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ABSTRACT

Known sources of lithium (Li) in the universe include the big bang, novae, asymptotic giant branch

stars, and cosmic ray spallation. During their longer-lived evolutionary phases, stars are not expected
to add to the Li budget of the Galaxy, but to largely deplete it. In this context, recent analyses of Li
data from GALAH and LAMOST for field red clump (RC) stars have concluded that there is the need

for a new production channel of Li, ubiquitous among low-mass stars, and that would be triggered
on the upper red giant branch (RGB) or at helium ignition. This is distinct from the “Li-rich giant”
problem and reflects bulk RC star properties. We provide an analysis of the GALAH Li data that
accounts for the distribution of progenitor masses of field RC stars observed today. Such progenitors

are different than today’s field RGB stars. Using standard post main-sequence stellar evolution, we
show that the distribution of Li among field RC giants as observed by GALAH is consistent with
standard model predictions, and does not require new Li production mechanisms. Our model predicts

a large fraction of very low Li abundances from low mass progenitors, with higher abundances from
higher mass ones. Moreover, there should be a large number of upper limits for RC giants, and higher
abundances should correspond to higher masses. The most recent GALAH data indeed confirm the
presence of large numbers of upper limits, and a much lower mean Li abundance in RC stars, in

concordance with our interpretation.

Keywords: late stellar evolution — red clump — red giant branch — Lithium-rich stars

1. INTRODUCTION

Lithium (Li) is a particularly important chemical ele-
ment for astrophysics, with an impact on problems rang-
ing from the early universe to the assembly of planetary
systems recently formed around young stars. The 7Li

isotope is one of the few species created during big bang
nucleosynthesis (BBN), and it burns in stellar interi-
ors via proton capture at relatively low temperatures.
Because of its fragility, stars with outer convective en-
velopes easily deplete any Li on their surfaces, making
it a useful thermometer of the physical conditions that
set the controls for the heart of the Sun and the stars.
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Besides BBN, other known astrophysical sources of
Li synthesis include asymptotic giant branch stars
(Cameron & Fowler 1971; Sackmann & Boothroyd
1992), novae (Vigroux & Arnould 1979; Tajitsu et al.
2015; Izzo et al. 2015) and cosmic ray spallation (Reeves
et al. 1970; Olive & Schramm 1992). During their

longer-lived evolutionary phases, stars in general are not
expected to add to the Li budget of the Galaxy, but to
largely deplete it.

Large spectroscopic surveys are now providing de-
tailed abundance patterns for hundreds of thousands of
stars. GALAH (Buder et al. 2018) and LAMOST (Cui
et al. 2012), among others, include Li data, and some
recent works include Smiljanic et al. (2018); Casey et
al. (2019); Gao et al. (2019, 2021); and Martell et al.
(2021). In this paper we focus on GALAH Li data for

evolved stars.
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Interpreting Li data is not straightforward. There is a
large literature on Li abundances in stars; for example,
see Sestito & Randich (2005) for a discussion in the open
cluster context, and Aguilera-Gómez et al. (2018) for a
recent analysis of field stars. The known observational
pattern is complex, but it is useful to summarize the
main expectations for evolved stars (see Pinsonneault
1997 for a more detailed discussion).

Solar-type and lower mass stars can destroy a signif-
icant amount of Li during the pre-main sequence (Iben
1965); this depletion may be modified by the structural
effects of star spots and magnetic fields (Somers & Pin-
sonneault 2016). Stars also experience main sequence
(MS) depletion (e.g., Sestito & Randich 2005); this de-
pletion depends on mass, composition, and age, and
there is a dispersion in depletion even between open
cluster stars with the same mass. The latter provides
strong evidence for rotationally induced mixing as an
explanation for Li depletion, as stars that are born with

different rotation rates mix at different rates (Pinson-
neault et al. 1989).

There is a Li dip, located at the transition from ra-
diative to convective envelopes on the MS (Boesgaard &

Tripicco 1986); stars in this domain almost completely
destroy Li on the MS, and this phenomenon is clearly
seen in GALAH data (Gao et al. 2020). Li is difficult

to measure in upper MS stars, but there is some evi-
dence for dispersion and MS destruction from observa-
tions of red clump (RC) stars in young open clusters

(Gilroy 1989). Once stars leave the MS, they develop
deep convective envelopes and dilute their Li content.
Li on the red giant branch (RGB) can further be re-
duced by extra mixing on the upper RGB (e.g., Shetrone

et al. 2019); mass transfer can induce severe Li depletion
(Ryan et al. 2001); and under some rare circumstances,
Li can be produced in evolved stars (Cameron & Fowler

1971; Sackmann & Boothroyd 1992).
In this context, a recent work by Kumar et al. (2020)

claimed the discovery of evidence for a new source of Li
production that would be ubiquitous to low-mass stars
and which would be associated to some event occur-
ring somewhere in between the tip of the RGB and the
subsequent helium (He) burning phase. Possibilities for
the underlying mechanism behind the new production
channel have since been proposed (e.g., Schwab 2020;
Mori et al. 2021). Along similar lines, an independent

analysis of field giants with Li data from LAMOST and
stellar masses from Kepler and K2 also argued for evi-
dence of Li production during the helium flash (Zhang
et al. 2021).

In GALAH data, the Li abundances observed among
core He-burning, or RC stars are higher than those ob-

served in shell hydrogen(H)-burning, upper RGB stars.
However, as noted above, Li is subject to strong mass
and composition dependent destruction mechanisms.
Selection effects are therefore a serious concern, and, in
order to use the relative RC and RGB Li abundances as
evidence for production, it would be necessary to estab-
lish that the distribution of Li detections is representa-
tive of the underlying population, and that the RC stars
are the evolutionary successors of the RGB stars.

In this work we demonstrate that such population ef-
fects are important for interpreting Li data, and that
non-detections are a serious concern. We conclude that
the case for universal Li production has not been es-
tablished, and that further analysis, especially includ-
ing the large cohort with upper limits, is required. The
GALAH RC giants are part of a field population, and,
unlike the giants in a stellar cluster, span a wide range

of stellar mass and composition. This is crucial for the
subject at hand because low mass stars experience much
more severe MS depletion than high mass stars. The

same happens on the RGB, where low-mass stars deplete
Li much more efficiently than stars just slightly more
massive. When comparing field populations, it is there-
fore of paramount importance to ensure that differences

in the underlying mass distributions are accounted for.
This complication is avoided if looking at stellar clus-
ters, and indeed a recent analysis of cluster data from

the Gaia-ESO survey cannot confirm any universal Li
production event between the upper RGB and the RC
(Magrini et al. 2021).

Specifically, in a field population such as that of
GALAH, red giants and clump giants do not come from
the same MS progenitors. Clump giants are a younger
population than red giants, because the lifetime of the

RC is much less mass dependent than the lifetime of the
RGB. And since stars of different mass experience dif-
ferent amounts of Li depletion during the MS (as well

as during post-MS), then also the initial conditions of
Li content at the end of the MS were not the same for
the RGB and RC field populations observed today.

A second conclusion reported in Kumar et al. (2020),
but which will not be further addressed in the present
work, is that the widely used threshold of Li abundance,
A(Li) = 12. + log(NLi/NH) = 1.5 dex, above which gi-
ants have been historically classified as Li-rich should be
revised downward. In reality, as results of the present
work will also serve to show, that threshold is depen-
dent on stellar mass, as was first reported by Aguilera-
Gómez et al. (2016b,a), based on a study of Li enrich-
ment in RGB stars arising from the engulfment of sub-
stellar companions.
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Figure 1. The distributions of stellar mass, age, and metallicity for field RGB and RC stars (blue and red, respectively) in the
Kepler field as determined by APOKASC. As a population, field RC stars are somewhat younger and more massive than field
RGB stars. See text for details and discussion.

This paper is organized as follows. In Section 2 we
discuss the properties of the GALAH populations of red
giants and clump giants, where we assume that they
can be well represented by the corresponding popula-
tions in the Kepler field as characterized by the Second
APOKASC Catalog (Pinsonneault et al. 2018). This al-

lows us to take advantage of the availability of seismic
mass and age determinations, for RGB and RC stars.

In Section 3 we describe and discuss the results of

our model for simulating the Li content of the Ke-
pler/GALAH clump giants, starting from adequate ini-
tial conditions, and in Section 4 we summarize our re-
sults and conclusions.

2. CLUMP GIANTS IN GALAH AND KEPLER

In order to best quantify the differences between the
field populations of RGB and RC stars in general, it
would be convenient to rely on stars with seismic char-

acterization. Unfortunately, the Kepler field is not in
the same hemisphere as the GALAH footprint, and the
overlap between GALAH and K2 is small. Our analy-

sis (Section 3) will therefore combine seismic masses for
stars in the Kepler field with Li abundances obtained
for stars towards another (large) region of the Galaxy,
effectively ignoring known differences between the stel-
lar mass distributions of the two samples, which most
likely arise from Galactic structure (e.g., Miglio et al.
2013; Sharma et al. 2016). In particular, populations in
the Kepler field are dominated by the thin disk; but the
field was chosen to avoid the disk mid-plane, and stars
below 1 Gyr are under-represented. We briefly discuss
some potential consequences in the conclusions (§ 4).

We take advantage of the Second APOKASC Catalog
(Pinsonneault et al. 2018), which provides reliably deter-
mined evolutionary states, surface gravities, mean densi-

ties, masses, radii, and ages for more than 6,000 evolved
stars. Figure 1 shows the mass, age and metallicity dis-
tributions of RGB and RC stars in APOKASC2. From
the full sample in Pinsonneault et al. (2018) we removed

stars with low quality seismic solutions or ambiguous
evolutionary states. High age estimates (i.e., older than
the age of the universe), and their corresponding low
stellar mass estimates (i.e., lower mass than that capa-
ble of evolving off the MS in a Hubble time, which we
approximate as ∼ 0.8 M�), either reflect random errors
from lower true ages/higher true masses, or arise from

stars that experienced binary interactions. We have re-
tained these so as to avoid biasing the mean properties
that we are interested in identifying, so they appear in

Figures 1 and 2, but have been removed from the final
results in Figure 4.

The two mass distributions peak above 1 M�, at 1.21

and 1.32 M�, respectively. Similar masses were re-
ported by Kumar et al. (2020) for the GALAH clump gi-
ants. However, the RC distribution appears significantly
skewed towards higher masses, while the RGB distribu-

tion much less so. This suggests that the RC population
must be composed, in general, of stars younger than an
old RGB star of 1 M� (the model chosen by Kumar

et al. 2020 for their comparison to the GALAH clump
giants). Examining the middle panel of Figure 1, one
can see that indeed this is the case, with the age dis-

tribution of RC stars in APOKASC being ∼ 2 − 3 Gyr
younger than that of RGB stars.

Given the severe known mass sensitivity of Li deple-
tion, even 0.1 M� offsets can be a major concern. In ad-
dition, we expect very different Li depletion/destruction
properties for high and low mass stars. The fraction
above 1.5 solar masses is 14% for the RGB and 38% for

the RC. Given the strongly peaked RGB mass distribu-
tion, even these estimates are likely to be conservative:
the lifetime on the RGB for massive stars is much less
than that for low mass stars, and, as the latter are more
numerous, the underlying population is skewed. There-
fore, many of the high mass estimates for RGB stars are
likely to arise from random errors in ordinary low mass
giants.
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A potential additional concern is that today’s RGB
population and the RGB progenitors of today’s RC pop-
ulation have different metallicity distributions as well,
and extra mixing on the RGB is known to be metallicity-
dependent (Shetrone et al. 2019). However, the right-
most panel of Figure 1 shows that the distributions
of the two populations are basically indistinguishable
above [Fe/H] > −1 (although we don’t show it, the
lowest-mass RGB stars are found at the lower metallic-
ities, some of which are likely associated with the halo).
Therefore, while metallicity-dependent mixing may im-
pact Li depletion, it would operate similarly in both
RGB and RC populations (i.e., in the RGB progenitors
of the latter), and should not be expected to contribute
to selection effects in observed Li abundances.

A key aspect in the Kumar et al. (2020) analysis is the
selection of the sample of RC giants. These are selected
directly from the Hertzprung-Russell (HR) diagram, re-
stricting the analysis to stars less massive than 2 M�.

Stellar masses are estimated from the relation

log(M/M�) = log(L/L�)+4 log(T�
eff/Teff)+log(g/g�),

(1)
where the luminosities are taken from Gaia DR2 (Gaia

Collaboration et al. 2018), effective temperatures (Teff)
and surface gravities are from GALAH DR2, and T�

eff =
5, 777 K and log g� = 4.44 are the adopted solar pa-
rameters. Finally, using asteroseismic parameters taken

from the literature for a fraction of their RC sample,
Kumar et al. (2020) estimate a contamination from first
ascent RGB stars of ∼ 10%.

In Figure 2 we compare the stellar masses as computed
by Kumar et al. (2020) from Equation 1, against aster-
oseismic determinations, always for the RGB and RC

populations in the Kepler field. While there is a scat-
ter of ∼ 0.3 − 0.4 M� throughout, in both cases there
is a relatively decent one-to-one correspondence between
both mass determinations, with possibly a small system-
atic in the sense of slightly larger values for the seismic
masses. However, more relevant to our discussion is the
fact that, as the lower panel of Figure 2 shows, a se-
lection of RC giants less massive than 2 M� based on
a stellar mass computed from the formula in Equation
1 leads to the inclusion of a non-negligible fraction of
stars that are actually more massive than 2 M�. That
is, when Kumar et al. (2020) attempt to cut their RC
sample at 2 M�, what really happens is that stars as
massive as 2.5-3 M� creep into the sample. As we show

in the next section, for clump giants as massive as these,
it is perfectly natural to expect Li abundances as ob-
served in the GALAH data, which cannot be compared
to what is expected for an old red giant of 1 M�.
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Figure 2. Comparison between stellar masses determined
by stellar parameters (Equation 1) and masses determined
from asteroseismic measurements, for the APOKASC sam-
ples of red and clump giants. It can be seen that, for the RC
sample, selection of stars less massive than 2.0 M� follow-
ing the mass determination via stellar parameters results in
including a number of RC giants with seismic masses up to
2.5 M� and beyond.

3. STANDARD MODEL PREDICTION FOR THE LI

CONTENT OF FIELD CLUMP GIANTS

In order to predict the Li abundances of a given pop-
ulation of RC stars we need three ingredients: (1) the

stellar mass distribution of the progenitors of the RC
stars, (2) initial conditions for the Li content on the MS
as a function of stellar mass, and (3) a stellar evolution
model. The latter is then used to forward model the
Li initial conditions up to the RGB tip, following the
stellar mass distribution assumed for the progenitors.
Given that the main goal of this work is to determine
whether new physics is needed regarding the behavior of
Li in low-mass giants (i.e., whether there is any need or
not for new, unknown Li production/destruction mech-
anisms), we assume that the Li abundance computed
at the RGB tip is the same as that on the horizontal
branch. Comparison to the observational data will then
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Figure 3. Post main sequence depletion of lithium as a
function of stellar mass, for standard evolutionary models
(i.e., mixing only due to convection) with solar metallicity.
Note the largely different depletion factors between stars of
1 and 2 M�, of about 7 and 2 dex, respectively.

decide whether this assumption needs to be revised or
not.

The only stellar interiors ingredient that determines
the outcome of this exercise is the ability of a star of a
given mass to deplete Li during their post-MS evolution,
so we discuss our stellar models first.

For a given MS progenitor mass and an initial Li abun-
dance, we use standard stellar models constructed with
the Yale Rotating Evolutionary Code (YREC; Pinson-

neault et al. 1989; Demarque et al. 2008) to compute
the depletion of Li from the MS turnoff until the tip of
the RGB. We stress that we use standard stellar models,

i.e., with no extra- nor thermohaline mixing, and where
the only mixing agent is convection.

We will assume, for simplicity, solar metallicity for all
the stars in our models. This assumption is justified by
two reasons. First, the distribution of metallicities of
field RC stars in APOKASC peaks at solar metallicity,
as shown in the right-most panel of Figure 1. Possibly
more relevant, the stars analized by Kumar et al. (2020)
also have a metallicity distribution that peaks almost at
solar metallicity (−0.1 dex). Second, the main point of
our exercise is to quantify the impact of mass on the
predicted stellar Li depletion. A full simulation would
account for chemical evolution, and both the mass and
metallicity dependence of Li depletion. This would re-

quire a complete simulation of the relevant field popu-
lations, a drastic increase in scope. However, as we will
see below, the mass effects alone are dramatic enough
to drastically impact the interpretation of Li data.

In Figure 3 we show the amount of Li depleted by
our models as a function of stellar mass. This will be a

good approximation for both standard models and ones
with rotationally induced mixing. Two effects in ro-
tating models that could affect the picture of Li evo-
lution shown in Figure 3 are: 1) increasing the surface
Li by mixing up previously gravitationally-settled Li;
and 2) destroying additional Li as more Li is mixed to
hot enough temperatures for Li destruction. Regarding
the first effect, data from star clusters indicate that, at
least for the Li dip, there is no such dredge-up of a sub-
surface reservoir (Balachandran 1995). Lithium on the
MS therefore is largely destroyed, rather than simply be-
ing hidden below the surface by gravitational settling.
To the extent that the true Li content for field MS stars
is higher than their surface abundances would indicate,
then we will be under-estimating the true Li abundances
in evolved stars, so our approach is conservative.

For our initial conditions on Li abundance on the MS,
we go to the same source as Kumar et al. (2020) and
use data from GALAH DR2 to set the distribution of
abundances for stars leaving the MS. Note that Li mea-

surements in GALAH DR2 are not flagged as either de-
tections or upper limits, even though it is to be expected
that a fraction of those measurements are formally up-

per limits. The Third Data Release (DR3) of GALAH
(Buder et al. 2021) flags upper limits, but we chose to
stay with the unflagged DR2 measurements because us-
ing the more complete characterization of the Li data

from DR3 would amount to an important difference with
respect to the analysis of Kumar et al. (2020), hence po-
tentially diluting one of the main points of the present

work, which is about the properties of the field popula-
tion.

We need to restrict ourselves to the mass range of

MS stars that are young enough to reach the RC and
RGB, and old enough to be close to the end of their
MS lifetime. We therefore restrict our sample to stars
with log g > 4, and errors in A(Li) smaller than 0.04
dex, which we deem as a secure limit for good mea-
surements based on the inspection of the distribution of
the overall GALAH DR2 Li data. The run of Li initial
conditions on the MS as a function of stellar mass is
shown as gray dots in all the left hand panels of Fig-
ure 4 (ABCD-1). These are the actual GALAH DR2
data for stars with log g > 4 and small errors, as men-
tioned above. At any given mass, there is a distribution
of possible Li abundances on the MS, which we will ac-
count for in our model predictions by directly taking

real Li measurements from these mass-dependent dis-
tributions. Another useful sample for obtaining initial
conditions for Li on the MS is that of Aguilera-Gómez
et al. (2018), shown in blue in the right-hand panels of
Figure 4 (ABCD-2), but we use this sample only as a
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background to show the run of initial conditions of our
experiments below. Our luminosities are taken directly
from Gaia DR2, which reports estimates of stellar pa-
rameters, extinction, reddening, and luminosities from
the Apsis data processing pipeline (Andrae et al. 2018).

Note that stars from GALAH, which we use to obtain
initial conditions for our simulations, are not all located
in the MS turnoff, and include stars in earlier MS stages
than the turnoff. The use of this sample directly would
not account for possible MS depletion and would overes-
timate the Li in the simulated stars. We account for this
by using additional cluster data to estimate the maxi-
mum Li expected for stars of different masses after they
experience depletion. We consider as a reference data for
M67 (Pace et al. 2012) and NGC 6819 (Deliyannis et al.
2019), with ∼ 4 and ∼ 2 Gyr, respectively, included
in Figure 4. We treat these as Li upper envelopes to
our turnoff distribution, i.e., we reject any draw in our
experiments above these values, lowering the Li abun-

dance for masses in and below the Li-dip, but preserving
Li of stars of higher mass that do not experience signif-
icant Li depletion. Notice also that the descendants of
these higher mass stars are more common in the clump

(Figure 1), which would explain why they have high Li
relative to what we expect from lower-mass stars. Then,
our recipe for initial Li distribution in the RGB uses the

GALAH dataset with additional conditions from these
clusters to account for MS depletion: if M/M� < 1.3:
reject draws with A(Li)> 2.5; if 1.3 < M/M� < 1.4: re-

ject draws with A(Li)> 2.0; and if M/M� > 1.4: allow
all draws. In practice, our experiments show that there
are enough progenitors of field RC stars with M > 2 M�
that the above recipe has little effect on the final result.

We perform four experiments, using four different sets
of assumptions. Our whole exercise is to simply take a
given run of initial conditions of Li content as a function

of stellar mass, and predict the distribution of Li among
RC stars using evolutionary models. The four cases are
illustrated on four corresponding pairs of panels in Fig-
ure 4, labeled A through D. The left-hand panels (A1
through D1) show (in green) the selection of initial con-
ditions of each experiment, i.e., the distribution of pro-
genitor stellar masses and their starting Li abundances
at the MS turnoff. The right-hand panels (A2 through
D2) show the result of each experiment, i.e., the initial
(green, blue) and final (red) distributions of Li abun-

dances, at the luminosity of the MS turnoff and the RC,
respectively. The two vertical lines indicate the range of
Li abundances of the bulk of the RC stars as measured
by GALAH. That is, one can consider that predictions
are successful insofar as enough red points fall between
these lines.
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Figure 4. Initial conditions (ABCD-1) and results (ABCD-
2) of our simulations, for the four experiments discussed in
this paper. Cases A and B illustrate the situation when a
single stellar mass is adopted for the progenitors of field RC
stars (green arrows aid in signaling location of progenitors
for these two cases), while cases C and D adopt more realis-
tic distributions of initial conditions for the RC progenitors,
without and with mass loss, respectively. LEFT: Abun-
dances of Li on the MS as a function of stellar mass, used
as initial conditions for our simulations. In gray, GALAH
Li measurements for stars with log g > 4 and errors smaller
than 0.04 dex. Data for stars in M67 (∼ 4 Gyr) and NGC
6819 (∼ 2 Gyr) are shown in black and magenta, respec-
tively, and are used in order to avoid initial Li abundances
that would be appropriate for very young stars or the region
of the Li dip (see text). In green, the randomly selected ini-
tial conditions for each simulation, which correspond to real
stars in GALAH DR2, as described in the text. RIGHT: In
red, the predicted Li abundances for field RC stars for the
corresponding simulation. The vertical lines indicated the
location of the bulk of the RC stars observed by GALAH.
Green points are the same as in the left panels, and blue
point are the Li data from Aguilera-Gómez et al. (2018) for
MS stars, used here just as background upon which to see
how the (green) initial conditions change between our exper-
iments.
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First, if we assume that the RC population can be
well represented by progenitor stars of 1 M� (A1), the
resulting Li abundances would be all very low, very far
from the observed levels, as shown in panel A2 in Fig-
ure 4. This is what led Kumar et al. (2020) to announce
the discovery of Li production common to all low-mass
stars. In order to illustrate how critical the adopted
mass of the progenitors is for this problem, in panels
B1-B2 of Figure 4 we run our simulation assuming that
the RC progenitors are all of 1.3 M� instead, i.e., just
0.3 M� more massive than adopted by Kumar et al.
(2020). As can be seen, the impact is very large, with
the bulk of red points ending at higher final Li abun-
dances than the previous case, and a small fraction of
predicted RC stars now reaching the observed levels of
Li in the GALAH sample. Once again, this is naturally
expected, because an RGB star of 1.3 M� depletes Li
much less efficiently than one of 1.0 M�, as illustrated
in Figure 3. Conversely, although we don’t show it as

an example, adopting even slightly higher masses would
put progenitor stars right in the Li dip (the run of ma-
genta points from NGC 6819), and our simulation would
predict only upper limits at the RC. The pattern would

reverse above the Li dip, with higher mass turnoff stars
having higher initial Li.

Next, we perform the exercise accounting for more

realistic initial conditions. We assume the stellar mass
distribution of field clump giants observed by GALAH
to be well represented by that of the Kepler sample (see

§ 2). Then, for each RC star in APOKASC, we follow
the same procedure as Kumar et al. (2020) and compute
the stellar mass from the stellar parameters according to
Equation 1. If the resulting mass is larger than 2 M�,

we do not include the star and move to the next one
in the list. If the resulting mass is smaller than 2 M�,
we keep the star but from now on we rely on its seismic

mass determination from APOKASC. As shown in the
bottom panel of Figure 2, this procedure is permitting
RC stars more massive than 2 M� to make it into the
final sample.

Note that, because of mass loss during the upper RGB,
the mass of the RC stars as selected above must be
smaller than the mass of their MS progenitors. In or-
der to account for the effect of mass loss on our model
predictions, we run our procedure for two cases, meant
to illustrate limiting possibilities. First, a case with no

mass loss at all, so that the mass of the RC star as se-
lected above is the same as the mass of its progenitor
at the MS turnoff. And second, a somewhat extreme
case in which all stars lose 0.3 M� in the upper RGB,
so that the mass of the MS progenitor at the turnoff is
0.3 M� larger than that of the RC star as determined

earlier. Mass loss shifts the MS mass distribution of the
RC stars to even higher mass, as the current mass is
an underestimate of the mass at earlier stages. Panels
C1-C2 in Figure 4 illustrate our results for the case with
no mass loss, while panels D1-D2 correspond to the case
where all stars lose the same amount of mass as just
described.

Next, for each RC star in APOKASC (with a mass
smaller than 2 M� according to Equation 1), we assign
a randomly drawn initial Li abundance that follows the
observed distribution of A(Li) as described above for
MS stars at the corresponding MS progenitor mass. See
panels C1 and D1 of Figure 4, for the initial conditions
for the cases without and with mass loss, respectively.
It can be seen that the mass distribution of the MS
progenitors for the case including mass loss is shifted to
higher values exactly by 0.3 M�, as designed.

The results of forward modeling these initial condi-
tions are depicted in panels C2 and D2 of Figure 4, for
the case without and with mass loss, respectively. These

should be compared with the similar diagram in Ku-
mar et al. (2020) (their Fig.3). It can be seen that our
standard model predictions, accounting for the range of
stellar masses of the progenitors of clump giants, cover

the region occupied by the data quite well, regardless of
the assumption on mass loss. Moreover, in Figure 5 we
show an enlarged version of panel D2 of Figure 4 that

color codes the simulated RC according to progenitor’s
mass, therefore showing the stellar mass distribution of
the field RC as predicted by our simulation. Figure 5

shows clearly that 1 M� progenitors produce RC giants
with low levels of Li, A(Li) < −1, while the RC region
as observed by GALAH, with A(Li) ∼ 0.5 - 1.0 dex, is
expected to be populated by somewhat higher mass pro-

genitors, with M ∼ 1.5 M� and above, such as we see in
the Kepler RC (Figure 1, left panel). This prediction is
testable with asteroseismic data.

The simulations in C2 and D2, besides naturally ex-
plaining the observed bulk distribution of Li in the RC,
also predict an extended tail of RC stars with very low Li
abundances, which is not seen in the GALAH data ana-
lyzed by Kumar et al. (2020). This tail is less extended
on the low-Li end when accounting for mass loss (i.e., the
more realistic of the four models), which indicates that
it reflects the initial conditions adopted in our models,
combined with the fact that the less massive progenitors
deplete Li more efficiently than the more massive ones.

A large fraction of evolved GALAH stars do not have
reported Li measurements, and it is natural to asso-
ciate them with this predicted population. Kumar et al.
(2020) contest this, on the grounds that the Li equiva-

lent widths for the non-detections are in the detectable
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Figure 5. Same as panel D2 of Figure 4, with the simulated
RC color coded according to the mass of the progenitor stars.
One solar mass progenitors populate the very low Li region
of the RC, with A(Li) < −1, while the region of the RC
populated by GALAH DR2 detections (region between the
vertical dashed lines) is explained by higher mass progeni-
tors, with M ∼ 1.5 M� and above.

regime, and therefore the non-detections are not upper
limits; instead they claim that they are not reported for

other reasons.
We find this explanation unconvincing for several rea-

sons. First, the Cannon methodology, used in the initial
GALAH data release, is not designed to measure up-

per limits. However, it is clear from an examination of
the observed pattern that a large number of the mea-
surements must be Li non-detections. Moreover, the

Li detection limits, and measurements, are strong func-
tions of effective temperature, with reported values all
the way down to the detection limit at all values of Teff .
It is very unlikely that the true abundance distribution

cuts off at exactly the same place where the lines become
weak. The Li equivalent width can include other nearby
weak lines, and a non-zero value does not require a de-
tectable Li abundance. Finally, open cluster samples
of evolved giants have numerous true upper limits (see
Magrini et al. 2021 for a most recent analysis based on
data from the Gaia-ESO survey), and such stars must
also exist in a field sample.

We confirm these arguments with new GALAH data.
The latest GALAH Data Release (DR3, Buder et al.
2021), uses the SME pipeline to infer Li abundances,
and it does explicitly include upper limits. We cross-
matched the GALAH DR3 catalog with the Zinn et al.

(2021) K2 asteroseismic data. We used the combina-
tion of the published GALAH effective temperatures and
the seismic parameters from Zinn et al. (2021) to infer

Figure 6. Lithium measurements with K2 asteroseismic
data for stars classified as red clump (top panel) and red
giant (bottom panel). Red clump and red giant branch de-
tections are the blue (top) and red (bottom) symbols, while
upper limits are denoted by triangles. Masses are taken from
the Zinn et al. (2021) asteroseismic factors with Buder et al.
(2021) GALAH temperatures; Li measurements and limits
are taken from Buder et al. (2021). Evolutionary states are
from Zinn et al. (2021).

masses, and we adopted the evolutionary states from
that paper as well.

In Figure 6, we show the results for RC and RGB
stars. More than 80% of the measurements are upper
limits in both the RC and RGB (top and bottom pan-

els respectively). The Li abundances in the two groups
are comparable, with the exception of a larger popula-
tion of truly Li-rich stars in a minority of clump giants.
Most of the claimed detections are close to the detection
limit and are marginal. We caution that the distribu-
tions of masses is not the same as those in Kepler, so
our simulation is not directly comparable to these data.
However, the large numbers of upper limits, along with
the mean Li level in the clump, fit comfortably in the
domain predicted by our simulations.

4. CONCLUSIONS
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A key lesson from our simulation is that Li depletion
is a strong function of mass on the RGB, so a proper
understanding of Li in evolved low-mass stars requires
an understanding of the distribution of masses in the
sample. Furthermore, a large number of very low Li
abundances are expected for evolved stars, and a proper
treatment of non-detections is therefore crucial.

We have modeled the expected distribution of Li
abundances in the MS for the progenitors of present
day field clump giants. Crucially, such progenitors have
sufficiently different properties than today’s field red gi-
ants in what respects to the evolution of Li. Our proce-
dure then uses standard stellar models to simulate the
distribution of Li abundances and the luminosities of
such progenitors when arriving at the horizontal branch,
in order to be compared with the GALAH Li data of
field stars at that evolutionary state. A full analysis
should also attempt to match the metallicity distribu-
tion of both the RC and RGB, and to distinguish be-

tween high− and low−α populations, but this is beyond
the scope of this paper. We adopted a stellar popula-
tion model from the Kepler field, and different stellar
populations in the GALAH footprint would impact our

results. However, the central conclusions should be ro-
bust: the relative contributions of stars to the clump
and giant branch depend sensitively on mass and com-

position, and we expect clump stars with detected Li to
preferentially be produced in younger stellar populations
relative to primarily old first ascent giants.

If there are no unknown mechanisms of Li production
operating between the MS turnoff and the subsequent
core helium burning phase, our simulated Li abundances
should be comparable to those for low-mass field clump

giants. Our predicted distribution of Li abundances in-
deed matches the Li abundances of the bulk population
of field RC stars as measured by GALAH. Therefore,

there is no evidence among clump giants of an unknown
Li production mechanism occurring between the upper
RGB and the horizontal branch for low-mass stars.

Furthermore, our model makes testable predictions:
that the Li detections in the RC should be preferen-
tially higher mass stars; that there are a large number
of upper limits in the RC; and that the upper limits
should be preferentially low mass stars. The data from
Carlberg et al. (2016) is very encouraging in this regard;

they report Li detections for RC stars with masses from
1.6 to 2 M� in the range expected for our models. A
confirmed detection of Li in a large number of low mass
RC stars (i.e., beyond the classical Li-rich ones) would
indeed be evidence for Li production in at least some
cases. The limited overlap between our K2 asteroseis-
mic sample and GALAH DR3 consisted largely of upper
limits or detections at a low level, along with a small
fraction of true Li-rich stars. This is consistent with our
model; a larger sample with more high-mass stars would
be needed to see whether modest detection (A(Li) ∼ 1)
are associated with higher mass stars.

Finally, we stress that a crucial difference between the
predictions of our simulations and the observed Li abun-
dances of field RC stars is the presence in the data of
stars with very high Li levels (up to A(Li) ∼ 3.5 dex)
that standard models cannot reproduce. These are the

well known Li-rich giants, which certainly remain an
open problem, and are not within the scope of this pa-
per. However, the issue of what is the correct thresh-

old for defining a giant star as normal or Li-rich needs
to change and be incorporated in the mainstream ur-
gently. Specifically, classification schemes for Li-rich gi-

ants should not be based on a fixed threshold, but on a
variable one that must depend on stellar mass (Aguilera-
Gómez et al. 2016b,a). Otherwise, we will keep misin-
forming the efforts to study that truly challenging and

longstanding problem in stellar evolution.
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