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Abstract. The Gaia-RVS will measure some 108 stellar radial velocities using the correlation method with
well-adapted template spectra for each individual case. Ground-based RV standards will be used to fix the
zero-point.

Gaia instruments are “self-calibrating” and no calibration device is available on board. But for the
beginning of the mission, until the needed calibration parameters become available, the calibrations have
to come from external sources, i.e. existing ground-based observations of already very well-known objects.
Therefore beside the basic list of 1400 very stable and well-measured primary standards, several secondary
RV lists have been built recently. The basic list itself will be extended with around 500 new “primary
standard”.

The libraries of existing spectra have been carefully investigated: a lot of high-quality material is available
for the start of the reductions and for the validation of the pipeline results.

In addition, as the data expected from the photometric instrument are not available at the beginning,
very large lists with atmospheric parameters (Teff , log g, metallicity) have been produced from the literature.

Grids of 3D atmospheric models have been calculated, in order to select the best template for the
correlation; they will be used in the future and will automatically take into account the stellar convective
shift across the HR diagram.
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1 Need for additional ground-based data

Gaia was successfully launched December 19th, 2013. After arrival at the L2 point in January 2014, the
commissioning period was somewhat extended due to some initial unexpected difficulties. The routine scanning
of the sky started on July 25. Spectra are now regularly produced and reduced on the ground. However the
reduction process is supposed to use data concerning the targets, that should be derived from the BP/RP
observations. Such data is of course not yet available. Therefore several lists of preliminary data have been
built:

- the Initial Gaia Source List (IGSL), built by R. Smart (see Smart 2013);
- the list of radial velocity standards (Soubiran et al. 2013; Crifo et al. 2010) for which in addition atmospheric

parameters (Teff , log g, [Fe/H]) have been searched in the literature.
However, for this beginning period, it is also desirable to have MORE standards available, on the order of

1 per hour: this is a total of about 2000 stars if they are regularly distributed over the whole sky. Despite our
efforts, it is not the case with the present list of 1400 standards, with which the largest interval between two
consecutive transits may be as large as 8 hours, while the rotation period of Gaia is 6 hours. Therefore it was
decided to build additional lists of standards, with of course less accuracy and reliability than the main list, as
new observations cannot be conducted on time. A total of 10000 stars are expected.

Also, lists of atmospheric parameters have been compiled for large sets: Hipparcos stars, Tycho stars, part
of 2MASS stars. The ESA/Gaia Technical Note (TN) by Katz et al. (2012) describes the list of additional
ground-based data needed. The TN by Marchal et al. (2014) describes the practical realization of these lists
and their inclusion in the reduction pipeline.
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2 Secondary RV standards

A total of about 10000 stars should be provided. Radial velocities for secondary standards have to come from
existing catalogue compilations, with the following conditions: FGK types, V≤ 11; not known as double or
variable, stable in RV, and with a “clean environment” to avoid overlap of neighbouring spectra.

The sources we used are:

1. Good Hipparcos (HIP) stars already examined during the search of primary list (the so-called “masterlist”
with no disturbing neighbours, described in Crifo et al. 2010) but with RVs from literature. The XHIP
Catalogue (Anderson & Francis 2012), which compiles a very large set of data of all types for the HIP
stars, was adopted as RV source. 7730 stars are found, with an RV accuracy better than 1 km/s. This
list is described in the TN by Crifo et al. (2014).

2. A subset of 3800 stars selected in the RAVE survey, with: at least 2 observations; error ≤ 1 km/s;
4500 K ≤Teff ≤ 7000 K; V ≤11; and provided in the TN by Zwitter et al. (2014).

3. 2259 stars selected in the archives of the ELODIE and SOPHIE spectrographs at OHP, 25% of which have
enough observations to prove their long-term stability and become additional primary standards (see the
TN by Soubiran et al. 2014a). A selection is still going on within the ESO archive and the libraries of
spectra from ESPADONS and NARVAL, the HR spectrographs at CFHT and TBL (Pic du Midi). This
spectral library is detailed in the TN by Chemin & Soubiran (2014).

4. Other data available for RV validation, particularly for faint stars.

Figure 1 (left) shows the present map of standards: black = primaries ; red = HIP/XHIP secondaries (list 1);
green = RAVE selection (list 2) . With the secondary standards the stellar density is enhanced with respect
to the primary ones only; however we notice that the area along the Galactic Plane is still underpopulated,
particularly in the South.

Figure 1 (right) shows the first comparison of a RVS spectrum; and the same star as in the NARVAL spectra
library: it is possible here to see the quality of the RVS spectra.
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Fig. 1. Left: Map of standards. Right: RVS spectrum of HIP 86564 compared with a ground-based spectrum obtained

with NARVAL. The NARVAL spectrum has been convolved with the RVS nominal resolution.
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3 Atmospheric Parameters (AP)

In the reduction procedure, the RV is calculated by several methods. All of them use the correlation with a
synthetic template spectrum adapted to the star. Synthetic spectra are currently computed with 1D or 2D
atmospheric models. In a near future they will be computed from 3D models (Teff , log g, [Fe/H]), see sect. 4.
For each star, approximate values of the three parameters must be known in advance and tabulated in auxiliary
lists.

Large-scale analyses have been performed and libraries of APs have been made, from existing lists and
catalogues. In particular the TN by Soubiran et al. (2014b) includes parameters from Casagrande et al. (2011)
and Ammons et al. (2010), and the TN by Zwitter et al. (2013) derives effective temperatures from 2MASS
photometry. The most important parameter is Teff , which remains poorly known for spectral types earlier than
F8 and for stars fainter than V=13. Comparisons have been made between various sources to check the validity
of the parameters. For instance, Figure 2 shows the comparison between temperatures in the TN of Soubiran
et al. (2014b) and Zwitter et al. (2013) with temperatures from Casagrande et al. (2011) for cool stars.

Fig. 2. Teff comparisons. Left: Soubiran et al. (2014b) vs Casagrande et al. (2011). Right: Zwitter et al. (2013) vs

Casagrande et al. (2011).

4 Grids of synthetic spectra

Calculating a 3D synthetic spectrum adapted to each RVS source cannot be envisaged, for reasons of disk
space and computational time. Therefore high-resolution synthetic spectra will be calculated only for a limited
number of points on a 3D-grid in (Teff , log g, [Fe/H]) space. For a given star of known AP, the spectrum is
interpolated between the closest points of the grid.

Figure 3 (left) shows the grid with the calculated points, for cool stars. The point not exactly aligned in
the grid marks the location of the Sun. Figure 3 (right) shows the difference between spectra computed with
different parameters.

5 Conclusion

All kinds of auxiliary data for stars, and in particular ground-based RVs and synthetic spectra are of central
importance for the calibration and the zero-point determination of the RVS. They are currently playing a crucial
role at the beginning of the mission. At this time (launch + 6 months), there is a large effort within DU640 to
gather these required auxiliary data.

Many thanks go to all the CU6 staff not listed in the authors; and to the Centre de Données de Strasbourg, where an incredible
amount of recent and old data can be retrieved quite easily.

Short remark : In the bibliographic list here below, the papers referenced as “Gaia Data processing...”, that describe the most
accurately the developments made within the Gaia DPAC Consortium, are NOT accessible to non-members of the Consortium.
Sorry for that.
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of 0.5 above that8. We decided to apply the same parameters Teff
and log g for all metallicities, in order to facilitate the interpo-
lation of (averaged) models within a regular grid in stellar pa-
rameters. In addition, the grid also includes the Sun with its
non-solar metallicity analogs, and four additional standard stars,
namely HD 84937, HD 140283, HD 122563 and G 64-12 that are
presented in Bergemann et al. (2012). For metal-poor chemical
compositions with [Fe/H] ≤ −1.0 we applied an α-enhancement
of [α/Fe] = +0.4 dex, in order to account for the enrichment by
core-collapse supernovae (Ruchti et al. 2010).

In Fig. 1, we present an overview of our simulations in
stellar parameter space. Therein, we also show evolutionary
tracks (Weiss & Schlattl 2008) for stars with masses from 0.7
to 1.5 M⊙ and solar metallicity, in order to justify our choice of
targeted stellar parameters. Hence, the grid covers the evolution-
ary phases from the main-sequence (MS) over the turnoff (TO)
up to the red-giant branch (RGB) for low-mass stars. In addi-
tion, the RGB part of the diagram in practice also covers stars
with higher masses, since these are characterized by similar stel-
lar atmospheric parameters.

2.3. Scaling and relaxing 3D models

Generating large numbers of 1D atmosphere models is relatively
cheap in terms of computational costs, but the same is not true
for 3D models. Based on our experiences from previous simu-
lations of individual stars, we designed a standard work-flow of
procedures for generating our grid. More specifically, we devel-
oped a large set of IDL-tools incorporating the various neces-
sary steps for generating new 3D models, which we then applied
equally to all simulations. The steps are:

– Scale the starting model from an existing, relaxed 3D sim-
ulation, and perform an initial run with six opacity bins, so
that the model can adjust to the new stellar parameters.

– Check the temporal variation of Teff and estimate the number
of convective cells. If necessary, adjust the horizontal sizes,
in order to ensure that the simulation box is large enough to
enclose at least ten granules.

– If the optical surface has shifted upwards during the re-
laxation, add new layers at the top of it to ensure that!
log τRoss

"
top < −6.0.

– Determine the period π0 of the radial p-mode with the
largest amplitude, then damp these modes with an artificial
exponential-friction term with period π0 in the momentum
equation (Eq. (2)).

– Let the natural oscillation mode of the simulation emerge
again by decreasing the damping stepwise before switching
it off completely.

– Re-compute the opacity tables with 12 bins for the relaxed
simulation.

– Evolve the simulations for at least ∼7 periods of the fun-
damental p-mode, roughly corresponding to ∼2 convec-
tive turnover times, typically, a few thousand time-steps, of
which 100–150 snapshots equally spaced were stored and
used for analysis.

During these steps the main quantities of interest are the time
evolution of effective temperature, p-mode oscillations, and
drifts in the values of the mean energy per unit mass and of the
mean density at the bottom boundary, which indicate the level

8 We use the bracket notation [X/H] = log (NX/NH)⋆ − log (NX/NH)⊙
as a measure of the relative stellar to solar abundance of element X with
respect to hydrogen.

Fig. 1. Kiel diagram (Teff− log g diagram) showing the targeted
STAGGER-grid parameters for the 217 models, comprising seven dif-
ferent metallicities (colored circles). Four additional standard stars (see
text) are also indicated (squares). In the background, the evolutionary
tracks for stellar masses from 0.7 to 1.5 M⊙ and for solar metallicity are
shown (thin grey lines).

of relaxation. When the drifts in these above properties stop, we
regard the simulation as relaxed. If these conditions were not
fulfilled, we continued running the model, to give the simulation
more time to properly adjust towards its new quasi-stationary
equilibrium state. Also, when the resulting effective temperature
of an otherwise relaxed simulation deviated more than 100 K
from the targeted Teff, we re-scaled the simulation to the targeted
value of Teff and started over from the top of our list of relaxation
steps.

The interplay between EOS, opacities, radiative transfer and
convection can shift the new location of the photosphere, when
the initial guess made by our scaling procedure slightly misses
it. This is the case for a few red giant models leading to upwards-
shifts of the optical surface and of the entire upper atmosphere
during the adjustment phase after the scaling, with the average
Rosseland optical depth ending up to be larger than required, i.e.!
log τRoss

"
top ≥ −6.0. In order to rectify this, we extended those

simulations at the top by adding extra layers on the top, until the
top layers fulfilled our requirements of

!
log τRoss

"
top < −6.0.

2.3.1. Scaling the initial models

To start a new simulation, we scale an existing one with parame-
ters close to the targeted ones, preferably proceeding along lines
of constant entropy of the inflowing gas at the bottom in stellar
parameter space (see Fig. 6). In this way, we find that the relax-
ation process is much faster. In order to generate an initial model
for a set of targeted parameters, we scale temperature, density,
and pressure with depth-dependent scaling ratios derived from
two 1D models, with parameters corresponding to the current
and intended 3D model (Ludwig et al. 2009a). For this, we used
specifically computed 1D envelope models (MARCS or our own
1D models, see Sect. 3.3.1), which extend to log τRoss > 4.0. The
reference depth-scale for all models in the scaling process is the
Rosseland optical depth above the photosphere and gas pressure
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Fig. 3. Left: Grid of calculated synthetic spectra, with the nodes. Right: Calculated synthetic spectra, effects of

gravity (upper panel) and Teff (lower panel). From Chiavassa et al. 2014 (private communication).
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