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Synthetic stellar libraries for Gaia
R. Sordo∗
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Abstract. A large database of synthetic stellar libraries has been collected
for the Gaia mission. I will present the libraries in the context of their usage
in APSIS, the system of algorithms developed to deal with the automated
classification and parameter determination of the observed sources.
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1. Gaia is here
The actual launch of the ESA’s Gaia mission (Perryman et al. 2001) is approaching,
due to 20 December 2013. In its 5 year lifetime, Gaia will continuously scan the
sky, obtaining accurate magnitudes, positions, parallaxes and proper motions for 109
sources all over the sky, up to magnitude G=20 (V=20-22). 99 % of these sources
will be stars in our Galaxy. For all stellar sources, the atmospheric parameters (Teff ,
log g, [Fe/H]) will be part of the final catalog, together with the measure of the lineof-sight extinction. This will be achieved using the low resolution spectra measured
by the BP/RP spectrograph (300−1100 nm, 13−85 nm/pix), together with the higher
resolution spectra provided by the Radial Velocity Spectrometer (RVS , RP ∼ 11 500,
for G < 16.5). For more details on Gaia, see de Bruijne (2012)

2. APSIS
Automated algorithms will deal with the complex task of the object-by-object characterization and parameter determination. To this purpose, an Astrophysical Parameters
Inference System (APSIS) has been developed over the years by a large community.
APSIS represent a very complex and interconnected framework, consisting of several
modules, and is capable to :
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Table 1. Synthetic stellar libraries used to simulate BP/RP and RVS spectra.
Name
OB stars
Ap/Bp stars
A stars
Marcs
Phoenix
Phoenix -AGSS
Phoenix -CIFIST
UCD
C stars
Be
WR
WD
Marcs RVS
SDSS Stars
3D models

Teff (K)
15000−50000
7000−16000
6000−16000
2800−8000
3000−10000
8000−15000
2400−20000
400−4000
4000−8000
15000−25000
25000−51000
6000−90000
2800−8000
3750−10000
4500−6500

log g
1.0−5.0
4.0
2.5−4.5
−0.5−5.5
−0.5−5.5
2.−4.5
−0.5−6.
−0.5−5.5
0.0−5.0
4.0
2.8−4.0
7.0−9.0
−0.5−5.5
0.0−5.5
2.0−50

[Fe/H]
−5.0−1.0
+0.0
−1.5−+0.5
−5.0−1.0
−2.5−0.5
−1−+0.5
−3−+0.
−2.5−0.5
−5.0−0.0
+0.0
+0.0
–
−5.0−1.0
−2.5−0.5
−2.0−0.0

References
Bouret et al. (2008)
Kochukhov & Shulyak (2008)
Kochukhov et al. (2005)
Gustafsson et al. (2008)
Brott & Hauschildt (2005)
Homeier (2012)
Homeier (2012)
Allard et al. (2001)
Alvarez & Plez (1998)
Martayan et al. (2008)
Martayan et al. (2008)
Castanheira et al. (2006)
Recio-Blanco (2008)
Tsalmantza & Bailer-Jones (2010)
Chiavassa, Freytag & Plez (2013)

1. analyze all the sources and a) classify them as stars, galaxies, quasars... using
full probabilistic criteria and b) derive in an homogeneous way the stellar atmospheric parameters (Teff , log g, [Fe/H], extinction) throughout the entire HR
diagram;
2. analyze more thoroughly specific type of objects via dedicated modules, as
extremely cool stars or galaxies.
APSIS will provide several estimations of the parameters of each source, according to
the activated modules (i.e., according to the object type). While the output from the
specifically designed modules will have a better accuracy, the general-purpose module
output will provide an homogeneously derived parameter determination, from hot to
cool stars, from giants to dwarfs.
An accurate description of all the APSIS modules can be found in Bailer-Jones et
al. (2013), together with the estimated pre-flight accuracies on the derived parameters.
The provided values are likely to change, and more generally to be better understood,
as soon as the first Gaia data will be available.

3. Training data: synthetic stellar libraries
Each one of modules of APSIS requires data, to be properly trained (if supervised
algorithms are involved) and thoroughly tested (in all cases). To do so, large samples of simulated Gaia data are provided to the developers, using an ad hoc computed
database of synthetic spectra. The libraries are computed at the best of the current
knowledge of the stellar atmosphere properties (from here on, we will focus on stars)
and include purely synthetic, purely observed and semiempirical spectra (observed
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spectra characterized using a synthetic library). A given source in the sky is simulated using the Gaia Object Generator (GOG, Luri et al. 2005), which provides the
photometry, astrometry and the spectra (BPRP + RVS), coupling the more recent
model of the Gaia satellite with the spectra presented in this work. The full set of
spectral libraries is presented in Table 1, with a summary of the library coverage in
Teff , log g, [Fe/H]. Each library is produced using codes strongly optimized for a given
Teff -regime, or for a specific object type.

4. Comparison among the libraries
The capability of the synthetic spectra to accurately reproduce the observed spectra
is crucial to the process, and it has a strong dependence on the spectral range, the
resolution, the stellar type. The limitation of the currently available synthesis is well
known, while the new and promising 3D modeling (Chiavassa et al. 2013) is still
unable to provide the very large amount of spectra needed by the a survey like Gaia.
This will likely change in the near future. To encompass these drawbacks, observed
spectra are included in the training.

Figure 1. Comparison of synthetic spectra in the BPRP region for a star having Teff =4500 K,
log g=2.0, solar metallicity. In grey (full resolution) and in red, spectrum from the 3D SPECTRA library; in blue, from PHOENIX, in green from RVS MARCS. In the bottom panel, the
residual to 3D SPECTRA is shown, same color coding. See the text for discussion.
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Figure 2. same as in Fig 1, in the RVS region. In red, spectrum from the 3D SPECTRA library;
in blue, from PHOENIX, in green from RVS MARCS. In the bottom panel, the residual to 3D
SPECTRA is shown, same color coding. See the text for discussion.

The comparison among the different synthetic libraries can help assessing the precision of the Gaia measures. For a detailed comparison including broad-band colors
and detailed line-by-line ratios, see Sordo et al. (2011) and reference therein.
The libraries, overall, do agree well with each other, the differences being on the
order of a few percent when working at the Gaia resolution (Vallenari & Sordo 2008).
Shortward of λ = 400 nm, where the differences among the libraries are more severe,
the sensitivity Gaia is not very high. In Fig. 1, a comparison among three different
libraries for a cool giant is presented. The libraries are MARCS, PHOENIX and the
new 3DSPECTRA (as labelled in Table 1). The 3D library is presented also at lower
resolution, to ease the visual comparison. Below 400 nm, the emission for the very
low Teff considered is negligible and the comparison is affected by numerical effect
(and anyhow the Gaia sensitivity is very low here). There is a good agreement, at
this resolution, in the continuum slope. The placement of the continuum is however
different in the 3D vs 1D case, by about 7-8 %. The differences in the molecular band
reproduction are more severe, reaching easily 20% residuals (see for example the
band around 500 nm in Fig. 1). The difficulty to synthesize molecular bands is well
known, due to the (still) uncertain fundamental parameters of the transition involved
(see Munari et al. 2005).
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In other Teff regimes, the differences are smaller. Despite this, these differences
are picked up by the automated algorithms: when trained on different libraries (for a
given Teff range), algorithms converge to different parameters (see Andrae 2013).
The comparison worsen when higher resolution is involved. In Fig. 2, the same
comparison is made in the RVS region. The very high resolution of the spectra computed to simulate the RVS spectra (∼RP =300000) enhances the differences, while the
lower resolution of the Gaia-like data (RP =11500) smooths them out. However, the
differences among the libraries in the reproduction of some of the spectral features,
like the continuum slope or the wings of the CaII lines, can not be solved by a change
in resolution.
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