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Abstract. Gaia-ESO is a public spectroscopic survey, targeting 105 stars,
systematically covering all major components of the Milky Way, from halo
to star-forming regions, providing the first homogeneous overview of the
distributions of kinematics and elemental abundances.

Gaia-ESO will produce an extensive library of FLAMES spectra with
stellar parameters and chemical abundances for well-defined stellar sam-
ples. When combined with Gaia astrometry, the survey will quantify the
formation history of the constituent populations of the Galaxy. We present
an overview of the observational stellar library being generated by Gaia-
ESO - a glimpse of what’s to come.
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1. Introduction

The Gaia-ESO Survey (GES) is a public spectroscopic survey targeting > 105 stars
with FLAMES on the VLT (UT2; Gilmore et al. 2012) . The 300-night observing
programme is designed to survey all constituent populations of the Galaxy over a
five-year period (30 nights per observing semester; Figure 1). Gaia-ESO will pro-
vide the first homogeneous overview of the distributions of kinematics and elemental
abundances in the Milky Way with the goal of unravelling the Galactic star formation
history.
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Figure 1. The GES fields observed in the first eighteen months of the survey and whose data
comprises iDR2, the data currently nearing completion of the second cycle of spectral analysis.
‘MW’ denotes a Milky Way field, ‘CL’ a cluster and ‘SD’ a standard calibration field, which
may be a benchmark star or a calibration observation of a globular cluster.

Table 1. The instrumental wavelength set-ups used for the GES observations.

λ Set-upa λ range (Å) Field typeb

HR03 4033–4201 CLc

HR05B 4340–4587 CLc

HR06 4538–4759 CLc

HR09B 5143–5356 CL
HR10 5339–5619 MW
HR14A 6308–6701 CLc

HR15N 6470–6790 CL
HR21 8484–9001 MW, CL
UVES520 4140–6210 MW, CL
UVES580 4760–6840 MW, CL
UVES860 6600–1040 MW, CL

Notes: (a) The set-ups prefixed by ‘HR’ denote Gi-
raffe set-ups in high-resolution mode; (b) ‘CL’ denotes
a cluster field; ‘MW’ denotes a Milky Way disc, halo
or bulge field; (c) these set-ups are used to study hot
(OBA) stars in young massive clusters.

The GES consortium currently numbers more than four hundred members work-
ing in a hundred different institutes scattered mainly around Europe. Twenty Working
Groups deal with various aspects of the work, from observation planning, through
data reduction and analysis, to arrive at the final results.



Gaia-ESO spectral library 177

Fi
gu

re
2.

G
E

S
sp

ec
tr

a
of

th
e

G
ai

a
be

nc
hm

ar
k

st
ar

H
D

10
73

28
in

th
e

st
an

da
rd

w
av

el
en

gt
h

se
t-

up
s

us
ed

fo
r

th
e

M
ilk

y
W

ay
fie

ld
an

d
O

pe
n

C
lu

st
er

ob
se

rv
at

io
ns

.P
an

el
(a

)s
ho

w
s

th
e

st
ac

ke
d,

or
de

r-
m

er
ge

d
U

V
E

S5
80

sp
ec

tr
a.

T
he

sp
ec

tr
um

is
co

m
pr

is
ed

of
tw

o
co

m
po

ne
nt

s
w

hi
ch

fa
ll

on
th

e
lo

w
er

an
d

up
pe

rC
C

D
s.

Pa
ne

ls
(b

)–
(d

)s
ho

w
th

e
G

ir
aff

e
sp

ec
tr

a
of

th
e

sa
m

e
st

ar
ta

ke
n

w
ith

th
e

H
R

10
,H

R
15

N
an

d
H

R
21

st
an

da
rd

se
t-

up
s.



178 A. Hourihane et al.

Two data reduction pipelines operate on the data: a specially designed pipeline at
the Cambridge Astronomical Survey Unit (CASU) to reduce the medium-resolution
Giraffe spectra (R ∼ 20,000, Lewis et al., in prep.) and a modified version of the
ESO FLAMES-UVES pipeline at INAF-Arcetri to reduce the high-resolution (R ∼
47, 000; Sacco et al., in prep.) UVES echelle spectra. A list of the wavelength regions
covered by the observations is given in Table 1 and example spectra in the standard
instrumental set-ups can be seen in Fig. 2.

The raw data is immediately made public through the ESO archive and the sur-
vey’s first release of pipeline-reduced spectra to ESO in August 2013 is now available
(November 2013).

2. Data analysis

2.1 Radial velocities

Radial and rotational velocities are determined for the GES pipeline-reduced spectra
by pipelines at CASU (Giraffe - with quality control performed at Keele; Koposov
et al., in prep.) and INAF-Arcetri (UVES; Sacco et al., in prep). The velocities
are attached to the spectral FITS files with other metadata, including observing and
instrumental parameters and photometry.

These spectral FITS files are distributed to Working Groups (WGs) 10–14. The
nodes in each WG then perform analysis (spectral synthesis or equivalent-width analy-
sis) of various subsets of these spectra in order to arrive at the spectral results: at-
mospheric parameters and abundances. Each WG combines the individual node re-
sults into a recommended set of results based on a statistical weighting scheme. Pub-
lication of the scientific verification of the recommended results from the first analysis
cycle is currently underway. For a subset of the stars, fundamental parameters (masses
and ages) are additionally derived (Bergemann et al., in prep.).

2.2 Line list

A number of inputs to the spectral analysis are required and these have been standard-
ised to improve the consistency of the GES results. In particular, the introduction of
a standardised GES line list (Heiter et al., in prep.) has had a positive impact on the
results. The line list consists of 6 × 104 atomic and 3.3 × 107 molecular lines cov-
ering the wavelength regions 4750–6850 and 8450–9000 Å. The lines are denoted as
recommended or not by flags based on their oscillator strengths, log g f , and on their
blending properties in synthesised spectra (Figure 3). Nodes may select a subset of
lines of their choosing from the master line list for the synthesis of their wavelength
regions.
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Figure 3. The GES line list (v4). Panel (a) shows a line recommended based on both log g f

and blending (Y/Y flags); panel (b) shows a line which is recommended based on log g f but not
based on blending (Y/N flags).

2.3 Synthetic grids

Another standard input to the analysis of FGKM stars is the GES grid of synthetic
spectra (Figure 4), computed at R ∼ 300, 000 and covering the wavelength regions of
the standard set-ups used for MW and CL observations (UVES580, HR10, HR15N
and HR21 – Table 1; de Laverny et al. 2012). The grid is computed from MARCS
models and the Turbospectrum code for spectral synthesis.

2.4 Hot star analysis

A dedicated WG deals with the analysis of hot OBA stars which are observed using
bluer wavelength set-ups in young massive clusters. The hot stars fall outside the
regions of parameter space covered by the GES synthetic grid and require a separate
analysis using a variety of synthetic grids such as ROB grid and the grid of Bertone
et al. (2004).

Atmospheric parameters only have been derived as part of the first cycle of GES
spectral results for the hot stars: chemical abundances are more challenging for these
stars but some abundance results are expected in future cycles as methods are refined.

3. Preliminary science

The recommended parameters and abundances from the analysis of the first six months
of observations have been internally released to the consortium in August 2013. GES



180 A. Hourihane et al.

Figure 4. The parameter coverage of the GES synthetic grid.

is now (November 2013) in its first internal science verification phase leading to ref-
ereed publications. An example of some of the early science being done is the explo-
ration of bimodality of [alpha/Fe] at a given [Fe/H] in Milky Way field stars in order
to investigate the discreteness of the thin and thick discs (see Figure 5; Recio-Blanco
et al., 2013).

4. Summary

GES will yield a library of high-resolution spectra of > 100, 000 stars sampling all
major components of the Galaxy. Attached to the spectra, in FITS extensions, are
relevant metadata, in particular catalogue photometry and proper motions. Radial and
rotational velocities determined by the GES pipelines are additionally attached.

The results of the spectral analysis comprise atmospheric parameters and chemi-
cal abundances for FGKM stars. Hot stars are being observed to extend the parameter
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Figure 5. [alpha/Fe] abundance plotted as a function of metallicity for Milky way field stars.
The presence of a bimodality in [alpha/Fe] at a given [Fe/H] may be used as an indicator of the
discreteness of thin and thick disc stars.

space sampled by the survey, these currently have stellar parameters determined and
will in the future have some abundances also.

All of the GES products – spectra, results and line lists – will be available through
the WFAU archive, Edinburgh and the ESO archive (which currently hosts the first six
months of reduced spectra).

Apart from providing a much more detailed abundance analysis of a subset of
the Gaia stars, GES has a number of further complementarities with Gaia which will
enhance both datasets. For example, Gaia benchmarks are being observed as part of
GES; also, GES will provide radial velocities for fainter stars which are outside of the
Gaia RVS range (17 < V < 20) but for which Gaia will provide the 2D motions.
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