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Abstract. In the multiple population framework, a number of studies have been accomplished
in order to explore the behaviour of lithium with proton-capture element abundances (e.g., Na,
O, Al) in globular cluster stars. Lithium offers perhaps one of the most severe constraints on the
stellar source of internal pollution in these complex systems. Given its vulnerability, we expect
that material processed via the hot H-burning, re-cycled in the formation of the subsequent
generation(s), is free of Li. However, Nature breaks our expectations. In this contribution we
will review the current status of this field, by examining the controversial, surprising results
and implications.
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1. Introduction

A few decades of extensive and dedicated
observations have unquestionably established
that globular clusters (GCs) host multiple stel-
lar populations (MPs).

Compelling evidence collected during the
years include multiple evolutionary sequences
in their colour-magnitude diagrams (see e.g.,
Milone et al. 2017 and references therein),
along with chemical inhomogeneities as de-
picted from spectroscopic investigations (e.g.,
Carretta et al. 2009, 2018; Marino et al. 2015).

The lesson we learnt from large sample of
stars analysed in terms of their proton-capture
element content (C, N,O, Na, Mg, Al) is that
virtually all the Galactic GC stars exhibit the

so-called Na-O anti-correlation, although with
different shape and extent depending on clus-
ter’s mass and metallicity (and a combination
of both, we refer to Gratton et al. 2019 for an
updated review). This peculiar chemical pat-
tern seems to suggest that different episodes
of star formation occurred in the early stages
of GCs: a fraction of the first-generation (FG)
stars have activated in their interiors hot H
burning (via CNO cycle) providing the pro-
cessed material from which subsequent gener-
ations of stars have been forged (topical papers
in this field include Renzini 2008, D’Antona
et al. 2016, Bastian & Lardo 2018). The fun-
damental issue is that we are not able to iden-
tify the nature of intra-cluster polluters in GCs:
principal candidates contain intermediate-mass
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Fig. 1. Li abundances as a function of [Al/Fe]
for GC giants (below the bump luminosity) in
NGC 2808. The figure is taken from Gratton
et al. (2019).

AGB (IM-AGB) stars during hot-bottom burn-
ing (Ventura et al. 2001), fast-rotating mas-
sive single or binary stars (Decressin et al.
2007, de Mink et al. 2009) and super massive
stars (Denissenkov & Hartwick 2014). Lithium
grants a key diagnostics in this context. In fact,
it is expected that at CNO (and NeNa) cycle
temperatures, no Li is left (Li burns at T≈2.5
MK), so that polluting materials should have
Li ∼ 0 (under the assumption that there is no
Li production within the polluters). In this sim-
ple scenario Na-poor, O-rich stars (FG stars)
should be Li-rich (at the Spite plateau level,
in compliance with field halo stars), whereas
Na-rich, O-poor stars (second-generation, SG
stars) should be Li poor. Thus, Li and O should
be positively correlated, while Li and Na anti
(or negative) correlated.

As we will see in the following Section 2,
observations do not validate this quite simple
theoretical expectation.

Most interesting, while binary or fast-
rotating massive stars can only destroy Li,
the IM-AGB stars can also produce it via the
7Be transport mechanism (Cameron & Fowler
1971).

2. Observational evidence

Currently, simultaneous measurements for Li
and at least one element involved in p-capture
reactions are available for 11 GCs (both dwarfs

and giants below the bump), including the
very well-studied clusters like NGC 6121 (M4,
D’Orazi & Marino 2010, Mucciarelli et al.
2011), NGC 6397 (Lind et al. 2009), and pecu-
liar clusters such as e.g., 47 Tuc (Dobrovolskas
et al. 2014) and ω Centauri (Mucciarelli et al.
2018). We refer the reader to our review
(Gratton et al. 2019) for the complete list of
GCs and corresponding references.

Results indicate that in clusters like M4
(but also M12, NGC 362; D’Orazi et al. 2015)
SG stars share the same Li abundance of FG
stars: thus, the run of Li with Na/O abundances
is flat, with no positive or negative correla-
tions between these species. A very weak hint
of Li-Na anti-correlation (although the trend is
actually driven by only three stars) has been
obtained in NGC 6397 by Lind et al. (2009);
nonetheless, the majority of SG stars are sig-
nificantly enriched in Li. On the other hand, a
positive correlation between Li and O seems
to emerge from the analysis of GC dwarfs in
NGC 6752 (Shen et al. 2010), but the slope is
not 1: this confirms the presence of stars en-
riched in Li and depleted in O.

In general, all spectroscopic investigations
carried out so far converge towards the need
for Li production in all the GCs. At the time of
writing, the only stellar source capable to re-
produce such pattern are IM-AGB stars1 Very
interesting, the Li behaviour in conjunction
with p-capture elements is observed to vary
from cluster to cluster. The production seems
to be very efficient in relatively small clusters
(as M4, where the expected anti-correlations
are totally erased from the Li production within
the polluters); conversely in massive clusters
like NGC 2808 a different picture is emerg-
ing. In Fig. 1, [Al/Fe] ratios are shown as a
function of Li abundances for GC giants: the
dominant population of SG stars is still very
rich Li in lithium. However, there is an exigu-
ous number of extreme stars (labelled as E in
the figure, 18±4 % of the total GC population)
that display Li depletion at some level. For
this population we cannot conclude whether

1 It is noteworthy in this context the new study
presented at this meeting by D. Szécsi, which is fo-
cussed on the Li production in blue super-giant stars.
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Fig. 2. Differences in Li abundances between
first and intermediate second-generation stars
as a function of dilution factors for a sample of
clusters (from Gratton et al. 2019).

the polluters were massive stars or a different
sub-class (perhaps different range of mass and
metallicity) of AGB stars, for which Li produc-
tion were not effective. The outcome is that in
this GC (and in a much more extreme fashion
also in ω Centauri) not a single polluter source
is at work: independently the same conclusion
is reached from other chemical tracers (see ref-
erences in Gratton et al. 2019).

3. Discussion and concluding
remarks

By considering the observational results col-
lected so far as for Li abundances in SG stars, it
is suddenly evident a sort of conspiracy: the Li
production has to be exactly at the same level
of FG stars, in order to reproduce the flatness of
the Li distributions; the proper amount might
depends on the source of diluting material (if
this is pristine or contaminated by e.g., other
stellar source like interacting binaries compli-
cates further the picture).

In Fig. 2 we plot the difference in Li abun-
dances for FG and SG stars (only intermedi-
ate population, i.e., no extreme population) as
a function of the dilution factors (where dilu-
tion 0 means pure ejecta and dilution 1 is for
pristine material; see Carretta et al. (2018) and

references therein). The curve is the dilution
under the assumption that there is no Li pro-
duction within the polluters: as it can be seen
from the plot, this curve is systematically lower
than the observed point indicating that we need
to produce lithium within the polluters. Despite
being a quite strong constraint to disentangle
the polluter class of GC, lithium abundances
have been mostly overlooked so far because ei-
ther some polluter sources are not able to pro-
duce it, or even within the AGB scenario many
uncertainties plague the modelling (treatment
of convection, mass loss rate, nuclear reaction
rates).

We believe that no model can be consid-
ered as reliable in attempting to explain the
multiple population scenarios in GC, without
taking into account Li abundances.
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