Gyr) with FORS2. The goal of the survey
is to search for a potential dependence on the onset of multiple population on cluster age,
by looking at clusters that are as massive as the ancient GCs, but significantly younger.
Our photometric technique consists in studying the red giant branch (RGB) stars in filters
that are sensitive to N variations, as they encompass the NH molecular band (namely
the HST F336W and F343N filters). Spectroscopically, we study molecular features in
the UV and optical such as CN and CH, sensitive to N and C spreads, respectively. With
XSHOOTER we have spectra for two stars in the RGB of NGC 416, a ∼6 Gyr old cluster
in the SMC and we are currently obtaining abundances for various elements such as N,
C, Na and Mg.
Results from our ongoing surveys have been published in Niederhofer et al. (2017a,b);

Martocchia et al. (2017, 2018a,b, 2019, photometry) and in Hollyhead et al. (2017, 2018,
2019, spectroscopy). The first important result we obtained is the discovery of chemical
anomalies as N variations in intermediate age clusters, i.e. aged ∼6-7.5 Gyr, both photo-
metrically and spectroscopically. This corresponds to a redshift of formation for the MPs
of z = 0.75.
We then looked at the younger clusters. We did not find photometric evidence for MPs

in clusters that are younger than 2 Gyr (∼1.5− 1.7 Gyr). However, we finally looked at
MPs in star clusters in the age gap between 2 and 6 Gyr: two ∼2 Gyr old clusters, two
aged ∼2.5 Gyr, and a 4 Gyr old one. We found MPs in the form of N variations in all of
these clusters. We did not find evidence for chemical anomalies in Lindsay 38 though, a
∼6.5 Gyr old, but quite low mass cluster (<∼2× 104M�).

3. Implications

The main results from our surveys are shown in Figure 1, in the cluster age versus
mass diagram. We keep finding MPs in intermediate age clusters, and for the first time,
we find N variations in star clusters that are ∼2 Gyr old. This translates into a redshift of
formation z = 0.17. Thus, the first implication from our work is that chemical anomalies
in the form of N spread are not restricted only to the ancient GCs. It does not seem to be
the case for clusters that are younger than 2 Gyr, as they do not show MPs in the form
of N spreads. The reason is still under investigation. By looking at RGB stars at different
ages, we are also sampling stars with different stellar masses. RGB stars in a ∼2 Gyr old
population are less massive than 1.5M�, while they become more massive than 1.5M� for
populations younger than 2 Gyr. It would then be interesting to investigate whether this
threshold is connected to other phenomena; indeed, stars below this mass threshold can
be magnetically braked (Cardini & Cassatella 2007). Also, the extended main sequence
turnoff feature appears below this age threshold (∼2 Gyr) in star clusters, but there are
no hints of a correlation between this phenomenon and chemical anomalies to date.

https://doi.org/10.1017/S1743921319006756 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921319006756


Cluster age and MPs 331

Figure 1. Cluster mass versus cluster age diagram. The clusters from our sample are labeled.
Blue filled (red open) circles represent sources with (without) multiple populations. See the
compilation by Krause et al. 2016 and references therein. Adapted from Hollyhead et al. (2019).

Figure 2. Photometric proxy for N spread as a function of cluster age for the objects in our
HST photometric survey plus M15, 47Tuc and NGC 2419. Data are colour coded by cluster
mass. Figure adapted from Martocchia et al. (2019).

In our HST survey we also examined how the width of the RGB in the clusters varies
as a function of cluster age. This is shown in Figure 2, where age is plotted against a
quantity which is a proxy for N spread, from UV photometry. This Figure is adapted
from Martocchia et al. (2019). A correlation between age and N spread is clearly visible,
although there is a dependence on cluster mass as well. However, if we observe the 6–8 Gyr
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old clusters, they have a photometric spread around ∼0.09, while the younger clusters
have a spread that is around ∼0.05. Hence, we observe that older clusters show larger
abundance spreads compared to the younger clusters.
To conclude, in our surveys we started to characterise the young star clusters that

we observe in the MCs, to gain new insights into the origin of the chemical variations
in GCs. We observe chemical anomalies in the form of N spread in clusters older than
∼2 Gyr and we also observe that N variations increase as a function of cluster age. Future
steps definitely involve more exploration of the parameter space of cluster properties, but
most importantly, they involve the full chemical characterisation of young star clusters,
as so far we have explored only N variations (and He to a certain extent, Chantereau
et al. 2019; Lagioia et al. 2019).
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