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Abstract. We present a new grid of about 17 000 synthetic spectra that
have been computed for the AMBRE project. AMBRE consists in the au-
tomatic determination of the stellar atmospheric parameters for ∼300 000
archived spectra of four ESO spectrographs (FEROS, UVES, HARPS, GI-
RAFFE). The AMBRE spectra are based on MARCS model atmospheres
and cover the whole optical domain from 3 000 to 12 000 Å with a con-
stant wavelength step of 0.01 Å. The best available atomic and molecular
linelists have been considered. Stellar parameters cover the ranges 2 500-
8 000 K in effective temperature (Teff), -0.5 to 5.5 dex in logarithm surface
gravity (log(g)) and -5.0 to +1.0 dex in mean stellar metallicity ([M/H]).
Furthermore, variations in the [α/Fe] enrichment have been considered
(from -0.4 to +0.4 dex around the standard values). All these spectra are
made available to the community upon request to the author and part of this
grid is also included into the POLLUX database.

Keywords : stars: atmospheres - astronomical data bases: miscellaneous -
stars: fundamental parameters - surveys

1. Introduction

The AMBRE project, defined between the Observatoire de la Côte d’Azur (OCA) and
the European Southern Observatory (ESO) has several goals:

• Perform the first automatic determination of the stellar atmospheric parameters
(Teff , log(g), [M/H]) together with the enrichment in α-elements ([α/Fe] index)
of the FEROS, HARPS, UVES and GIRAFFE archived spectra.
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• Make publicly available this parametrisation of more than 300 000 spectra through
the ESO archive.

• Test on a very large amount of observed spectra the performances of parametri-
sation algorithms such as MATISSE (Recio-Blanco et al. 2006) or DEGAS
(Kordopatis et al. 2011). These algorithms have been developed over the years
by our group at OCA for the analysis of the Radial Velocity Spectrometer (RVS)
data collected by the ESA/Gaia mission.

• Construct chemo-physical maps of the Galaxy based on very homogeneous data
to perform galactic archaeology studies in order to constrain the formation and
evolution scenarios of the Milky Way.

We refer the reader to de Laverny et al. (2012) and Worley et al. (2012) for a detailed
description of the AMBRE project. The complete analysis of the FEROS spectra is
presented in Worley et al. (2012) and the associated stellar parameters are under de-
livery to ESO (Phase 3 of ESO/External Data Products: Integration into the archive).
The analysis of the UVES and HARPS spectra should be finished in the first half of
2012 and we expect to end the parametrisation of the FLAMES spectra later in 2012.
These analysis rely on the comparison of the observed spectra with synthetic ones.
The first step of the AMBRE project was thus to compute a large grid of stellar syn-
thetic spectra. This grid is shortly presented in this contribution and a more detailed
description can be found in de Laverny et al. (2012).

The AMBRE grid of synthetic spectra

The AMBRE project is primarily devoted to the analysis of stars with FGKM spec-
tral types. We, therefore, based our spectrum calculation on the last generation of
MARCS model atmospheres presented in Gustafsson et al. (2008). The spectra were
computed with the Turbospectrum code for spectral synthesis (Alvarez & Plez, 1998,
with subsequent improvements through the years by B. Plez). This code uses the
same routines and input data as the MARCS code. It assumes one-dimensional plane-
parallel or spherical geometry (depending on the gravity), hydrostatic and local ther-
modynamic equilibria. Convection is treated following the mixing-length theory.

A very huge number of lines for hydrogen, metals, and molecules covering the
3 000-12 000 Å spectral range were considered in the spectrum calculations. Atomic
line data (only from neutral or singly ionised atoms) were recovered from the Vienna
Atomic Line Database (Kupka et al. 1999). A total of about 215 000 atomic lines
from 76 neutral metals and 60 singly ionised metals were considered. No correc-
tion or astrophysical calibration of the atomic data were performed and the adopted
line broadening and damping constants are consistent with those of Gustafsson et al.
(2008). The considered molecules are CH, NH, OH, MgH, SiH, CaH, FeH, C2, CN,
TiO, VO, and ZrO with their corresponding isotopic variations. In total, 41 different
species consisting of more than 20 millions molecular lines were taken into account.
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Figure 1. Distribution of the AMBRE synthetic spectra grid in the atmospheric parameters
and [α/Fe] space. Only one value of [α/Fe] for every [M/H] was adopted during the model
atmosphere selection process. Therefore, some spectra have been computed from slightly in-
consistent model atmosphere. This assumption is discussed in de Laverny et al. (2012).

These molecular line lists have been compiled by B. Plez and are identical to those
used by Gustafsson et al. (2008).

3 358 MARCS model atmospheres with the following stellar parameters were
selected (see Fig. 1). They consists in 2 115 models with Teff≥4000 K and 1 243
models with Teff<4000 K (a few models are missing since all the combinations of the
atmospheric parameters were not available):

• The effective temperature (Teff) varies between 2 500 K and 8 000 K (step of
200 K below 4 000 K and 250 K above).
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• The stellar surface gravity (log(g)) covers the range from -0.5 to 5.5 dex (step
of 0.5 dex), g in units of cm/s2.

• The mean metallicity ([M/H]) range from -5.0 to +1.0, spanning 15 different
values. [M/H] refers to solar scaled abundances of all elements heavier than
He.

• The abundance of the α-elements with respect to iron ([α/Fe]) is consistent with
the chemical properties of most of the galactic stars, i.e. [α/Fe]= 0.0 for [M/H]≥
0.0, [α/Fe]= +0.4 for [M/H]≤ -1.0 and [α/Fe]= -0.4 × [M/H] for -1.0 ≤ [M/H]≤
0.0. The chemical species O, Ne, Mg, Si, S, Ar, Ca, and Ti are considered as
α-elements.

• Mass-less plane-parallel models have been considered for +3.5 ≤ log(g)≤ +5.5
with a microturbulent-velocity parameter set to 1.0 km/s. Spherical geome-
try has been adopted when log(g)≤ 3.0 together with a mass of 1.0 M� and a
microturbulence parameter of 2.0 km/s

From these selected MARCS model atmospheres, we computed the AMBRE grid
that consists of 16 783 flux normalised and absolute-flux spectra (10 575 spectra have
Teff≥ 4 000 K and 6 208 have Teff< 4 000 K) by assuming the solar chemical composi-
tion of Grevesse et al. (2007). Five different [α/Fe] values have been adopted for any
selected MARCS model (from -0.4 to +0.4 dex, step of 0.2 dex, around the canonical
values). Therefore, for some spectra, chemical abundances slightly inconsistent with
those of the model atmosphere structure were adopted. This assumption is discussed
in de Laverny et al. (2012). It is shown that about 90% of the provided spectra,
including those spectra with extreme [α/Fe] values that have been computed from
non-consistent model atmospheres, can be safely adopted for any use under these cri-
teria: (i) the considered [α/Fe] ratios differ at maximum by ±0.2 dex between the
model atmosphere and the spectral synthesis, (ii) high Teff (≥∼4 250 K) and larger
∆[α/Fe] values, or (iii) the most metal-poor stars for any value of ∆[α/Fe]. However,
when ∆[α/Fe]=±0.4 dex and Teff < ∼4 250 K, the spectra should be considered more
cautiously.

The AMBRE grid covers the wavelength range between 3 000 and 12 000 Å with
a constant wavelength step of 0.01 Å (900 000 pixels in total). This spectral sampling
corresponds to an equivalent resolving power (R = λ/∆λ) larger than 150 000 in
the ultraviolet/blue spectral domain to ∼ 600 000 in the near infrared region. These
synthetic spectra are given in absolute surface flux at each wavelength bin (in units of
erg/cm2/s1/Å) and in normalised flux, relative to the local continuum flux (no units).

Discussion

The contribution of the different chemical species to the total opacity has been stud-
ied by considering separately the different linelists (see de Laverny et al., 2012 for a
more detailed description). We considered in Fig. 2 different types of stars (hot and
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Figure 2. Normalised spectra computed by considering only one chemical specie (all atoms or
individual molecules) in the synthesis. This illustrates the relative contribution to the total flux
from the atoms and each molecule for metal-rich stars with solar α-enrichment ([M/H]= +0.5 &
[α/Fe]= 0.0). Examples are shown for a solar type star (Teff= 5750 K & log(g)= 4.5; top panel)
and a cool dwarf star (Teff= 4250 K & log(g)= 4.5; bottom panel). To ease the comparison,
molecules are grouped with respect to their carbon-rich (C2, CN and CH) or α-rich (TiO, ZrO,
MgH, CaH, SiH and OH) nature.
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Figure 2. (continued). Example of a very cool dwarf star (Teff= 3000 K & log(g)= 4.5; top
panel) and a cool giant star (Teff= 4250 K, log(g)= 2.0; bottom panel).
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Figure 3. Same as Fig. 2 for typical metal-rich giant stars observed towards the galactic bulge
with two different α-enhancements. Top panel: [α/Fe]=+0.0 as detected in some bulge direc-
tions and in the galactic thin disk. Bottom panel: differences with respect to a bulge component
spectrum having [α/Fe]=+0.4. The other atmospheric parameters are Teff= 4250 K, log(g)= 2.0
and [M/H]= 0.0.
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Figure 4. Same as Fig. 3 for typical metal-poor giant stars of the galactic halo with two different
α-enhancements. Top panel: [α/Fe]=+0.0 as detected in halo giants probably originating from
accreted dwarf galaxy satellites. Bottom panel: differences with respect to a giant spectrum
having [α/Fe]=+0.4 as measured in halo stars formed in-situ. The other atmospheric parameters
are Teff= 4250 K, log(g)= 2.0 and [M/H]= -1.5.
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cool dwarfs, cool giant) that are slightly enriched in metals ([M/H]= + 0.5) in order
to enhance the different contributions. It can be seen that the atomic lines are the
dominant source of line opacity for dwarf and giant stars hotter than ∼4 000 K. Mole-
cules become the strongest contributors for cooler stars. At very cool temperatures
for dwarf stars, the molecular contribution is then dominated by molecules composed
of α-elements (TiO, ZrO, VO, MgH, CaH, SiH and OH). On the contrary, cool giant
spectra are more dominated by carbon-rich molecules than their dwarf counterparts
with similar effective temperatures.

We have also examined the relative contributions of atomic and molecular lines
for two typical giant stars of the galactic bulge and halo (Fig. 3 & 4). We have com-
puted spectra with similar atmospheric parameters (Teff , log(g), [M/H]) and different
α-enrichments. For a metal-rich ([M/H]= 0.0) giant of the bulge with [α/Fe]=+0.4
and of a typical disk giant ([α/Fe]= +0.0) (Fig.3), it can be seen that differences as
large as 10-20% in relative flux are found for the atomic lines and most molecular
lines. These differences affect almost any spectral domain, even those dominated by
non-α-rich molecules. Furthermore, metallic lines (except those of α-elements) and
FeH, NH or carbon-rich molecular lines appear stronger in the [α/Fe]= +0.0 spectrum.
In other words, several lines of non α-elements appear weaker in the α-enhanced spec-
tra. The comparison of the two halo giant spectra ([M/H]= -1.5) shown in Fig. 4 show
that the main differences between both spectra are found for the atomic lines and those
of FeH, NH, CH and C2 whereas the OH, SiH and MgH lines appear much stronger
for [α/Fe]= +0.4. Furthermore, the TiO contribution to the total line opacity does not
change between both spectra. It can be concluded from these studies that the inte-
grated spectrum of galactic components is very dependent on the distribution of the
[α/Fe] ratios of their member stars.

Finally, we want to emphasise that this AMBRE grid of about 17 000 synthetic
spectra covering the FGKM spectral types is offered to the whole astronomical com-
munity. It can be recovered upon request to the author. Each spectrum (relative and
absolute fluxes) can be obtained individually in FITS format (3.6Mb each). The whole
grid (16 783 spectra) has a total size of ∼60Mb. Furthermore, a large part of this grid
has also been made publicly available through the POLLUX database (Palacios et
al., 2010). Every AMBRE spectrum with 5 000 ≤ Teff≤ 8 000 K can presently be re-
covered from the POLLUX website (http://pollux.graal.univ-montp2.fr/) that contains
7 940 AMBRE spectra, i.e. about 50% of the whole grid.
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