GREAT: Gaia
Research for European
Astronomy Training
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Introduction

The European Science Foundation (ESF) is an inde-
pendent, non-governmental organisation, the mem-
bers of which are 80 national funding agencies, re-
search performing agencies, academies and learned
societies from 30 countries.

The strength of ESF lies in the influential membership
and in its ability to bring together the different domains
of European science in order to meet the challenges of
the future.

Since its establishment in 1974, ESF, which has its
headquarters in Strasbourg with offices in Brussels
and Ostend, has assembled a host of organisations
that span all disciplines of science, to create a com-
mon platform for cross-border cooperation in Europe.
ESF is dedicated to promote collaboration in scien-
tific research, funding of research and science policy
across Europe. Through its activities and instruments
ESF has made major contributions to science in a
global context. The ESF covers the following scientific
domains:

* Humanities

- Life, Earth and Environmental Sciences
+ Medical Sciences

 Physical and Engineering Sciences

- Social Sciences

- Marine Sciences

* Nuclear Physics

- Polar Sciences

* Radio Astronomy Frequencies

- Space Sciences

The front page displays an artist’s impression of the Gaia
Spacecraft. Credit: ESA

The next ESA ‘Cornerstone’ mission Gaia is scheduled for
launch in late 2012. It is designed to map over one billion
stars with three instruments to collect astrometric, photo-
metric and spectroscopic data on stars in the Milky Way
and in galaxies belonging to the Local Group, distant gal-
axies, quasars and solar system objects. Gaia builds on
the expertise established in Europe through the successful
ESA Hipparcos mission. A broad community of nearly 400
European scientists and engineers are working together to
prepare and carry out the extremely challenging mission
data processing.

The overall objective of GREAT is to prepare the wider
community for the science exploitation of the Gaia mis-
sion by supporting a science-oriented network which will
address the key issues in which Gaia will have a major
impact. This network will fund community training events,
workshops and major conferences, proceedings, grants
for short and exchange visits, and outreach material. It
will help build essential collaborative scientific cooperation
across Europe and the wider world in turn delivering major
advances in science around the main objectives of Gaia.
Over 550 researchers in some 90 groups from 17 Euro-
pean countries and the European Space Agency (ESA),
and covering all the science areas addressed by Gaia have
committed to participating in this network. GREAT is a pan
European science driven research infrastructure which will
facilitate, through focused interaction on a European scale,
the fullest exploitation of this ESA cornerstone astronomy
mission, enabling the European astronomy community to
provide answers to the key challenges in our understand-
ing of the Galaxy and Universe.

For further details and to respond to GREAT funding calls,
in any scientific area within the remit of the GREAT pro-
gramme, visit the website at http:/www.great-esf.eu




Scientific Background

Understanding the formation and evolution of galaxies is a
topic central to modern astrophysics. Observation of very
distant galaxies allows us to probe the times when these
systems were formed, but it is only our own Galaxy that
provides a fossil record detailed enough to unravel its com-
plete formation history. Current cosmological models envis-
age the formation of large galaxies through the merging
of smaller structures. Deciphering the assembly history of
our Galaxy requires a detailed mapping of the structure,
dynamics, chemical composition, and age distribution of its
stellar populations. Ideally one would like to “tag” individual
stars to each of the progenitor building blocks.

The Gaia satellite (http:/www.rssd.esa.int/gaia), a fully
funded ESA ‘Cornerstone’ mission, scheduled for launch
towards the end of 2012, will provide the required data in
the form of distances (parallaxes), space velocities (proper
motions and radial velocities) and astrophysical charac-
terization (through multi-wavelength photometry) for more
than one billion stars throughout most of the Galaxy.

Gaia builds on the expertise in astrometry established in
Europe through the successful Hipparcos mission. This
satellite produced a reference catalogue (published in
1997) of some 120,000 stars with an astrometric accuracy
of ~1mas. Gaia will produce results which are orders of
magnitudes better than those from Hipparcos. Gaia will
map a billion stars, with astrometric accuracies of less than
10uas for the brighter stars. Thus, Gaia will allow for dis-
tance determinations out to 10kpc of better than 10%, thus
direct measurements of the distance to stars throughout
our Galaxy and beyond.

Gaia will have a major impact across all areas of astronomy
and astrophysics, and at all scales.

e Mapping the Milky Way in three dimensions
(parallaxes, positions, extinction)

e Galactic kinematics and disk heating (proper
motions and radial velocities)

® Formation and evolution of the Milky Way

Star formation and evolution (ages, star formation
histories (SFH), initial mass functions (IMF) in the
field and clusters)

Stellar physics (classification, M, L, log g, Ter
[Fe/H], ages)

Distance scale (geometric distances to Cepheids
and RR Lyrae stars)

Age of the Universe (galactic globular cluster
diagrams, PLC-metallicity relation, distances,
luminosities)

Dark matter (stars as tracers of gravitational potential)
Reference frame (quasars, absolute astrometry)
Extrasolar planet detection (~M,, astrometry

and photometric transits)

Fundamental physics (relativistic parameters
y~5x1077, B~5x104)

Solar system science (taxonomy, masses, orbits
for 5x10° bodies)

Artist’s impression of the Gaia spacecraft. Several components are made
transparent to reveal other sections. Credits: ESA/AOES Medialab
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Scientific Background

GREAT collaborations are thus essential in the following
areas:

Origin, structure, and evolution of the Milky Way: unravel-
ling the complexities of the Milky Way with its mix of stars
and planets, gas, dust, radiation, dark matter and dark
energy, is one of the major challenges for astrophysicists.
These components show wide distributions: in age (when
did the stars form?), in chemistry (how did the stars form?),
in spatial location (reflecting the formation processes of the
Galaxy, and subsequent history, in for instance accreting
other galaxies), in their orbits (measuring the distribution
of matter, dark matter). Measuring these distributions al-
lows a mapping of formation, structure and evolution of the
Galaxy and a better understanding of the sub structure of
the Milky Way.

® The Galactic bulge
® The halo
® Large scale structure of the disk

Stellar astrophysics: Gaia will provide distances of unprec-
edented accuracy for all types of stars of all stellar popu-
lations, even those in the most rapid evolutionary phases
which are very sparsely represented in the solar neighbour-
hood.

This extensive amount of data of extreme accuracy will
stimulate a revolution in the exploration of stellar and Ga-
lactic formation and evolution, and the determination of the
cosmic distance scale.

Galactic Dynamics is best traced by the motions of the
Milky Way’s stars and gas. Gaia will focus on stellar mo-
tions, which are key for uncovering the properties of the
different stellar components of our Galaxy such as the size,
mass, density of the thin and thick disk. Galactic dynamics
are an excellent means of deriving the detailed mass distri-
bution of the Milky Way and of constraining the distribution
and amount of dark matter. Dynamics are also a vital tool
for uncovering stellar streams in phase space and for find-
ing signatures of ancient accretion events.

Galactic Archaeology uses the stellar fossil record to trace
the evolutionary history of our Milky Way and its different
components. Chemical tagging of individual stars, com-
bined with their kinematics, is vital for understanding the
assembly history of our Galaxy, for uncovering the domi-
nant modes of star formation and the importance of differ-
ent nucleosynthesis processes, for identifying streams of
accreted satellites and constraining number, times, and
importance of accretion events, and to test cosmological
models of galaxy evolution.

A remarkable ESO VISTA mosaic looking deep into the dusty heart of our own Milky Way galaxy in the constellation of Sagittarius (the Archer). About one million
stars are revealed in this picture, most of them not seen in visible light pictures. Credits: ESO/VISTA. Acknowledgment: Cambridge Astronomical Survey Unit
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Scientific Background

Star Formation and evolution: The contribution of Gaia to
star formation and evolution will be crucial and manifold,
since it will provide key quantities such as luminosities and
temperatures (and thus ages), extinction, as well as kine-
matic information for very large samples of stars in clusters
and in the field. In the area of star formation (SF) this will
allow studying in great detail two fundamental quantities:
the IMF and SFH. The IMF is perhaps the most important
outcome of the SF process and a detailed knowledge of its
characteristics is required to understand Galaxy formation,
chemical evolution of galaxies, the structure of the inter-
stellar medium, and the nature of the baryonic dark matter.
On the other hand, the SFH is also very critical, since it
provides insights on the timescale to turn dense gas into
stars within molecular clouds.

Obsegvable
by Gaia

Earthyorbit

fuable from Earth

Observable from Earth

Gaia orbit

Asteroids blind spot covered by Gaia. Credits: ESA & Medialab

Specific issues include: does the IMF vary across different
environments? Is there a lower limit to the IMF? Can a mo-
lecular cloud sustain or not the production of stars for a pe-
riod of time comparable to its lifetime (>10Myr) and much
longer than the typical free-fall time of dense gas (<1Myr)?.
Presently there is no consensus on the prevalence of these
two competing views. In the field of stellar evolution dis-
tances to open and globular clusters, along with kinematic
information, will be fundamental not only to put tight con-
straints on evolutionary models of stars at all masses and
in all evolutionary stages, but also to address several key
topics such as cluster relative and absolute ages, the evo-
lution of stellar properties, cluster internal dynamics and
structure, cluster disruption processes, binary fraction.
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Disrupted dwarf galaxies in the Milky Way halo revealed by Gaia. Streams
are revealed easily in the radial velocity - distance plane. Credits: Brown,
Velazquez, Aguilar, University of Leiden
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Scientific Background

Fundamental physics and the Reference Frame: The un-
precedented accuracy of Gaia observations and the com-
plexity of relativistic effects appearing in those observations
allow us to use Gaia data to test certain aspects of General
Relativity, for example measurement of gravitational light
deflection with a precision of about 5x107. Optimization
of these complex and challenging tests requires close col-
laboration of several research groups in Europe.

Extrasolar planets: with its high astrometric accuracy, Gaia
will be sensitive to perturbations on the orbits of stars by
unseen companions. Thus tens of thousands of stars with
Jupiter like planets orbiting them will be discovered. This
will allow for detailed statistical studies, such as the impact
of stellar environment (T, L, chemical abundance, single/
binary) and how this correlates with the planets found in
those systems.

Solar system: Gaia will have a major impact in surveying
the asteroid population of our Solar system. This will be in
finding new asteroids in previously ‘difficult’ locations, such
as inside the Earth orbit and near to the Sun, but more
importantly by determining the physical properties of many
known asteroids in exquisite detail. This knowledge will en-
able us to better understand the conditions in the proto-So-
lar nebular out of which our Sun and solar system formed,
based on the fossil signatures from the asteroids that we
see now.

The IT Data Challenge from Gaia is an area which will
stretch the community’s ability to successfully integrate the
new data with those from other large scale surveys. Efforts
are underway to both access large compute grids to facili-
tate large computational modeling, for instance large scale
simulations of Galactic Dynamics, and also to enable so-
phisticated workflow automation.

The interior structure of stars from accurate astrometry. Credit: A. Brown, University of Leiden

6 | GREAT



Programme Activities

Facilitate, via community building, the development of
optimum strategies for scientifically exploiting Gaia:
arguably the most exciting European flagship mission of the
coming decade. European astronomers need to be ready
to make the best possible use of the scientific potential of
Gaia to reap the highest possible returns and to maximize
its impact. These will require a thorough knowledge of how
to work with the astrometric, spectroscopic, and photomet-
ric data that Gaia will deliver. Also a readiness and ability
to launch efficient follow-up observing campaigns where
needed. This concerns specifically the spectroscopic fol-
low-up needed for detailed abundance information, which
may require specific planning for new wide-field multi-ob-
ject spectrographs, covering the UV/blue, on 4 and 8 meter
class telescopes. These issues all critically require Euro-
pean wide co-operation, the build-up of expert networks,
the assembly of relevant tools. GREAT facilitates this by
providing funds for travel, exchanges, workshops, and con-
ferences which will provide the essential forums required
to plan.

Develop multi-wavelength, multi-domain techniques,
incorporating the information from Gaia, in address-
ing key science issues: In the initial phase of GREAT,
a key objective will be to develop novel observational and
modelling campaigns which, when combined with the data
from Gaia, will be required to answer key science questions
such as: the assembly history of the Milky Way, dark matter
distribution in the local universe, mapping galactic struc-
tures using variable star populations, the formation of stars,
star clusters, and so forth. GREAT will provide the Euro-
pean focus for research groups in these areas to formulate
and carry out the significant observational and theoretical
programmes required.

Transfer best practice in use of new computational
techniques: this will include use of new Virtual Observa-
tory techniques, and the development and deployment of
high throughput statistical applications.

Foster collaboration between partners: a legacy of
GREAT will be the enduring research collaborations built
between research groups as a result of this network.

The GREAT programme is focussed around the following
networking activities — where the community will be able to
participate through open calls published by GREAT.

Conferences: major international meetings will be held
during the ESF RNP. The conferences will be centred on
“Grand Challenge’ themes, for example: ‘The fundamental
cosmic distance scale’, ‘The formation of our Galaxy’, ‘Ga-
lactic Archaeology’.

Workshops — Science and Knowledge Transfer: these
will address specific topics, bringing together leading ex-
perts to tackle the key issues. The format of the workshops
will be such that, with typically 20-50 persons attending,
intense interaction will be possible.

It is expected to organise some meetings with other groups
working on large surveys, both in astronomy and other do-
mains such as remote sensing, in order to identify syner-
gies.

Training/ Schools: a range of training schools will occur
during the GREAT programme, targeted at addressing key
topics. Additionally, from year two, we plan to organise
training schools which will directly result from preceding
workshops, where the advances in knowledge gained at
the workshops can be rapidly transferred to researchers
through inclusion in the school programme.

Exchange Visits and GREAT Fellows: in order to seed
the exchange of knowledge, short visits of noted experts
will be supported. It is planned that outputs from these in-
teractions will include the generation of proposals for future
workshops and eventual training schools. Longer term vis-
its for young researchers will be supported through GREAT
Fellowships. These will allow for more intense knowledge
transfer to these researchers. It is anticipated that GREAT
Fellows would be involved in the organisation of a training
school at the end of their fellowship, to further the spread
of knowledge.

Outreach, Website and Networking: GREAT will produce
accessible material for wider consumption addressing both
the scientific community and the general public. These ma-
terials, will highlight the opportunities offered by participa-
tion in the GREAT network in advancing understanding of
our Universe, noting successes achieved through the net-
work, aiming to enthuse the community.

For further details, and to find out how you can benefit
from the GREAT network, with support for your ideas,
please visit the GREAT ESF RNP website at:
http://www.great-esf.eu
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GREAT Steering Committee

Funding

Dr Nicholas Walton (Chair)

Institute of Astronomy

University of Cambridge

Madingley Road

Cambridge CB3 OHA e United Kingdom
Tel: +44 1223 337503

email: naw@ast.cam.ac.uk

Professor Conny Aerts

Instituut voor Sterrenkunde

Departement Natuurkunde en Sterrenkunde
Katholieke Universiteit Leuven
Celestijnenlaan 200D BUS 2401

3001 Leuven e Belgium

Tel: +32 16 32 70 28

email: Conny.Aerts@ster.kuleuven.be

Dr Anthony Brown

Leiden Observatory

Leiden University

PO Box 9513

2300 RA Leiden ® Netherlands
Tel: +31 71 5275884

email: brown@strw.leidenuniv.nl

Dr Josef Durech

The Institute of Astronomy

Charles University

V HoleSovickach 2

CZ 180 00 Prague 8 ® Czech Republic
Tel: +420 221912575

Email: durech@sirrah.troja.mff.cuni.cz

Dr Laurent Eyer

Observatoire de Genéve

51 ch. des Maillettes

CH-1290 Sauverny e Switzerland
Tel: +41 (0)22 379 23 61

email: laurent.eyer@unige.ch

Professor Eva K Grebel
Astronomisches Rechen-Institut
Zentrum fir Astronomie der
Universitat Heidelberg
MoénchhofstraBe 12-14

Universitat Heidelberg

D-69120 Heidelberg e Germany
Tel: +49 6221 54 1810

email: grebel@ari.uni-heidelberg.de

Dr Carme Jordi

Dep. d’Astronomia i Meteorologia
Institut de Ciéncies del Cosmos (ICC),
Universitat de. Barcelona (UB/IEEC)
Marti i Franques 1

E-08028 Barcelona e Spain

Tel: +34 93 402 1126

email: carme@am.ub.es

Dr Thomas Lebzelter

Department of Astronomy

University of Vienna
Turkenschanzstrasse 17

1180 Vienna e Austria

Tel: 443 1 4277 51854

email: thomas.lebzelter@univie.ac.at
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Professor Lennart Lindegren
Lund Observatory

Solvegatan 27

Box 43

SE-221 00 Lund e Sweden
Tel: +46 46 22 27309

email: lennart@astro.lu.se

Dr Francois Mignard
Department Cassiopee
Observatoire de la Cote d’Azur
Le Mont Gros

BP 4229

06304 Nice Cedex 4 e France
Tel: +33 492 003 147

email: francois.mignard@oca.eu

Dr André Moitinho de Almeida
Faculty of Sciences — Dpto Fisica
Campo Grande, Edificio C8, Piso 5
PT 1749-016 Lisboa e Portugal
Tel: +351 217500869

email: andre @sim.ul.pt

Dr Karri Muinonen
Department of Physics
University of Helsinki

PO Box 64

FI-00014 Helsinki ® Finland
Tel: +358 9-191 22941

email: muinonen@cc.helsinki.fi

Dr Dimitri Pourbaix

Institut d’Astronomie et d’Astrophysique
Université Libre de Bruxelles

CP226

Boulevard du Triomphe

B-1050 Bruxelles e Belgium

Tel: +32-2-650.35.71

email: pourbaix@astro.ulb.ac.be

Dr Sofia Randich

INAF — Arcetri

Osservatorio Astrofisico di Arcetri
Largo E Fermi 5

I-50125 Firenze e ltaly

Tel: +39 055 2752-251

email: randich@arcetri.astro.it

Observer

Dr Timo Prusti

RSSD

ESTEC

European Space Agency

PO Box 299

NL-2200 AG Noordwijk e Netherlands
Tel: +31 71 565 47 94

email: Timo Prusti@rssd.esa.int

ESF Liaison

Dr. Thibaut Lery

Science

Ms. Catherine Werner

Administration

Physical and Engineering Sciences Unit (PESC)
European Science Foundation

1 quai Lezay-Marnésia « BP 90015

67080 Strasbourg cedex * France

Tel: 433 (0)388 76 71 28

Fax: +33 (0)3 88 37 05 32

Email: cwerner@esf.org

For the latest information on this Research Network-
ing Programme consult the ESF GREAT website:

www.esf.org/great

ESF Research Networking Pro-
grammes are principally funded by
the Foundation’s Member Organisa-
tions on an a la carte basis. GREAT
is supported by:

Austria:

Fonds zur Férderung der wissen-
schaftlichen Forschung in Oster-
reich (FWF)

Belgium:
Fonds de la Recherche Scienti-
fique (F.R.S. - FNRS)

Fonds voor Wetenschappelijk
Onderzoek - Vlaanderen (FWO)

Czech Republic:

Academy of Sciences of the
Czech Republic (ASCR)

Czech Science Foundation (GACR)

Finland:
Academy of Finland

France:
Centre National de la Recherche
Scientifique (CNRS)

Germany:
Deutsche
schaft (DFG)

Forschungsgemein-

Italy:
Istituto Nazionale di Astrofisica
(INAF)

Netherlands:

Nederlandse Organisatie voor
Wetenschappelijk Onderzoek
(NWO)

Portugal:
Fundacéo para a Ciéncia e a Tec-
nologica (FCT)

Spain:

Ministerio de Ciencia y Innova-
cion (MICINN)

Consejo Superior de
Investigaciones Cientificas (CSIC)

Sweden:
Swedish Research Council (VR)

Switzerland:
Swiss National Science Founda-
tion (SNF)

United Kingdom:
Science and Technologies Facili-
ties Council (SFTC)



