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ABSTRACT

This study investigates the temporal and spatial variations in lithium abundance within the Milky Way using a sample of 22,034
main-sequence turn-off (MSTO) stars and subgiants, characterised by precise stellar ages, 3D NLTE (non-local thermodynamic
equilibrium) lithium abundances, and birth radii. Our results reveal a complex variation in lithium abundance with stellar age:
a gradual increase from 14 Gyr to 6 Gyr, followed by a decline between 6 Gyr and 4.5 Gyr, and a rapid increase thereafter. We
find that young Li-rich stars (ages < 4 Gyr, A(Li) > 2.7 dex) predominantly originate from the outer disc. By binning the sample
according to guiding center radius and zm,x, we observe that these young Li-rich stars migrate radially to the local and inner
discs. In addition, the stars originating from the inner disc experienced a rapid Li enrichment process between 8 Gyr and 6 Gyr.
Our analysis suggests that the age range of Li-dip stars is 4-5 Gyr, encompassing evolution stages from MSTO stars to subgiants.
The Galactic radial profile of A(Li) (with respect to birth radius), as a function of age, reveals three distinct periods: 14-6 Gyr
ago, 6-4 Gyr ago, and 4-1 Gyr ago. Initially, the lithium abundance gradient is positive, indicating increasing Li abundance with
birth radius. During the second period, it transitions to a negative and broken gradient, mainly affected by Li-dip stars. In the
final period, the gradient reverts to a positive trend.
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1 INTRODUCTION

The evolution of lithium (Li) is a crucial question in modern astro-
physics, especially its chemical evolution history in the Milky Way.
According to the Standard Big Bang Nucleosynthesis model (SBBN),
the primordial Li abundance is predicted to be A(Li)! ~ 2.7 dex (Cy-
burt et al. 2003, 2008, 2016; Spergel et al. 2003; Coc et al. 2012,
2014a,b; Pitrou et al. 2018; Fields et al. 2020), which is a factor of
3—4 higher than measured in halo dwarf stars (A(Li) = 2.05-2.2 dex,
Spite & Spite 1982; Bonifacio & Molaro 1997; Asplund et al. 2006;
Bonifacio et al. 2007). This discrepancy is the well-known cosmo-
logical lithium problem (Spite et al. 2012). On the other hand, the
discovery of unevolved stars with high Li abundances (A(Li) = 3.26
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L AL = log[N(Li)/N(H) + 12], where N(Li) and N(H) are the number
densities of lithium and hydrogen, respectively.
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dex, Lodders et al. 2009) signifies an imprint of Li-enrichment within
the interstellar medium (ISM) during the Galaxy lifetime. Further-
more, the release of high-resolution spectroscopic data has revealed
distinct Li evolution patterns among stars in the thin and thick discs.
The thin disc stars exhibit an increasing Li abundance with higher
metallicity (e.g., Guiglion et al. 2016; Fu et al. 2018; Bensby & Lind
2018). However, the relation between Li abundance and metallicity
in thick disc stars is less clear. Some studies report an increase in
Li abundance with metallicity (Guiglion et al. 2016; Fu et al. 2018),
while others suggest a decrease (Delgado Mena et al. 2015; Bensby &
Lind 2018), or a flat trend (Ramirez et al. 2012). These discrepancies
arise from the methods used to select thick disc stars, as discussed in
Bensby & Lind (2018). They suggest that selecting thick disc stars
based on stellar age significantly reduces contamination from thin
disc stars.

A multitude of nucleosynthesis processes and sources have been
proposed to explain the increase of Li abundance in disc stars, includ-
ing spallation by Galactic cosmic ray spallation (GCC, Reeves et al.
1970) and specific stellar evolution phases: core-collapse supernovae
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(CCSN, Woosley et al. 1990; Kusakabe et al. 2019), novae (Arnould
& Norgaard 1975; Hernanz et al. 1996; José 2002; Tajitsu et al. 2015),
low-mass giants (Sackmann & Boothroyd 1999), and the asymptotic
giant branch stars (AGB) (Sackmann & Boothroyd 1992; Abia et al.
1999). Among the various sources, novae are the primary contribu-
tors of Li in the Galaxy (D’Antona & Matteucci 1991; Romano et al.
1999, 2001; Grisoni et al. 2019; Romano et al. 2021). Significant
contributions also come from AGB stars (D’Antona & Matteucci
1991) and GCC (Romano et al. 1999; Prantzos 2012), with minor
contributions from Li-rich giant stars (Romano et al. 2001). The con-
tribution of CCSN to Li production remains uncertain (Romano et al.
1999; Prantzos 2012; Romano et al. 2021).

Despite the discernment of multiple production sites, the con-
straints on stellar yields remain inadequate. For instance, observa-
tions indicate a potential decrease in Li abundance among cool field
main sequence (MS) stars at super-solar metallicities (Delgado Mena
et al. 2015; Guiglion et al. 2016; Bensby et al. 2020; Stonkuté et al.
2020). Several studies propose a correlation between the observed
decrease in Li abundance and radial migration (Guiglion et al. 2019;
Dantas et al. 2022; Zhang et al. 2023). Specifically, older and Li-
depleted stars born in the inner regions of the Galactic disc migrated
to the solar vicinity. This migration renders the upper envelope of
the A(Li) versus [Fe/H] diagram ineffective for accurately tracing
Li evolution, particularly at the metal-rich end (e.g., Guiglion et al.
2019). To delve into the Li evolution in the Milky Way, a prerequisite
is a statistically robust and homogeneous sample with precise age
estimates and birth radii.

Another problem of Li depletion, Li-dip, was initially observed
in main-sequence stars in the Hyades open cluster (Wallerstein et al.
1965; Boesgaard & Tripicco 1986; Burkhart & Coupry 2000; Boes-
gaard et al. 2016), reveal that F-dwarfs within a 300 K temperature
range around 6600 K (1.0-1.5 Mg) exhibit a depletion in A(Li) of
over 2 dex compared with stars out of this region, forming a dis-
tinct "Li dip’. This phenomenon is confirmed to exist in field stars
(Randich et al. 1999; Chen et al. 2001; Lambert & Reddy 2004;
Ramirez et al. 2012; Aguilera-Gémez et al. 2018; Bensby & Lind
2018; Gao et al. 2020) and clusters like M34 (Jones et al. 1997), NGC
752 (Hobbs & Pilachowski 1986), and M67 (Balachandran 1995),
but not in youngest clusters with ages less than about 100 Myr like
the Pleiades (Boesgaard et al. 1988), indicating it develops later in
the main sequence phase (Sestito & Randich 2005). Despite current
models attributing the Li dip to atomic diffusion (Michaud 1986),
rotational mixing (Pinsonneault et al. 1992; Eggenberger et al. 2010),
and internal gravity waves (Montalban & Schatzman 2000; Charbon-
nel & Talon 2005), several studies have demonstrated a correlation
between the mass of Li-dip star and the metallicity of cluster (e.g.,
Balachandran 1995; Anthony-Twarog et al. 2009). This correlation
implies that any comprehensive explanation for the Li dip must con-
sider not only its morphology but also the potential relations among
stellar mass, age, and metallicity (e.g., Delgado Mena et al. 2015).
To date, a consistent explanation for the Li dip remains elusive, high-
lighting the need for accurate Li abundance measurements across
diverse stars to understand these mechanisms’ dependence on stellar
properties.

As the first 3D NLTE (non-local thermodynamic equilibrium)
analysis of Li applied to a large spectroscopic survey, Wang et al.
(2024) have published 3D NLTE Li abundances for 581,149 stars
observed in GALAH DR3. For the first time, the evolution of Li-
dip stars beyond the main sequence turn-off and along the subgiant
branch has been traced. In addition, based on spectroscopic data
from GALAH DR3 and astrometric data from GAIA DR3, Sun et al.
(2023b) (hereafter Paper I) and Sun et al. (2023a) (hereafter Paper
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II) have obtained precise ages for approximately 45,000 subgiants
and turnoff stars, with median age uncertainties better than 10%.
The integration of the 3D NLTE Li abundance with these precise
ages allows for an unprecedented characterisation of the temporal
evolution of Li abundance.

This paper is organised as follows: Section 2 outlines the sample
selection, age estimation, and calculation of the birth radius Ry;-
Section 3 presents the temporal and spatial variations in Li abun-
dances. The results are summarised in Section 4.

2 DATA AND METHOD

This work is based on the spectroscopic data from the Third Data
Release of the Galactic Archaeology with HERMES survey (GALAH
DR3, Buder et al. 2021), including stellar parameters (7., log g,
[Fe/H], Viics Vbroads Vrad) and up to 30 elemental abundances
for 588,571 stars. The derivation of stellar parameters is based on
optical spectra with a typical resolution of R ~ 28,000. In addition,
the Li abundance employed in this study were derived by Wang
etal. (2024) using 3D hydrodynamic model atmospheres with NLTE
radiative transfer. This 3D NLTE Li abundance catalogue is available
on the GALAH DR3 website 2.

The star sample utilised in this work comes from Paper II, which
presents a sample of the main-sequence turnoff (MSTO) and subgiant
stars, with a median relative age uncertainty of 9.8% across the age
range of 1-13.8 Gyr. Paper II has excluded stars with significant
model systematic bias, whose inferred ages are 2-sigma larger> than
the age of the universe (13.8 Gyr, Planck Collaboration et al. 2016).
Binaries systems identified by Traven et al. (2020) and Yu et al.
(2023) have been excluded in this sample. Additionally, a criterion
based on Gaia DR3 parameters is applied, selecting stars with a Gaia
re-normalised unit weight error (RUWE) of less than 1.2 (Rybizki
et al. 2022).

2.1 Stellar age determination

Stellar ages from Paper II are estimated by matching the Gaia lu-
minosity (Yu et al. 2023), GALAH spectroscopic stellar parame-
ters (Te, [Fe/H], [a/Fe], and [O/Fe]), with Oxygen-enhanced stellar
models, using a Bayesian approach (Basu et al. 2010). These models
employ an individual enhancement factor for oxygen, allowing for the
independent specification of oxygen abundance (refer to Paper II for
further details). The enhancement factors for the other a-elements,
including Ne, Mg, Si, S, Ca, and Ti, are maintained with the same
enhancement factor ([a/Fe] =0, 0.1, 0.2, 0.3). The methods used for
age determination of each star in Paper II are outlined as follows:

For each star, we utilise a set of stellar models characterised by the
corresponding [@/Fe] and [O/Fe] values, specifically selecting those
models whose [a/Fe] and [O/Fe] values are closest to the observed
values of the star. To determine the most probable stellar models
from evolution tracks, we apply a 3-sigma error (i.e., three times
the observational error) to define the likelihood that matches the
observed constraints (Teg, [Fe/H], luminosity).

Following the fitting method introduced by Basu et al. (2010),
we conduct a comparison between the model predictions and their
corresponding observational properties D. This comparison allows

2 https://cloud.datacentral.org.au/teamdata/GALAH/public/
GALAH_DR3/
3 For a certain star, age — 2*age_uncertainty > 13.8 Gyr.
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Figure 1. Age-A(Li) distributions, colour-coded by the stellar number density
(a), Rpirtn (b) and T (c). The black lines represent the fitting results by
local non-parametric regression. The fitting procedure is performed using the
Locally Weighted Scatterplot Smoothing (LOESS) model with the following
parameters: a smoothing fraction (frac) of 0.15, 20 iterations (it), and no
weighting function adjustment (delta = 0). The grey dashed lines represent
the typical SBBN Li abundances of A(Li) = 2.7 dex. To clearly illustrate
the distribution of the Ry for the sample stars in panel (b), Fig. A2 in the
Appendix A presents the mean Ry, binned in age and A(Li).

us to calculate the overall probability of the model M; with posterior
probability 7,

p(M; | 1)p (D | M;,I)

1
2D 1) o

p(M;|D,I)=

with p(M; | I) representing the uniform prior probability for a specific

The lithium evolution in the Galactic disc 3

3.5 14
(a) ) b
3.0
10
25
3 ©
g
=204 °
=3 6
= <
15 4
1.0 2
0
-10 -08 -06 -04 -02 00 02 04
[Fe/H](dex)
35
14
3.0
25
<
3 <
o g
~20 =
= £
>3 o«
15
1.0

-10 -08 -06 -04 -0.2 0.0
[Fe/H](dex)

Figure 2. [Fe/H]-A(Li) distributions, colour-coded by the stellar age (a) and
Rpirtn (b). The [Fe/H]-A(Li) distribution of old stars with age > 8 Gyr is
shown in Fig. B1 in the Appendix B.
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Figure 3. Rgyige-Zmax distribution of sample stars, colour-coded by the stellar
number density. The vertical dashed lines indicate the division into three
Rguige bins (inner, local, and outer) at Rgyige = 7 and 9 kpc. The horizontal
dashed lines indicates the division of each Rgyige bin into three zmax bins
(high-zmax, intermediate-zmax, loW-Zmax) at Zmax = 0.3 and 0.7 kpc.

model, and p(D | M;, I) denoting the likelihood function:

p(D | M, 1) =L(Tepy, [Fe/H],lum)
=L1, ;i LiFe/H]Lium:

(@3]
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where the likelihood function is given by

S L
b= e[ 5) ®
and
_ 2
X2 _ (¢obs o—¢model ) )

Here o is the error of the observation ¢qs. The p(D | I) in Equation
1 is a normalisation factor for the specific model probability:

N

p(D 1= p(Mj[1)p(D]|Mj1). (5)
=

where N, is the total number of selected models. The uniform priors
p(M; | I) can be cancelled, giving the simplified Equation (1) as :
p(D|M,I)
N :
We derive the probability distribution for each star with Equation 6
and fit a Gaussian function to the resulting likelihood distribution.

The mean and standard deviation of the Gaussian profile serve as
estimates and uncertainties, respectively.

p(M;|D,I)= (6)

2.2 Target selection and the calculation of birth radius

To avoid significant Li destruction in the coolest dwarf stars, we
mainly target the MSTO and subgiant stars with T, ranging from
5600 K to 7000 K, and log g ranging from 3.4 to 4.1. The resulting
sample comprises 22,034 field stars with 3D NLTE Li measurements
(flag_Ali_DR3 < 2). Although our sample includes a small number
of early subgiant stars in addition to MSTO stars, these subgiant stars
exhibit no significant reduction in surface A(Li) attributable to the
first dredge-up (e.g., Boothroyd & Sackmann 1999). As illustrated in
Fig. Al in the Appendix A, we observe no pronounced decrease in
Li abundance with respect to log g.

To calculate the birth radius Ry;., we adopt the methodology out-
lined in Lu et al. (2022), which enhances the original approach intro-
duced in Minchev et al. (2018). Lu et al. (2022) establishes a linear
relation between the metallicity gradient of the interstellar medium
(ISM) at a given lookback time (V[Fe/H](7)), and the metallicity
range observed in stars of the same age (Range[Fe/H](age)), using
two different sets of cosmological simulations. Consequently, the
birth radius (Ryq,) of an individual star, assuming a linear gradient
of metallicity in the ISM, is mathematically expressed as a function
of its metallicity and age:

Ro(age, [Fe/t]) = A= TR0, )
In which [Fe/H] (0, 7) and V[Fe/H](7) are taken from Table Al of
Lu et al. (2022) with linear interpolation in between points.

3 RESULT
3.1 Age-A(Li) and [Fe/H]-A(Li) distributions

Fig. 1 presents the age-A(Li) distributions of sample stars. We adopt
local non-parametric regression on the data in each panel using the
PYTHON package STATSMODELS (Seabold & Perktold 2010),
specifically the Locally Weighted Scatterplot Smoothing (LOESS)
model. This approach is well-suited for capturing non-linear trends
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in data by applying local linear regression across small subsets of
the data. The weight assigned to each point during the fitting process
is determined by its proximity to the target point, with closer points
receiving higher weights. As shown in Fig. 1(a), the Li abundance
(A(Li)) exhibits a complex temporal variation. Initially, A(Li) in-
creases from ~1.5 dex at 14 Gyr to ~2.2 dex at 6 Gyr. Subsequently,
it declines slightly to around 2.1 dex at 4.5 Gyr. Following this dip,
the Li abundance rises again, surpassing 2.7 dex at 2 Gyr. Based
on the birth radius of the sample stars (Fig. 1(b) and Fig. A2), most
Li-rich stars (A(Li) > 2.7 dex) younger than 4 Gyr originate from
the outer disc (~70% of these stars have Ry > 10 kpc). These
stars exhibit an increasing trend in Li abundance over time, with a
significant number exceeding the primordial cosmological Li abun-
dance. Conversely, stars older than 6 Gyr predominantly originate
from the inner disc. These older stars also demonstrate an increase
in Li abundance over time, although this trend is relatively flatter
compared with that of younger stars. Interestingly, the intermediate-
age stars with age between 4.5 Gyr and 6 Gyr exhibit a decreasing
trend in Li abundance over time. As illustrated in Fig. 1(c), most
of these stars have T g below 6200 K. This 7. range suggests that
they may correspond to the Li-dip main-sequence turn-off stars and
subgiants identified in Wang et al. (2024). A detailed discussion of
this phenomenon will be provided in Section 3.2.

Fig. 2 illustrates the [Fe/H]-A(Li) distributions of the sample stars.
In Fig. 2(a), stars younger than 4 Gyr exhibit a narrow range of
metallicity, primarily between —0.4 dex and +0.1 dex. In contrast,
intermediate-age stars, between 4 Gyr and 8 Gyr, show a broader
range of metallicity, spanning from —0.6 dex to +0.4 dex. Both young
and intermediate-age stars exhibit an increase in Li abundance with
metallicity, consistent with previous studies of the thin disc (e.g.,
Guiglion et al. 2016; Fu et al. 2018; Bensby & Lind 2018). Moreover,
since stars with [Fe/H] > O are primarily intermediate-age stars,
it appears that the Li abundance of thin disc stars (age < 8 Gyr)
decreases at super-solar metallicities (Delgado Mena et al. 2015;
Guiglion et al. 2016; Bensby et al. 2020; Stonkuté et al. 2020). This
phenomenon arises because the stars with the highest metallicities
in the thin disc are not the youngest in the sample (Fig. 2(a)). As
shown in Fig. 2(b), these stars predominantly originate closer to the
Galactic center (Zhang et al. 2023), while stars with lower metallicity
are more likely to form in the solar neighborhood. Older stars (age > 8
Gyr) have significantly lower metallicity, mostly below 0, with many
stars below —0.4 dex. According to the age criteria from Bensby &
Lind (2018), these stars belong to the thick disc population. Their
Li abundance decreases with metallicity (Fig. B1), consistent with
the results in Bensby & Lind (2018). Additionally, these thick disc
stars mostly originate from the inner disc, with smaller birth radii
(Fig. 2(b)).

3.2 Age-A(Li) relations in each spatial bins

In this section, we employ the guiding center radius Rgy;ge and birth
radius Ry, to investigate the variations in the age-A(Li) relations
across different positions in the Milky Way. The guiding center radius
reflects the average orbital radius of stars at present, allowing us to
distinguish stars located in various regions of the Galactic disc. On
the other hand, the birth radius indicates the orbital radius at the time
of a star’s formation, which enables us to trace the star’s origin within
the Galaxy.

We divide our sample stars into nine subsamples based on their
guiding center radius Rgyige and Zmax (maximum vertical distance
from the disc plane) distribution, as shown in Fig. 3. znax utilised
in this work come from the GALAH DR3 value-added catalogue
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Scatterplot Smoothing (LOESS) model with the following parameters: a smoothing fraction (frac) of 0.4, 20 iterations (it), and no weighting function adjustment

(delta = 0).

(VAC) (Buder et al. 2021), have been calculated using the Python
package Galpy (Bovy 2015), with the details of assumed Milky Way
potential and solar kinematic parameters presented in Buder et al.
(2021).

We refer to three radial bins delimited at Rgyige = 8 = 1.00 kpc as
the inner (Rgyjge < 7 kpc), local (7 kpe < Rgyide < 9 kpc), and outer
(Rguide > 9 kpe) regions of the disc. Each of the radial bins is divided
into a low-zZmax (Zmax < 0.3 kpc) bin, a intermediate-zm,x (0.3 kpe
< Zmax < 0.7 kpc) bin, and a high-Zmax (Zmax > 0.7 kpc) bin at zpax
= 0.3 kpc and 0.7 kpc as shown in Fig. 4. Except for the sample stars
shown in Fig. 4(a), nearly all spatially divided subsamples exhibit a
decreasing trend in Li abundance from ~6 Gyr to ~4 Gyr, with the
minimum Li abundance occurring around 4.5 Gyr. This suggests that
the age range of Li-dip stars is 4-5 Gyr, irrespective of positions in
the Milky Way. Additionally, aside from the stars in Fig. 4(a,b,d), the
remaining subsamples demonstrate a rapid increase in Li abundance
after 4 Gyr.

To investigate the origins of Li-dip stars and young Li-rich stars,
we represent each star’s birth radius by colour in Fig. 5. Our results
indicate that young Li-rich stars generally have the largest birth radii,
mostly exceeding 12 kpc, implying migration from the outer disc. In

contrast, the Li-dip stars identified in Fig. 4 have birth radii near the
Sun, indicating minor influence from radial migration.

Furthermore, Fig. 5(a-c) reveals an intriguing pattern: stars born in
the inner disc (orange points) exhibit significant Li enrichment from
~8 Gyr to ~6 Gyr, with this enhancement being most pronounced in
the high-zy,« region of the inner disc. This rapid Li enrichment trend
parallels that observed in young stars (age < 4 Gyr), suggesting that
the inner disc experienced a similar enrichment process as the outer
disc. This Li enrichment of inner disc stars is also observable in the
local disc (Fig. 5(d-f)), although their trend may be obscured by the
presence of local disc stars. These findings highlight the importance
of stellar birth radius in understanding the Li enrichment history
in the Milky Way. The observed Li abundance trends in the solar
neighbourhood may be influenced by stars originating from different
regions of the Galactic disc. Before this period (8 Gyr to 6 Gyr) of
Li enrichment, inner disc stars at high-zmax region (Fig. 4(a) and
Fig. 5(a)) experienced Li depletion from 14 Gyr to 10 Gyr, with Li
abundance decreasing by ~0.5 dex.

To verify whether the Li-dip stars in our sample are located in the
Li-dip region identified in Wang et al. (2024), we select sample stars
within the age range of 4-5 Gyr and plot them on the Kiel diagram.
Fig. 6(a) displays the distribution of GALAH DR3 3D NLTE Li
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Figure 5. Age-A(Li) distributions in nine different bins of Rgyjge and zmax

, color-coded by the Rp;r. The panels are arranged according to the division in

Fig. 3. The numbers of stars in each bin are shown in the bottom-right corner of each panel. The black lines represent the fitting result by local nonparametric
regression. The fitting procedure is performed using the Locally Weighted Scatterplot Smoothing (LOESS) model with the following parameters: a smoothing
fraction (frac) of 0.4, 20 iterations (it), and no weighting function adjustment (delta = 0).

abundance on the Kiel diagram, showing that Li-dip stars extend
from T, ~ 6500 K, log g ~ 4.2 dex to subgiants at T ~ 5700 K and
log g = 3.8 dex. In Fig. 6(b), the Li-dip stars identified in our sample
(grey points) align closely with the Li-dip region, extending from
main sequence turnoff stars to sub-giants. Therefore, we suggest that
the age range of Li-dip MSTO and subginat stars, based on 3D NLTE
Li abundances and our reliable stellar age, is 4-5 Gyr.

3.3 Time evolution of A(Li) gradients

To better understand how the Li abundance in the Galactic disc varies
with time, we now focus on the time evolution of Li abundance
gradients. We adopt the birth position (Ryq) of stars as the radial
distance scale for studying ISM evolution, considering it a more
rational choice compared with the current position, which inherently
incorporates the effects of radial migration.

Fig. 7 depicts the temporal evolution of A(Li) gradients in terms
of Rpjytn, revealing a complex trend. This evolution can be broadly
categorised into three distinct epochs: 14-6 Gyr ago, 6-4 Gyr ago,
and 4-1 Gyr ago. In the first period, spanning from 14 Gyr ago to 6
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Gyr ago, the Li abundance profile demonstrates a positive gradient.
Specifically, from 14 Gyr ago to 10 Gyr ago, the Li abundance in the
inner disc exhibits a slight decline. This trend reverses from 10 Gyr
ago to 6 Gyr ago, with the Li abundance in the inner disc increasing,
accompanied by a gradual flattening of the gradient. The second
period, from 6 Gyr ago to 4 Gyr ago, is characterised by a transition
in the Li abundance profile from a negative gradient to a broken
gradient. This phase is marked by a decrease in Li abundance within
the inner disc and local disc, corresponding to the age range of Li-dip
stars. The observed broken gradient is attributed to the increase in
Li abundance within the outer disc. During the third period, from 4
Gyr ago to 1 Gyr ago, the Li abundance profile reverts to a positive
gradient. This phase is distinguished by a gradual increase in Li
abundance in both the local disc and outer disc.

The variation in the Li abundance gradient reflects the inside-out
formation of the Galactic disc (e.g., Frankel et al. 2019), wherein
the disc expands from the inner to the outer regions. Over time, the
overall Li abundance increases, except for the depletion observed in
old (10-14 Gyr) stars and the Li-dip in intermediate-age (4-5 Gyr)
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Figure 6. Mean A(Li) binned in 7. and log g for GALAH DR3 data (top),
with the Li-dip stars (4-5 Gyr) found in our work overplotted (bottom).

stars. Throughout other epochs, the Li abundance in the Galactic disc
consistently rises.

4 CONCLUSIONS

Utilising a sample of 22,034 main-sequence turn-off stars and sub-
giants from Sun et al. (2023a), we investigated temporal and spatial
variations in Li abundance within the Milky Way. Our study incor-
porates precise stellar ages, 3D NLTE Li abundances, and birth radii
for the selected star samples.

We find that the temporal evolution of Li abundance in our sample
is complex. Initially, there is a gradual increase in Li abundance from
14 Gyr to 6 Gyr, followed by a decline between 6 Gyr and 4.5 Gyr,
and subsequently a rapid increase after 4.5 Gyr. Notably, young Li-
rich stars with ages less than 4 Gyr primarily originate from the outer
disc.

By binning the sample according to the guiding center radius and
Zmax, our results indicate that young Li-rich stars in all spatial regions
originate from the outer disc and have migrated radially to the local
and inner discs. The stars originating from the inner disc experienced
arapid Li enrichment process from 8 Gyr ago to 6 Gyr ago, analogous

The lithium evolution in the Galactic disc 7

3.0
28|
26
24| /‘
I 7
227 \ 5z
9 3 )( )
E 20 — 1-3 Gyr
248l — 3-4Gyr
< 1 m— 4-5 Gyr
16 5-6 Gyr
14} 6-8 Gyr
3 8-10 Gyr
121 — 10-12 Gyr
10} — 12—14Gyr

2 4 6 8 10 12 14 16 18
Rbpirth (Kpc)

Figure 7. Radial Li abundance profile in bins of age, with respect to Ry;p-
Each line represents the local nonparametric regression fitting to the dis-
tribution of sample stars in this age bin. The shaded regions indicate the
95% confidence interval around the fitting result by performing bootstrap
resampling.

to the enrichment observed in the outer disc stars after 4 Gyr ago.
Additionally, we find that the age range of Li-dip stars is 4-5 Gyr,
encompassing evolution stages from the main-sequence turn-off stars
to subgiants.

Furthermore, our investigation into the temporal evolution of Li
abundance gradients reveals three distinct periods: 14-6 Gyr ago,
6-4 Gyr ago, and 4-1 Gyr ago. Initially, the Li abundance gradient
is positive. During the second epoch, it transitions to a negative and
broken gradient, primarily influenced by the Li-dip stars. In the final
epoch, the gradient reverts to a positive trend.

Our findings highlight the crucial roles of stellar age and birth
radius in understanding the complex patterns of Li abundance varia-
tions, which are affected by radial migration.
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