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ABSTRACT

Context. The chemical evolution of lithium in the Milky Way represents a major problem in modern astrophysics. Indeed, lithium is,
on the one hand, easily destroyed in stellar interiors, and, on the other hand, produced at some specific stellar evolutionary stages that
are still not well constrained.
Aims. The goal of this paper is to investigate the lithium stellar content of Milky Way stars in order to put constraints on the lithium
chemical enrichment in our Galaxy, in particular in both the thin and thick discs.
Methods. Thanks to high-resolution spectra from the ESO archive and high quality atmospheric parameters, we were able to build
a massive and homogeneous catalogue of lithium abundances for 7300 stars derived with an automatic method coupling, a synthetic
spectra grid, and a Gauss-Newton algorithm. We validated these lithium abundances with literature values, including those of the
Gaia benchmark stars.
Results. In terms of lithium galactic evolution, we show that the interstellar lithium abundance increases with metallicity by 1 dex
from [M/H] = −1 dex to +0.0 dex. Moreover, we find that this lithium ISM abundance decreases by about 0.5 dex at super-solar
metalllicity. Based on a chemical separation, we also observed that the stellar lithium content in the thick disc increases rather slightly
with metallicity, while the thin disc shows a steeper increase. The lithium abundance distribution of α-rich, metal-rich stars has a peak
at ALi ∼ 3 dex.
Conclusions. We conclude that the thick disc stars suffered of a low lithium chemical enrichment, showing lithium abundances
rather close to the Spite plateau while the thin disc stars clearly show an increasing lithium chemical enrichment with the metallicity,
probably thanks to the contribution of low-mass stars.

Key words. Galaxy: abundances – Galaxy: stellar content – Galaxy: formation – stars: abundances

1. Introduction

Nowadays, the lithium chemical element represents a major cen-
tre of interest because its chemical evolution history in stars and
in the Milky Way is still uncertain. On the one hand, according
to the Standard Big Bang Nucleosynthesis model (SBBN), the
primordial lithium abundance is predicted to be ALi ∼ 2.6 dex
(Spergel et al. 2003); however, this primordial lithium abun-
dance is in strong disagreement with the photospheric lithium
abundance measured in old metal-poor dwarfs (ALi = 2.2 dex)
known as the Spite plateau (Spite & Spite 1982). On the other
hand, the lithium meteoritic abundance is known to be ALi =
3.26 dex (Lodders et al. 2009) indicating a certain enrichment
since the Big Bang, whereas the solar lithium photospheric abun-
dance is sensitively lower, i.e. ALi = 1.05 dex, (Grevesse et al.
2007) highlighting internal destruction. Indeed, lithium is easily
destroyed in stellar interiors (T ∼ 2 × 106 K) by (p, α) reactions

? Full Table 2 is only available at the CDS via anonymous ftp to
cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/595/A18

and, because of mixing events, lithium can be strongly depleted
at the stellar surface.

Lithium can also be produced in the interstellar medium
(ISM) via spallation by Galactic cosmic rays (GCC; Reeves
1970) and at very specific phases of the stellar evolution:
core-collapse supernovae (CCSN; Hartmann et al. 1999); no-
vae (Arnould & Norgaard 1975), as supported by recent ob-
servation of Tajitsu et al. (2015); and low-mass giants via cool
bottom burning (Sackmann & Boothroyd 1999), as observed
first by Wallerstein & Sneden (1982). Finally, asymptotic giant
branch stars (AGB) can produce lithium via hot bottom burn-
ing (Sackmann & Boothroyd 1992; Abia et al. 1999) as first ob-
served by Mac Kellar (1940).

Nevertheless, even if several production sites are known,
these stellar yields are still not well constrained. For exam-
ple, adopting yields from Woosley et al. (1990), Travaglio et al.
(2001) estimated that CCSN could produce 40% of the mete-
oritic abundance, while their contribution falls down to 10%
when adopting hydrodynamical models (Heger et al. 2000).
Building chemical evolution models of lithium in the Milky Way
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is thus not an easy task (Romano et al. 2001; Prantzos 2012).
Moreover, when comparing observations to chemical evolution
models, the lack of good age estimates does not allow us to study
the lithium evolution with stellar age (Lambert & Reddy 2004;
Delgado Mena et al. 2015).

In order to investigate the lithium evolution in the Milky
Way, one needs a statistically robust and homogeneous sample,
such that a large metallicity domain can be covered. Up to now,
very few studies presented small or inhomogeneous samples of
few hundreds of stars (Lambert & Reddy 2004; Ramírez et al.
2012; Delgado Mena et al. 2015). To provide more robust in-
formation on the lithium evolution in the Galaxy, we therefore
performed a chemical study of the lithium behaviour from a
homogeneous and very large catalogue of abundances created
from the ESO archive without any external addition of smaller
catalogues. This study is placed in the context of the AMBRE
project (de Laverny et al. 2013b). The automatic determination
of lithium has been performed for 7300 non-rotating and as-
sumed non-binary stars, covering a wide range of metallicity.

The paper is organized as follows: in Sect. 2 we present the
spectroscopic data used for our analysis while in Sect. 3 we de-
tail our automatic method of lithium derivation. The AMBRE
catalogue of lithium abundances is presented in Sect. 4. We val-
idate our lithium measurements in Sect. 5. Finally, the lithium
evolution in the Galaxy is discussed in Sect. 6 in the context of
recent chemical evolution models of the Milky Way taking the
thin to thick dichotomy into account. We conclude this work in
Sect. 7.

2. Observational data set from the AMBRE project

This lithium study is based on spectroscopic data from the
AMBRE project. The goal of this project is to parametrize
the HARPS, FEROS, UVES, and GIRAFFE spectral archives
(de Laverny et al. 2013b), providing robust automatic determi-
nations of the radial velocity (Vrad), effective temperature (Teff),
surface gravity (log(g)), metallicity ([M/H]), and global α en-
richment with respect to iron ([α/Fe]) together with their asso-
ciated errors. In the present paper, we work with the first three
samples that have already been parametrized: 3628 UVES spec-
tra in the Red580 setup containing the Li feature at 6708 Å
(Worley et al. 2016), 89 183 HARPS spectra (De Pascale et al.
2014), and 5981 FEROS spectra (Worley et al. 2012). These
analysed samples were built from the spectra corresponding to
stars with +1≤ log(g)≤+5 cm s−2 and a quality flag lower or
equal to 1 (see e.g. Worley et al. 2012 for details on this la-
bel). The HARPS sample actually consists of repeated spectra
for most of stars, thus the number of analysed stars is much
lower. The typical errors on Teff, log(g) and [M/H] are [108 K,
0.16 cm s−2, 0.10 dex] for UVES, [93 K, 0.26 cm s−2, 0.08 dex]
for HARPS, and [120 K, 0.20 cm s−2, 0.10 dex] for FEROS. In
the following, we also use the AMBRE estimates of the signal-
to-noise ratio (S/N) and the FWHM of the cross-correlation
function used to derive Vrad for a given star (FWHMCCF).

3. Automatic lithium abundance analysis

The lithium abundances of the AMBRE spectra were automat-
ically derived via an optimization method, by coupling a pre-
computed synthetic spectra grid and the GAUGUIN Gauss-
Newton algorithm (Bijaoui et al. 2012). We detail here the steps
of our procedure.

3.1. The high-resolution synthetic spectra grid around
the Li doublet

As the AMBRE stellar sample covers a wide range of atmo-
spheric parameters, a careful examination of atomic and molec-
ular contributions to the emerging spectrum was performed to
build the line list for the synthetic spectra grid computation.

We first started with an atomic line list over 15 Å from
the Vienna Atomic Line Database (VALD3; Kupka et al. 1999,
2000). The line lists of nine molecular species were also taken
into account: CN (Sneden et al. 2014), TiO (Plez, priv. comm.),
C2 (Brooke et al. 2013; Ram et al. 2014), CH (Masseron et al.
2014), ZrO (Plez, priv. comm.), OH (Masseron, priv. comm),
CaH (Plez, priv. comm.), VO (Plez, priv. comm.), and SiH
(Kurucz 1992). We focused on a small wavelength range around
the 7Li doublet (located at 6707.8 Å), from 6707.0 to 6708.5 Å,
at R = 40 000. This narrow domain is sufficiently wide to
measure large lithium features with our automatic procedure of
lithium derivation. For the 7Li doublet at 6708 Å, we adopted the
hyper-fine structure, consisting of six components. The wave-
lengths were taken from Sansonetti et al. (1995), while the oscil-
lator strengths come from the calculations of Yan et al. (1998).

Our final line list was carefully calibrated with the Sun
and Arcturus. We used the solar spectrum from Neckel
(1999) and the Hinkle Arcturus Atlas (Hinkle et al. 2003).
For Arcturus, we considered the atmospheric parameters from
Ramírez & Allende Prieto (2011). We only calibrated the main
atomic lines contributing to the opacity (see Table 1). We in-
creased the oscillator strength for the V i line at λ = 6707.518 Å
compared to previous studies (about 1.1 dex with respect to
Ghezzi et al. 2009) to reproduce the red part of the blend in
Arcturus, as this V i line has a small contribution in the Sun.
As another source of opacity is clearly missing in the Sun at
λ ≈ 6708.0 Å, we included an additional line as already assumed
in several previous works. Müller et al. (1975) first proposed
adding a Si i line with χe = 6.00 eV to match the solar spectrum
while later Mandell et al. (2004) independently tested the two
lines Ti i and Ti ii. We rejected the Ti contribution that clearly
overestimates the strength of the feature in Arcturus, whereas the
Si i line provided a satisfying fit for both reference stars. The fi-
nal fit between the observed solar and Arcturus spectra were very
good with a typical flux discrepancy equal to 0.07 and 0.23% per
pixel, respectively.

Based on this line list, a specific synthetic spectra
grid was computed using the MARCS atmosphere models
(Gustafsson et al. 2008) and the LTE TURBOSPECTRUM code
(Plez 2012). Five dimensions were considered for this grid:
Teff, log(g), [M/H], [α/Fe], and ALi

1. The ranges of the at-
mospheric parameters are those of the AMBRE grid, 3000 ≤
Teff ≤ 8000 K (in steps of 200 K below 4000 K and 250 K
above), +0 ≤ log(g) ≤ +5.5 cm s−2 (in steps of 0.5 cm s−2),
−5 ≤ [M/H] ≤ +1 dex (see Fig. 2 in de Laverny et al. 2012, for
more details on the steps in [M/H]), whereas the variation in ALi
ranges from −1 to +4 dex with a step of +0.2 dex (26 different
values of ALi).

The microturbulence velocity (ξ) was included in the grid
computation by adopting ξ varying as a function of Teff, log(g),
and [Fe/H] as adopted in the Gaia-ESO Survey (Bergemann
et al., in prep., based on ξ determinations from literature sam-
ples). The total number of synthetic spectra is 358 335, computed
on a wavelength range of 15 Å, centred on the lithium doublet

1 ALi = log ε(Li); both notations are in logarithmic scale of number of
atoms where log ε(H) = AH = 12.
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Table 1. Main atomic lines around the 7Li doublet.

Element Wavelength χe log g f
(Å) (eV)

Fe i 6707.070 5.273 –2.480
Fe i 6707.172 5.538 –2.600
Fe i 6707.431 4.608 –2.175

Sm ii 6707.473 0.933 –1.910
V i 6707.518 2.743 –0.800
Cr i 6707.596 4.208 –2.625
Li i 6707.756 0.000 –0.428
Li i 6707.768 0.000 –0.206
Li i 6707.907 0.000 –1.509
Li i 6707.908 0.000 –0.807
Li i 6707.919 0.000 –0.807
Li i 6707.920 0.000 –0.807
Si i 6708.023 6.000 –2.820
V i 6708.094 1.218 –2.810

Ce ii 6708.099 0.701 –2.120
Fe i 6708.282 4.988 –2.630
Fe i 6708.347 5.486 –2.506

Notes. Astrophysically calibrated log g f values are highlighted in
boldface.

at 6708 Å with a sampling of 0.004 Å and a spectral resolution
thatis higher than 150 000.

3.2. Preparing the set of synthetic and observed spectra

One of the main characteristics of our method is that we do
not synthesize on the fly model spectra to fit the observed spec-
trum. We interpolate the pre-computed 5D synthetic spectra grid
of Sect. 3.1 at the atmospheric parameters of the target derived
within the AMBRE project to prepare a small set of interpolated
synthetic spectra for a direct comparison with the observation.
These spectra are interpolated in a first step. This interpolating
spectra procedure allows us to derive abundances very quickly
for large sets of observations.

More precisely, we build a set of interpolated synthetic spec-
tra, composing a 1D grid S (ALi, λ) on the lithium abundance.
Practically speaking, a cubic interpolation of the 5D synthetic
spectra grid was performed at the four atmospheric parameters
of the observed star T?eff, log(g)?, [Fe/H]?, and [α/Fe]?, result-
ing in the 1D grid S (ALi, λ). As the variation in flux can be
non-linear, we performed a Catmull-Rom interpolation based on
Bézier curves. For a given lithium abundance of the 1D grid, the
corresponding synthetic interpolated spectrum is a combination
of 44 = 256 synthetic spectra because the four closest spectra in
each parameter dimension (Teff, log(g), [M/H], and [α/Fe]) are
considered and weighted.

For stars with parameters close to the edges of the synthetic
spectra grid, the 256 spectra are not systematically found and
a simple linear interpolation is carried out. Roughly half of the
AMBRE stars are interpolated linearly. The resulting 1D grid
S (ALi, λ) in lithium abundance at T?eff, log(g)?, [Fe/H]?, and
[α/Fe]? varies from −1 to +4 dex and is composed of 26 model
spectra.

Concerning the observed spectra O(λ), their resolution was
degraded to 40 000 considering an instrumental Gaussian pro-
file. This value was chosen as being the lowest spectral reso-
lution of the three spectrographs FEROS, UVES, and HARPS.
This allows us to analyse all the AMBRE spectra in a very homo-
geneous way. Respecting the Shannon theorem, we re-sampled
these spectra to a pixel size of 0.05 Å. We applied the same

Fig. 1. Observed spectrum (dashed line) of HD 140283 (top) and
HD 23030 (bottom) at R = 40 000. The corresponding 1D synthetic
spectra grid with lithium variations from −1 to 4 dex and a step of
0.2 dex, with the grid interpolated at the atmospheric parameters of both
stars, is shown in red.

convolution and re-sampling to the synthetic spectra grid. Then,
to put the spectra in the same rest frame, we performed the ra-
dial velocity correction with the value provided by the AMBRE
project.

Finally, an automatic adjustment of the continuum was per-
formed on the observed spectrum. For that purpose, we adopted
an interpolated spectrum at the atmospheric parameters of the
star. We removed the line features by σ-clipping, and a ratio be-
tween the synthetic flux and the observed flux is computed over
a spectral range of 15 Å, centred on the lithium doublet. This
ratio is consecutively fitted by a third order polynomial function,
σ-clipped, and then fitted a second time. Finally, the observed
spectra are divided by the polynomial fit to adjust their contin-
uum. This step was validated automatically by checking that the
normalization is consistent over a much broader spectral range
of 100 Å. Systematic errors on ALi determination due to auto-
matic continuum placement were not estimated, but should be
negligible, for example compared to the errors of the effective
temperature and taking into account that our sample is mainly
composed of high S/N spectra.

We show two typical examples of 1D grids and observed
spectra in Fig. 1, for HD 140283 and HD 23030, observed with
a S/N of 249 and 37, respectively.
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3.3. Derivation of the lithium abundances with GAUGUIN

From the 1D lithium grid S (ALi, λ) described above, we com-
pute a quadratic distance D(ALi, λ) between the observed spec-
trum O(λ) and each point of the grid S (ALi, λ) over a wavelength
range of 1.5 Å centred on the lithium doublet. The minimum of
D(ALi, λ) provides a first guess A0

Li of the solution, i.e. the clos-
est point of the grid. Then, this first guess is optimized via the
Gauss-Newton algorithm GAUGUIN (Bijaoui et al. 2012). For
that purpose, from S (ALi, λ), a synthetic spectrum is interpolated
at A0

Li and the correction computed by GAUGUIN is then

δALi = (JT J)−1JT [O(λ) − S (A0
Li, λ)], (1)

where J is the Jacobian matrix [∂S (A0
Li, λ))/∂ALi]. As the curve

of growth is highly non-linear with the abundance, the flux in
the lithium line varies non-linearly as well and the Catmull-Rom
interpolation is again used to build the interpolated flux and
derivatives. The algorithm stops when the distance is minimal
between the interpolated spectrum S (ALi, λ) and O(λ). A wave-
length range (large enough to safely measure the highest abun-
dances) of 1.5 Å centred on the lithium doublet is considered for
this operation. Upper limits are provided when the lithium fea-
ture is too weak with respect to the S/N of the spectrum. On the
other hand, we can detect lower limits for ALi ≥ 4 dex.

The simple application of GAUGUIN, which is basically
lower than 10 ms, is very fast for a single spectral line. This com-
pletely automatic procedure (including all the synthetic spectra
preparation described in Sect. 3.2) is fast and adapted for mas-
sive spectroscopic surveys. Basically, a single Li line abundance
can be derived in ≈1.5 s. The pipeline was implemented combin-
ing IDL and C++ languages.

The errors on ALi were estimated by propagating the er-
rors on the three atmospheric parameters

{
T?eff, log(g)?, [M/H]?

}
provided by AMBRE and summing them quadratically (see
Sect. 4 and Fig. 2). The error on the lithium measurement is dom-
inated by the error on the effective temperature. Furthermore,
we checked that a typical error of 1 km s−1 on the radial veloc-
ity leads to a negligible error on ALi. Also, by generating Sun
and Arcturus synthetic spectra for different values of ξ and ALi
from 1 to 3 dex (R = 40 000), we checked the impact of a pes-
simistic error on ξ of 1 km s−1 for the dwarfs and 2 km s−1 for
the giants. For the Sun, the error defined by eALi/ALi is largely
below 1% whatever the value of ALi and can thus be neglected
compared to the error contribution of the atmospheric parame-
ters. For Arcturus, the error is also low (4% at 2 dex and 5%
at 3 dex), which is well below the typical errors caused by the
other atmospheric parameters for the AMBRE giants. This ξ er-
ror contribution has thus been neglected in the derivation of the
total error.

Finally, we assume, for this lithium analysis, that all the tar-
gets are single stars since binary detection is not a part of the
AMBRE parametrization pipeline.

3.4. Non-LTE corrections of the AMBRE/Li abundances

As the AMBRE stellar sample and synthetic spectra grid cover
a wide range of atmospheric parameters, it is important to
take possible non-local thermodynamic equilibrium (NLTE) ef-
fects on the AMBRE/Li abundances into account. For that pur-
pose, we adopted the NLTE corrections presented by Lind et al.
(2009a) to estimate the corrections that we have to apply to
our Li measurements. For these NLTE corrections, we assumed
[M/H] = +0 dex for stars with [M/H] > 0 dex because the

dependence with [M/H] is low (K. Lind, priv. comm.). More-
over, we adopted the NLTE corrections at [M/H] = −3 dex for
the few metal-poor stars with [M/H] < −3 dex, as adopted for
example by Sbordone et al. (2010). We also did not publish the
NLTE corrections for stars outside of the Lind et al. ranges (2%
of the AMBRE catalogue), mostly when Teff < 4000 K. Finally,
for the most lithium-poor stars with ALi lower than the lowest
value of the Lind et al. LTE curve-of-growth (−0.3 dex, vari-
able with Teff), no corrections were computed; this subsample
represents 9% of the AMBRE catalogue. The resulting correc-
tions are presented in Sect. 4 (see Table 2, Col. 7) for 89% of the
AMBRE catalogue.

4. The AMBRE catalogue of lithium abundances

The AMBRE/Li catalogue is presented in Table 2. We first
looked for repeated observations separately in each of the UVES,
HARPS, and FEROS samples. For UVES and FEROS, we per-
formed a cross-match on the spectra coordinates with a radius of
2 and 10 arcsec on the sky, leading to remaining samples com-
posed of 1031, and 3526 stars, respectively. For a given star with
several spectra collected with the same spectrograph, we chose
the spectrum with the best atmospheric parameters in terms of
the AMBRE χ2 quality flag (see Worley et al. 2012), leading
to the best lithium measurement. For HARPS, as the number
of repeated spectra for a given star can be huge with different
target stars very close to each other, we adopted the sample of
4355 stars from Mikolaitis et al. (in prep.) based on a search of
both coordinates and atmospheric parameters differences. The
last step to merge these UVES, HARPS, and FEROS samples to-
gether was to identify stars possibly observed with two or three
spectrographs with a new coordinate cross-match on a radius of
10 arcsec. In this case, for a given star, we selected its spectrum
with the best parameters in terms of χ2 as explained above. The
final working AMBRE catalogue is then composed of 7821 stars,
subdivided into 3301 FEROS, 878 UVES, and 3642 HARPS
stars.

We are aware that the synthetic spectra grid was computed
with no rotation, assuming that the stars are slow rotators. In or-
der to estimate the impact of the rotation on the derived AM-
BRE/Li abundances, we artificially broadened solar and Arc-
turus synthetic spectra for different ALi values. Using typical
v sin(i) values lower than 10 km s−1 for Arcturus and 15 km s−1

for the Sun, the estimated errors on ALi are found to be lower
than errors due to the atmospheric parameters. We therefore
adopted these v sin(i) values as the largest acceptable values
to derive ALi. Thus, since AMBRE does not provide the ro-
tational velocity and only provides the FWHM of the cross-
correlation function (FWHMCCF), we looked for a relation be-
tween v sin(i) and FWHMCCF for the AMBRE spectra. First,
based on rotational velocities for stars from the FEROS sam-
ple (de Laverny et al. 2013a), we searched for a limit in terms
of FWHMCCF (that is sensitively correlated to v sin(i)) that was
valid over the whole atmospheric parameter range. We estab-
lished a limit at FWHMCCF = 20 km s−1 for FEROS targets. We
thus removed stars with higher FWHMCCF (320 stars, 10% of
the FEROS sample). Concerning the HARPS targets, showing
lower FWHMCCF because of the larger resolution, we applied
the same strategy as for FEROS, but based on v sin(i) estima-
tions from Mikolaitis et al. (in prep.). The established limit is
FWHMCCF = 15 km s−1 (removing then 150 stars, 4% of the
HARPS sample). For UVES stars, the FWHMCCF distribution
shows intermediate values between HARPS and FEROS. As we
do not have any v sin(i) determinations for these stars, we applied

A18, page 4 of 13



G. Guiglion et al.: Lithium in FGK stars

Table 2. Identifier, spectrograph (U = UVES, H = HARPS, F =
FEROS), lithium abundances, and NLTE-corrections (defined by
∆NETL = ANLTE

Li − ALTE
Li ) of the AMBRE catalogue of lithium

measurements.

TARGNAME Spectro ALTE
Li ∆NETL

(dex) (dex)
HD 162396 H +2.32 ± 0.08 –0.01
HD 199288 H +0.97 ± 0.09 +0.01
HD 90422 H +1.61 ± 0.08 –0.01
HD 128167 H <+1.40 –
HD 091324 H +1.95 ± 0.07 –0.01
HD 215257 H +2.27 ± 0.08 –0.03
HD 211998 H +1.20 ± 0.10 +0.03
... ... ... ...

a very pessimistic cut at FWHMCCF = 15 km s−1 (removing
then 79 stars, 9% of the UVES sample), as that adopted for the
higher HARPS spectra resolution. For all these rotating stars, we
decided not to publish their ALi abundance.

As a consequence, the AMBRE/Li catalogue finally contains
7272 stars2, i.e. ∼93% of the stars for which we derived ALi, sub-
divided into 2981 FEROS, 799 UVES, and 3492 HARPS stars.
Among these, 6479 stars have NLTE corrections. Up to now, this
catalogue is the largest ever created, and is more than one order
of magnitude larger than previous studies (Delgado Mena et al.
2014, 2015, 353 and 326 dwarf stars, respectively; Ramírez et al.
2012, 671 dwarf stars; Liu et al. 2014 378 giant stars). More-
over, this AMBRE/Li catalogue is perfectly homogeneous in
terms of atmospheric parameters and ALi determinations. The
lithium measurements and NLTE corrections of these 7272 stars
are presented in Table 2. Atmospheric parameters of the AM-
BRE/Li stars are available in Worley et al. (2012, 2016) and in
De Pascale et al. (2014).

Together with ALi, we also provide the errors on ALi in
Table 2. We show these errors on ALi in Fig. 2. We see that the er-
ror strongly increases for lower effective temperatures and tend
to be lower for metal-poor stars for which the determinations are
more robust (less blend). Almost 98% of the stars have an error
that is lower than 0.3 dex, while 40% of the sample (the hottest
one with Teff > 5500 K) have an error lower than 0.1 dex, which
is low enough for conducting a detailed scientific application of
our lithium measurements.

We also show in Fig. 3 the Hertzsprung-Russel diagram of
this AMBRE catalogue of lithium abundances for slow rotators.
Thanks to the binning in [M/H], we clearly see that the statistics
in each stellar population are high, from metal-poor to metal-rich
stars.

We present the behaviour of ANLTE
Li with Teff in Fig. 4. We see

that cooler stars exhibit lower lithium abundances probably be-
cause of their deeper convective zone leading to higher destruc-
tion of lithium (∼80% of the AMBRE sample is composed by
dwarf stars). We also observe a strong correlation between the
lower limits of lithium with the effective temperature. We can
understand this trend by considering that for a given S/N value,
the detectable lithium feature is stronger at lower temperatures.

Finally, we detected the presence of lithium-rich giants in the
AMBRE/Li catalogue. These stars will be studied in a work in
preparation.

2 Stars with close coordinates but different atmospheric parame-
ters were clearly tagged by adopting a different name in the AM-
BRE/Li catalogue.

Fig. 2. Errors on AETL
Li of the AMBRE catalogue of lithium measure-

ments (excluding upper limits), colour-coded in bins of [M/H].

5. Internal and external validation

5.1. Internal comparison between HARPS and UVES targets

Several stars from our catalogue have several abundances be-
cause these targets were originally observed by two spectro-
graphs (we selected the best spectrum between both as explained
before). This allows us to test the internal accuracy of our auto-
matic method. For that purpose, we selected stars observed both
with UVES and HARPS, resulting in a subsample of 117 dwarfs
and giants (only very few stars were observed with HARPS and
FEROS or UVES and FEROS, and we rejected these repeats be-
cause of insufficient statistics). This subsample covers a wide
range of parameters, i.e. 4500 < Teff < 6700 K, 2.5 < log(g) <
4.9 cm s−2, and −0.9 < [M/H] < +0.4 dex. We compared both
lithium abundances and upper limits (see Fig. 5).

On the one hand, we see that the 72 lithium measurements
are in a very good agreement between both spectrographs with
a mean difference of 0.05 dex and a standard deviation equal to
0.18 dex. This dispersion can be due to the standard deviation
of the difference of the AMBRE effective temperatures between
both spectrographs (107 K). The small bias can be related to the
biases in Teff and log(g), 17 K and −0.11 cm s−2, respectively
between both spectrographs. The bias in [M/H] is null. On the
other hand, we see that the 43 upper limits of HARPS are sys-
tematically higher than the UVES upper limits. This can be well
explained by the fact that, for this subsample, the average S/N of
HARPS targets is three times lower than for UVES; the detec-
tion limits are partly governed by the S/N values. We also have
two stars with lithium detection in UVES and upper limit with
HARPS and a good consistency is found between them. We then
conclude that our automatic method is robust since it is able to
recover with good precision the lithium abundances when a star
is observed by two different spectrographs.
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Fig. 3. Teff vs. log(g) for the AMBRE catalogue of lithium measurements colour-coded in bins of ALi (LTE). Filled and open circles correspond to
lithium detections and ALi > 4.2 dex, respectively. Upper limits are represented by orange “+” symbol.
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Fig. 4. ANLTE
Li vs. Teff with a colour-code in [M/H]. Upper and lower

limits are symbolized by downwards and upwards arrows, respectively.

5.2. Comparison with independent Li abundances

5.2.1. Ramírez et al. (2012)

We first compare the AMBRE LTE lithium values with those of
Ramírez et al. (2012) derived from UVES and HARPS spectra.
The AMBRE/Li catalogue contains 74 dwarf stars with spec-
tra already analysed by the authors, i.e. 11% of their sample.
The atmospheric parameters of these stars in common are within
5300 < Teff < 6300 K, 3.6 < log(g) < 4.7 cm s−2 and
−1.0 < [M/H] < +0.2 dex. Ramírez et al. (2012) also adopted
a different spectral synthesis code (MOOG2010; Sneden 1973)
together with a different line list to determine their lithium abun-
dances. The comparison of the derived lithium abundances is
shown in Fig. 6 (left panel) for 59 stars, excluding upper limits.
We see a good agreement between both studies with small bias
and dispersion of −0.04 and 0.16 dex, respectively. This disper-
sion can be well explained by the dispersions of the difference in
the adopted Teff, log(g) and [M/H] between both groups that we
estimated to be 95 K, 0.18 cm s−2 and 0.08 dex, respectively. We
also checked the measured upper limits of 25 stars and a very
good consistency is also found.

5.2.2. Delgado Mena et al. (2014)

We compare the AMBRE LTE lithium values with those derived
from HARPS spectra published by Delgado Mena et al. (2014).
The AMBRE/Li catalogue contains 194 stars with HARPS spec-
tra already analysed by Delgado Mena et al. (2014), i.e. 55%
of their sample. Apart from their line list, their adopted proce-
dure to derive the lithium abundances is very close to that of
Ramírez et al. (2012). The atmospheric parameters of these stars
in common are within 5600 < Teff < 5900 K, 3.6 < log(g) <
4.7 cm s−2 and −1.0 < [M/H] < +0.4 dex. The comparison of
the derived lithium abundances is shown in Fig. 6 (middle panel)
for 124 stars, excluding upper limits. We see a very good agree-
ment between both studies with no bias and a small dispersion

Fig. 5. Lithium abundances for a set of 117 dwarf and giant AMBRE
stars observed both with UVES and HARPS. Lithium detections are
shown in red, while upper limits are represented by blue and green ar-
rows. Mean difference and standard deviation for the lithium detections
are reported.

of 0.10 dex. This dispersion can be well explained by the dis-
persions of the difference in the adopted Teff, log(g) and [M/H]
between both groups that we estimated to be 62 K, 0.17 cm s−2

and 0.06 dex, respectively. We clearly see, however, that this dis-
persion increases for lower ALi values. At lower abundance and
fixed other parameters, the blends contribution to the line pro-
file starts to be stronger (particularly for cool stars) and a dif-
ferent blend treatment between both methods could explain such
higher dispersion. We also checked the measured upper limits of
70 stars and a very good consistency is found again.

5.2.3. Delgado Mena et al. (2015)

We finally compare the AMBRE LTE lithium values with those
of Delgado Mena et al. (2015) derived from HARPS spectra.
There are 200 hot stars, i.e. 61% of their sample. The atmo-
spheric parameters of these stars in common are within 5900 <
Teff < 6700 K, 3.5 < log(g) < 4.5 cm s−2, and −1.0 < [M/H] <
+0.4 dex. The comparison of the derived lithium abundances is
shown in Fig. 6 (right panel) for 179 stars, excluding upper lim-
its. We see a good agreement between both studies with a bias
of −0.11 dex and a small dispersion of 0.08 dex. This disper-
sion can be well explained by the dispersions of the difference
in the adopted Teff, log(g) and [M/H] between both groups that
we estimated to be, 78 K, 0.19 cm s−2 and 0.07 dex, respectively.
The bias in Teff is not constant and increases with Teff. We also
checked the measured upper limits of 21 stars and a very good
consistency is found.

5.3. Lithium abundance of the Gaia-benchmark stars

As an additional check of our automatic procedure, we iden-
tified several Gaia-benchmark stars (Jofré et al. 2014a) in the
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Fig. 6. Comparison between the LTE lithium abundances of the AMBRE/Li catalogue and the studies of Ramírez et al. (2012), Delgado Mena et al.
(2014), and Delgado Mena et al. (2015).

AMBRE/Li catalogue. This identification was performed with
the coordinates and TARGNAME identifier, resulting in 20 stars.
We also measured ALi for these same identified stars from the
AMBRE spectra, but adopted the atmospheric parameters pre-
sented by recent studies reporting lithium abundances. We em-
phasize the fact that the literature studies are characterized by
different spectral resolutions, S/N, atomic and molecular treat-
ment, and also different techniques (e.g. spectral fitting and
equivalent width analysis) for the abundance derivation. All
these facts can be responsible for most of the (small) differences
observed with respect to the literature. As presented in Fig. 7,
we clearly see in the left panel that the comparison with pub-
lished LTE lithium abundance is good. We measure a small bias
(defined as the mean difference) of 0.05 dex and a dispersion
σ = 0.23 dex that can easily be explained by the different atmo-
spheric parameters (and particularly Teff) adopted in AMBRE
and these literature studies. Indeed, when comparing the AM-
BRE/Li abundances with the lithium abundances derived using
the atmospheric parameters from the literature (middle panel),
the agreement becomes very satisfactory with no bias and a
smaller dispersion σ = 0.14 dex. Finally, when adopting the ef-
fective temperature and surface gravity of Heiter et al. (2015)
and metallicity of Jofré et al. (2014b), we see in Fig. 7 (right
panel) that the derived lithium values are once again consistent
with the AMBRE/Li abundances. The atmospheric parameters
that are derived by Heiter et al. (2015) and Jofré et al. (2014b)
are very similar to the independent determinations by the AM-
BRE project. These comparisons again confirm that the lithium
abundances of the AMBRE/Li catalogue are reliable for a scien-
tific exploitation.

6. Tracing the lithium evolution in the Milky Way

In this section, we propose to study the evolution of lithium
enrichment in the Milky Way using the AMBRE catalogue of
lithium abundances. We first investigate the stellar lithium con-
tent as a function of the metallicity used as a time tracer to con-
strain the abundance of the ISM in which they were formed.
Then, we study the lithium enrichment in both the galactic thin
and thick discs. To do this, we built a working sample from the
catalogue presented in Sect. 4, rejecting stars with upper and
lower limits in their lithium abundances. As we also want to
avoid any possible lithium abundance variations caused by stel-
lar evolution during the late stages, we only consider dwarf stars

(defined hereafter as log(g) ≥ 3.7 cm s−2). Finally, as the cata-
logue covers a wide range in effective temperature and metallic-
ity, we selected targets with available NLTE corrections to com-
pare the right lithium abundance correctly in a rather different
type of stars. As a result, our working sample is composed of
3077 stars with minimal and median S/N value of 15 and 82,
respectively.

6.1. Lithium evolution with the metallicity

The classical method to study the evolution of a chemical ele-
ment in the Milky Way is to study its behaviour with the metal-
licity, used as a proxy of age (at least for [M/H] < +0.0 dex).
The main problem with the study of the Galactic lithium evolu-
tion with metallicity is that lithium is depleted in stellar interiors
along the life of the star, and some Li production can even occur
at specific evolved stages and cannot be assumed to be repre-
sentative of the Li abundance of the ISM material from which
the star was formed. This phenomenon leads to a broad spread
in ALi whatever the metallicity. The metallicity in our catalogue
covers a broad range, from [M/H] = −3 dex for halo stars to
[M/H] = +0.5 dex for the richest disc stars. The goal of the
present section is to investigate the ISM lithium abundance vari-
ation along this wide metallicity range. To accomplish this, we
selected hot stars from the working sample with Teff > 5600 K
to reject the coolest dwarf stars with deeper convective zone
(higher lithium destruction), thereby creating a clean sample of
2310 stars.

6.1.1. The AMBRE stars of the Spite plateau

For more than three decades hot metal-poor stars have been
known to exhibit a rather constant lithium abundance with metal-
licity (ALi ∼ 2.2 dex; Spite & Spite 1982). This plateau was
first interpreted as the primordial lithium abundance, but since
the recent results of the Wilkinson Microwave Anisotropy Probe
(WMAP) mission, the lithium abundance of the Standard Big
Bang Nucleosynthesis (SBBN) has been revised to ALi ∼ 2.6 dex
(Spergel et al. 2003). This discrepancy is know as the lithium
problem, and several studies proposed different depletion mech-
anisms to explain such a difference, (e.g. Pinsonneault et al.
1999).

We present the NLTE lithium abundances of the 44 metal-
poor stars ([M/H] < −1.5 dex) of the clean sample in Fig. 8.
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Fig. 7. LTE lithium abundances for a set of 20 Gaia-benchmark stars. Left panel: literature abundances compared to the AMBRE/Li determina-
tions. Middle panel: lithium abundances derived from the AMBRE spectra and adopting the literature atmospheric parameters compared to the
AMBRE/Li determinations. Right panel: lithium abundances derived from the AMBRE spectra and adopting the Gaia benchmark stars (GBS)
atmospheric parameters compared to the AMBRE/Li determinations. Lithium abundances are shown in red, while upper limits are represented by
blue arrows. Mean differences and standard deviations for the lithium abundance are reported. Stars and references of the literature values are the
following: ε Eri, β Vir (Gonzalez et al. 2010); α Cen A, 18 Sco (Baumann et al. 2010); HD 22879 (Nissen & Schuster 2012); Sun (Grevesse et al.
2007); τ Cet (Takeda & Kawanomoto 2005); α Cen B (Chmielewski et al. 1992); µ Ara, δ Eri, β Hyi (Bruntt et al. 2010); Procyon, HD 49933
(Ramírez et al. 2012); HD 84937 (Lind et al. 2013); HD 140283 (Asplund et al. 2006); ε For (Lèbre et al. 1999); Arcturus (Reddy & Lambert
2005); ε Vir, α Tau (Mallik 1999); and HD 107328 (Brown et al. 1989).

Fig. 8. ANLTE
Li of the AMBRE/Li catalogue stars as a function of [M/H]

for [M/H] < −1.5 dex. We overplotted the typical SBBN and Spite
plateau lithium abundances in blue and magenta, respectively.

First, we clearly see that stars with −3.0 < [M/H] < −1.5 dex
show a rather constant lithium abundance (〈ALi〉 = 2.08 dex)
with a typical dispersion of 0.22 dex. We thus confirm that the
mean lithium abundance of the most metal-poor stars in the
Galaxy is lower by ∼0.4/0.5 dex with respect to the SBBN value.
Second, we found two stars with [M/H] < −3 dex and typical
lithium abundances that are much lower than the Spite plateau
(AAMBRE

Li = 1.81, 1.88 dex). These stars have already been
analysed by Sbordone et al. (2010) with the same UVES data
and our lithium abundances are consistent with these within
2σ errors (ASbordone

Li = 2.10, 1.65 dex). The differences between
the spectroscopic AMBRE Teff and the photometric tempera-
tures of Sbordone et al. (2010) are −413 K and +528 K, respec-
tively, and can explain such differences in abundances. A rea-
son why these stars show lower lithium abundances compared to
the Spite plateau could be that they suffered from a subsequent
lithium depletion, as proposed by Sbordone et al. (2010). Also,
we find three stars with lithium abundances that are higher that
ALi > 2.5 dex (AAMBRE

Li = 2.54, 2.51, 2.56 dex). These targets
were already observed by Lind et al. (2009b) and our lithium

abundances are consistent with these targets within 2σ errors
(ALind

Li 2.31, 2.19, 2.16 dex). The differences between the AM-
BRE Teff and the photometric Teff of Lind et al. (2009b) are
+567 K, +361 K, and +407 K, respectively, and can again ex-
plain such differences in abundances. Lind et al. (2009b) used
GIRAFFE/HR15 data (R ∼ 19 200) contrary to UVES data in
our study.

6.1.2. ISM lithium abundance vs. [M/H]

As emphasized previously, lithium depletion mechanisms seem
to occur at all metallicities, especially for [M/H] > −1.5 dex.
To study the lithium abundance in the ISM, one has to consider
the upper envelope of the lithium distribution that reflects the
initial condition of the ISM to a greater extent, i.e. stars with
no lithium depletion. For that purpose, we followed the same
approach as Lambert & Reddy (2004) and Delgado Mena et al.
(2015). We regularly binned the data of the clean sample with
a step ∆[M/H] = +0.10 dex for the range −1 ≤ [M/H] ≤
+0.5 dex to trace ALi as a function of the metallicity. We also
considered two bins with ∆[M/H] = +0.20 dex on the domain
−1.4 < [M/H] < −1.0 dex. This final subsample consists of a
total of 2264 stars. Errors on lithium abundances are typically
0.1 dex. For all the metallicity bins, we then chose the six stars
with the highest NLTE abundance in lithium and computed their
mean ALi. We adopted this amount of stars per bin as in previous
studies, but we confirm that our results are robust when select-
ing 4, 6, or 8 stars. For a given bin, the error bar is finally given
by the standard deviation of the 6 ALi measurements. The AM-
BRE relation shown in Fig. 9 is stable with both the metallicity
binning and the cut in Teff and log(g). We also emphasize the fact
that it is the first time that this type of study is carried out with
such a large statistical sample size and a perfectly homogeneous
catalogue over a very wide metallicity range.

It can be seen in Fig. 9 that for [M/H] < −1 dex, the AM-
BRE relation is consistent with the Spite plateau, as with the
point of Lambert & Reddy (2004). However, the three points
from Delgado Mena et al. (2015) show a strong disagreement
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Fig. 9. Mean lithium value for the 6 stars with the highest lithium abundance in each metallicity bin as a function of the metallicity. The AM-
BRE relation is shown in black, while the relation of Lambert & Reddy (2004) and Delgado Mena et al. (2015) are overplotted in green and
blue, respectively. We overplotted in black all the AMBRE individual lithium measurements used to build the black curve together with the solar
meteoritic lithium abundance.

with our data, probably because their last two bins are composed
of only one star (see their Fig. 5). Moreover, we clearly mea-
sure an increase of the maximum lithium abundance in the range
−1.0 . [M/H] . +0.1 dex, reaching ALi = 3.16 dex in the do-
main +0.0 ≤ [M/H] ≤ +0.1 dex, which is close to the meteoritic
abundance value. It can be seen that our AMBRE curve is in a
rather good agreement with Lambert & Reddy (2004), while the
relation of Delgado Mena et al. (2015) is systematically lower,
possibly due to sample selection effects. At super-solar metal-
licity, the maximum lithium abundance decreases clearly by a
factor 0.55 dex in the range +0.00 < [M/H] < +0.50 dex. We
are confident with this behaviour since it is constrained by five
data points.

For [M/H] > +0.0 dex, we visually checked that the qual-
ity of the fit between the observed and synthetic spectrum is
good for the six stars with the highest lithium abundance in each
metallicity bin. The average Teff of these six richest stars tends
to increase with the metallicity, so that in this situation internal
destruction of lithium does not seem to be the reason for the de-
crease. In addition, the errors in Teff and ALi tend to decrease
with the metallicity, while for [M/H] the average error is very
constant.

Several Galactic chemical evolution models (GCE) tried to
reproduce the rise of lithium with metallicity by considering
the contributions of several sources: spallation by GCC, the ν-
process by the core-collapse supernovae (CCSN), novae, low-
mass giants and AGB stars, starting from a primordial lithium
value (SBBN, ALi = 2.6 dex). Fields & Olive (1999) developed
a GCE, considering only the GCC and CCSN contributions;
the model cannot fit the meteoritic lithium abundance because
the author did not include stellar sources. Later, Romano et al.
(2001) proposed a model with the five previously quoted sources
and a dominant low-mass star contribution that fits the mete-
oritic value rather well. The same year Travaglio et al. (2001)

concluded that the major contribution comes from AGBs, while
the role of low-mass giants, novae, and CCSNs is weak. Carbon-
rich AGB stars were proposed by Alibés et al. (2002) as the main
source of lithium at [M/H] > −0.5 dex.

More recently, Prantzos (2012) provided a new GCE model
for the light elements Li, Be, and B, considering all possi-
ble sources of lithium: SBBN, AGBs, low-mass giants, novae,
GCRs, and CCSN. He found that i) the two best-known sources
of Li, namely SBBN and GCR, can provide about 10% and 20%
of the solar Li, respectively, leaving the remaining 70% for a
stellar source; and ii) current yields from all the aforementioned
stellar sources fail to provide the remaining amount by factors
∼5−10, thus calling for a considerable reassessment of Li pro-
duction in stars. He also argued that the uncertainties in stel-
lar Li yields and the amount of Li depletion in stellar envelopes
make it difficult to make any meaningful comparison between
GCE models and Li observations.

The behaviour of ALi at supersolar metallicities reported
here, namely its decrease for [M/H] > +0.0 dex, is not repro-
duced by the aforementioned models with the possible excep-
tion of Fields & Olive (1999). However, that model neglected
the main stellar sources of Li, thus failing to reproduce the so-
lar Li value, and the reasons for the obtained decrease is not
clear. The Li decrease revealed by the AMBRE/Li data analy-
sis is unique (no other element, besides D, displays a decreas-
ing abundance) and requires further investigation on theoretical
grounds and an independent observational confirmation.

6.2. Lithium in the thin and thick discs

It is now well established that the Milky Way disc has two major
components. Indeed, the presence of a thin and thick disc has
been revealed by many methods, for example by stellar counts
(Gilmore & Reid 1983), dynamically (Bensby et al. 2014) and
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chemically by [α/Fe] ratio abundances (e.g. Adibekyan et al.
2011; Recio-Blanco et al. 2014), suggesting at least two dif-
ferent evolutionary paths in the history of the Milky Way disc
formation.

In this context, two recent works attempted to study both
discs in order to detect a possible distinct chemical lithium evo-
lution in the thin and thick discs. Ramírez et al. (2012) observed
that the thin disc stars show a rather high lithium content, marked
by an enrichment in ALi with increasing [M/H], while the max-
imum thick disc lithium abundances are constant with [M/H]
and very close to the Spite plateau. By decomposing the thin
disc in age slices3, Ramírez et al. (2012) also showed that the
lithium abundance envelope of the thin disc is in continuity with
that observed in the thick disc. These authors applied a kine-
matical criteria to separate thin and thick stars. In a more re-
cent work, Delgado Mena et al. (2015) proposed that the thick
disc lithium abundances decrease with increasing metallicity in
contrast with Ramírez et al. (2012), while the thin disc shows
higher lithium content than the thick disc (as already revealed by
Ramírez et al. 2012). Delgado Mena et al. (2015) disentangled
both discs thanks to the kinematical criteria of Ramírez et al.
(2012), as well as by searching for gaps in the [α/Fe] distri-
bution for a given metallicity range. Delgado Mena et al. (2015)
concluded that these two thin to thick disc separations do not
influence their results.

We used the AMBRE/Li catalogue to search for a possi-
ble distinction in lithium between both Galactic discs. The high
statistics and homogeneity of this catalogue offer a good oppor-
tunity to perform such an analysis. In contrast to the two previous
quoted studies, we are able to provide a new view on this prob-
lem. In order to chemically separate thin to thick disc stars, we
built a clean sample from the working sample presented at the
beginning of this section, composed of stars with the best atmo-
spheric parameters, i.e. QUALITY_FLAG = 0 and S/N > 150
to establish a robust chemical separation. We also rejected stars
with [M/H] ≤ −1.25 dex that are probably halo members and
weakly representative of the thin and hick discs in terms of
metallicity. The resulting clean sample is composed of 363 very
well parametrized stars. It is used to define our methodology for
the thin/thick disc classification.

We used the [α/Fe] ratio and [M/H] provided by the AM-
BRE project to disentangle the two discs. We followed the
same procedure as in Guiglion et al. (2015). We decomposed
the [M/H] distribution of our clean sample in metallicity bins,
searching visually for gaps in the corresponding [α/Fe] dis-
tribution. We were able to separate two components between
−1.1 ≤ [M/H] ≤ −0.15 dex. We linearly fitted these gaps to
separate high-[α/Fe] stars (thick disc with −1.25 ≤ [M/H] ≤
−0.15 dex) from low-[α/Fe] stars (thin disc with −1.25 ≤
[M/H] ≤ −0.50 dex), following an extrapolated separation on
the domain −1.25 ≤ [M/H] ≤ +0.50, as shown in Fig. 10. Metal-
rich α-rich stars with [M/H] > −0.15 dex and [α/Fe] above the
separation were rejected because they are too metal-rich com-
pared to the classical definition of the thick disc. We finally ap-
plied this separation to the whole working sample on the same
metallicity domain (3009 stars, 89% thin disc, 7% thick disc, and
4% metal-rich α-rich stars). The thick disc stars are in the minor-
ity compared to the thin disc stars; this is probably because the
AMBRE content of the ESO archive is not optimized to target
thick disc stars as for example in the Gaia-ESO Survey.

3 Ramírez et al. (2012) determined the ages thanks to an isochrone fit-
ting method and distances from Hipparcos parallaxes.

Fig. 10. [α/Fe] ratio as a function of [M/H] of the AMBRE/Li stars for
the working sample (3009 stars). The full magenta line shows the thin to
thick disc separation. The magenta dashed line shows the extrapolated
separation for [M/H] > −0.15 dex. The thin disc stars are colour-coded
in blue, while thick disc members are in red. The metal-rich α-rich stars
are shown in green.

Based on this thin to thick disc characterization, the lithium
content in each disc is shown in Fig. 11, for the working sample.

– The AMBRE thick disc stars exhibit lower abundances of
lithium than those in the thin disc and the highest lithium
abundances seem to increase slightly with [M/H], around
ALi ∼ 2−2.2 dex. In addition, the normalized distribution
of ALi in the thick disc clearly shows two peaks at ∼2.2
and ∼1.2 dex, respectively. The higher value seems to cor-
respond to an extension of the Spite plateau, while the lower
value is certainly due to internal lithium destruction. Our re-
sults for the thick disc are slightly different from the study
of Ramírez et al. (2012) described earlier and contradict the
decrease of lithium with [M/H] in the thick disc shown by
Delgado Mena et al. (2015).

– As shown in Fig. 11, the lithium abundance for the thin disc
stars increases with metallicity, reaching the highest values
around solar metallicity and decreases at super-solar metal-
licity (as already noted in Sect. 6.1). The normalized ALi dis-
tribution of the thin disc is characterized by a single peak
(ALi ∼ 2.5 dex) with a tail towards lower ALi. The rise of the
upper lithium envelope of the thin disc is in agreement with
Ramírez et al. (2012) (as shown in the Fig. 11), while we
confirm the decrease of ALi at super-solar metallicity, sug-
gested in data from Delgado Mena et al. (2015).

We also observe that the lithium abundance distribution of the
metal-rich α-rich stars has a peak at ALi ∼ 3 dex, with a tail
extending to lower lithium abundances. The higher peak com-
pared to the thin and thick disc could indicate a different ISM
enrichment history. In addition, a link with the Galactic bulge
is not obvious because of numerous stars with ALi > 2.5 dex,
compared to bulge studies pointing out stars with ALi < 2.5 dex
(Pompéia et al. 2002; Barbuy et al. 2010).

Our study is based on a thin to thick disc separation us-
ing a chemical criterion in contrast to Ramírez et al. (2012)
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Fig. 11. ANLTE
Li as a function of [M/H] (left) and its normalized distribution (centre) of the AMBRE/LI stars for the working sample. The thin disc

stars are plotted in blue, thick disc members in red and metal-rich α-rich stars in green. The upper envelope of both discs from Ramírez et al.
(2012) are shown as dashed lines (bottom, left). We also show ANLTE

Li vs. [α/Fe] in the right panel (Spearman’s rank correlation coefficient equal
to −0.03 and −0.04 for the thin and the thick disc, respectively).

who applied a dynamical selection. Moreover, as suggested by
Ramírez et al. (2012), we emphasize the fact that these results
can suffer from biases in ages, masses, and metallicity between
both discs, and then show different degrees of lithium depletion
or atomic diffusion, instead of real lithium enrichment. However,
the agreement is real between both studies.

In Fig. 11 (right panel), it can be suggested that in the thick
disc, the upper envelope of the stellar lithium content is cor-
related with the [α/Fe]. As the [α/Fe] ratio is well correlated
with the age in the thick disc (see for example Haywood et al.
2013), we directly see the evolution of lithium with time. On the
other hand, no clear trend of ALi is observed in the thin disc with
[α/Fe].

From the Galactic chemical evolution point of view, our find-
ing confirms that the ISM where the thick disc stars were formed
has not been significantly enriched from the Spite plateau abun-
dance value (ALi ∼ 2.2 dex). In the model of Prantzos (2012,
see e.g. Fig. 16 of that work), the ISM has been weakly enriched
by CCSNs and GCRs at low metallicity ([M/H] < −0.6 dex),
whereas low-mass stars are able to enrich sensitively the ISM
only at higher metallicity ([M/H] > −0.6 dex), corresponding
to the thin disc phase. However, the observed double-branch
behaviour of Li cannot be interpreted in the framework of
the simple 1-zone model of Prantzos (2012) or other previous
GCE models. For the moment, we can only infer that the low-
mass stellar sources of Li have only played a key role in the
ISM enrichment of the thin disc.

Finally, we repeated the analysis presented in Sect. 6.1 to
investigate the lithium content of the ISM in which the thin and
thick disc were formed. We removed the stars with Teff < 5600 K
as in Sect. 6.1, leading to fewer stars compared to Fig. 11. We
show our results in Fig. 12. While the thick disc shows a slightly
increasing maximum abundance in spite of the cut in Teff, the thin
disc shows a typical increase of lithium abundance with [M/H]
to lithium meteoritic abundance at solar metallicity. The impor-
tant highlight is that we are able to show the lithium decrease at
super-solar metallicities in the thin disc. The two distinct rela-
tions in the thin and thick disc indicate then that both discs are
characterized by two distinct lithium enrichments.

Recent chemical evolution models manage to produce a
“thick disc” (older than ∼8−9 Gyr) through radial migration of
stars from the inner disc. This leads naturally to two branches
in the [O/Fe] − [Fe/H] space corresponding to the observa-
tions of the thin and the thick disc (e.g. Schönrich & Binney
2009; Minchev et al. 2013; Kubryk et al. 2015). Work is now
in progress to study the lithium evolution of the thin and thick

Fig. 12. Same figure as Fig. 9, but taking into account the thin (in blue)
to thick (in red) characterization.

discs in the framework of the model of Kubryk et al. (2015),
but lithium destruction and atomic diffusion in stellar interiors
makes the situation more complex than for oxygen (Prantzos
et al., in prep.).

7. Summary

Produced during the Big Bang, in stars, and in the ISM, lithium
can also be easily burnt in stellar interiors. This chemical species
therefore shows a great interest when one tries to understand its
chemical evolution in our Galaxy, the Milky Way.

In order to understand its chemical evolution history, we built
a homogeneous catalogue of lithium abundance composed of
7300 stars and based on high-resolution FEROS, HARPS, and
UVES spectra parametrized within the AMBRE project. We per-
formed a fast automatic determination of lithium abundances by
coupling a synthetic spectra grid and the Gauss-Newton algo-
rithm GAUGUIN. It is the first time that such a massive cata-
logue is built in a very homogeneous way compared to previous
studies based on few hundreds of stars.

The AMBRE/Li catalogue covers a large domain in metal-
licity and evolutionary stages. These derived lithium abundances
were validated by comparison with independent and recent liter-
ature values based on HARPS spectra. An additional check for
the Gaia benchmark stars was also performed. From this large
and unique data set, we studied the lithium content in the Milky
Way together with its temporal evolution.
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First, based on a subsample of 2310 dwarf stars, we showed
that the ISM lithium abundance increases by ∼1 dex over the
domain −1.0 ≤ [M/H] ≤ +0.0 dex. This result is qualitatively
in agreement with chemical evolution models of lithium in the
Milky Way (Romano et al. 2001; Prantzos 2012). We also find a
singular behaviour for lithium, whose ISM abundance decreases
by about 0.5 dex at super-solar metallicities (+0.0 ≤ [M/H] ≤
+0.5 dex). This behaviour is not predicted by current models.

Using a robust chemical separation, based on the enrichment
on α elements with respect to iron, in our sample we identified
stars as members of the thin and thick discs or members of a
group of metal-rich α-rich stars. We found that the thick disc
stars suffered a low chemical enrichment, showing lithium abun-
dances that are rather close to the Spite plateau. Nevertheless,
the close thin disc stars clearly show a strong increase of their
lithium content with metallicity, probably due to the contribu-
tion of low-mass stars. We concluded that the thin and thick discs
clearly show two distinct lithium enrichment histories.
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