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Abstract. We present a brief summary of the results of a study of the effects of dynamical
evolution on the stellar mass function of multiple-population globular clusters. Theoretical
studies have predicted that the process of multiple-population cluster formation results in a
system in which second-generation (2G) stars are initially more centrally concentrated than
first-generation (1G) stars. In the study presented here, we have explored the implications of
the initial differences between the 2G and 1G structural properties for the evolution of the local
(measured at different distances from a cluster center) and global mass function. We have stud-
ied both systems in which 1G and 2G stars start with the same initial mass function (IMF) and
systems in which 1G and 2G stars have different IMF's. Finally we have explored the evolution
of the spatial mixing and found that the multiscale nature of the clusters studied leads to a
dependence of the mixing rate on the stellar mass.

Keywords. globular clusters: general, stellar dynamics, stars: luminosity function, mass
function

1. Introduction

Numerous observational studies (see e.g. Carretta et al. 2009a,b; Piotto et al. 2015;
Milone et al. 2017; Gratton this volume, and references therein) have shown that globular
star clusters host multiple stellar populations and raised many new challenging questions
concerning all the aspects of the formation history, the dynamical and chemical evolution
of these stellar systems.

According to different formation scenarios (see e.g. D’Ercole et al. 2008; Decressin et al.
2007; Bekki 2010; Bastian et al. 2013; Gieles et al. 2018; Calura et al. 2019) second-
generation (2G) stars would form more centrally concentrated in the inner regions of
the first-generation (1G) system; observational studies have indeed found evidence that
in several clusters 2G stars are more spatially concentrated than 1G stars (see e.g.
Bellini et al. 2009; Lardo et al. 2011; Simioni et al. 2016; see also Dalessandro et al.
2014; Nardiello et al. 2015 for clusters in which the initial spatial differences have been
dynamically erased and the two populations are spatially mixed).
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The initial differences in the spatial distributions of 1G and 2G stars and the formation
processes that produced them can have important implications for the evolution of the
cluster dynamical properties and its stellar content. A number of studies (see e.g. Richer
et al. 2013; Bellini et al. 2015; Cordero et al. 2017; Henault-Brunet et al. 2015; Milone
et al. 2018; Tiongco et al. 2019; Cordoni et al. 2019) have explored the implications for the
internal kinematical properties and the expected differences between the 1G and the 2G
velocity anisotropy, and between the 1G and the 2G rotational velocity. The differences
between the structural properties of 1G and 2G stars have been also shown to result in
significant differences in the evolution and survival of 1G and 2G binary stars and their
spatial distribution (see e.g. Vesperini et al. 2011; Lucatello et al. 2015; Hong et al. 2015,
2016, 2019; Dalessandro et al. 2018). Finally a number of theoretical investigations have
been devoted to the study of the evolution of the 1G and 2G structural properties and
the spatial mixing of the two populations (see e.g. Vesperini et al. 2013; Miholics, Webb
& Sills 2015).

In this contribution we briefly summarize the results of a suite of N-body simulations
(Vesperini et al. 2018) aimed at exploring the dynamical effects on the evolution of the
local and global 1G and 2G stellar mass function (MF). On the observational side the
only study of the MF of multiple populations has been carried out by Milone et al. (2012)
for NGC2808; additional studies exploring this issue for other clusters and for a broader
range of stellar masses will be necessary.

2. Results

We have explored the evolution of systems in which the 1G and the 2G have the same
initial mass function (IMF) and systems in which the 1G and the 2G have different IMF's.

Our simulations show that if the 1G and the 2G populations start with the same IMF,
the evolution of the 1G and 2G global MF is similar and both the 1G and the 2G MF
flattens to a similar extent as a result of the preferential loss of low-mass stars. As a conse-
quence of the differences between the 1G and 2G structural properties, however, the two
populations have different relaxation timescales and different rates of mass segregation;
this implies that, despite the fact that they have similar global mass function, dynamical
evolution can produce differences between the local (measured at given distances from
the cluster center) 1G and 2G MFs.

Another implication of the structural differences between the 1G and the 2G popula-
tions is that the spatial mixing rate of the two populations depends on the stellar mass.
More specifically, our simulations have revealed that low-mass stars tend to mix more
rapidly than massive stars although the difference is not very large and it will probably
be difficult to observe it.

For simulations starting with systems in which the 1G and the 2G do not have the
same IMF, our simulations show that the differences between the global 1G and the 2G
MFs are not erased by dynamical effects during most of a cluster’s evolution. Similarly
to what found in simulations starting with the same 1G and 2G IMF, we find that also
in these simulations the local 1G and 2G MFs may be significantly different; in this case
differences in the local MFs of the 1G and the 2G are due to a combination of dynamical
effects and the different global MF's.

The results of our investigation show that observational evidence of differences in the
global 1G and 2G MFs would imply differences between the IMFs of the two popula-
tions thus providing an additional important constraint on the formation of multiple
populations.

In the interpretation of differences between the local 1G and 2G MFs, on the other
hand, it is necessary to consider that these differences could be either entirely due to
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dynamical effects in systems in which the 1G and the 2G populations formed with the
same IMF (and in this case they would be an interesting manifestation of the multiscale
nature of multiple-population clusters) or might be due the joint effect of dynamics and
primordial differences in the 1G and 2G IMFs. Our simulations suggest that, in general,
large differences between local 1G and 2G MFs tend to be present in systems with
different 1G and 2G global MFs but additional simulations tailored to specifically model
individual clusters will be needed to further clarify the origin of differences between 1G
and 2G local MFs.

A more detailed and complete description of the simulations and the results obtained
are presented in Vesperini et al. (2018).
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