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PRESS RELEASE | PARIS | 14 SEPTEMBER 2016

Gaia maps the position of a billion stars

With one billion stars mapped in a thousand days, European researchers have shown that they are
not afraid to tackle the most daunting tasks. The work was carried out by 450 researchers from 25
European countries, including around a hundred scientists from France, mainly at the CNRS,
Observatoire de Paris and Observatoire de la Cote d’Azur’, with major participation by the French
space agency CNES. Using the Gaia spacecraft, launched on 19 December 2013, scientists have
catalogued the position of 1.15 billion stars, and in addition measured the velocity and distance of
two million of them relative to the Sun. ESA? and the European consortium DPAC? are releasing the
mission's first findings on September 14. The announcement represents the most precise and
detailed sky survey ever carried out.

The Gaia spacecraft both rotates and orbits around the Earth, while surveying the sky with its two
telescopes. Equipped with 106 CCDs forming the equivalent of a camera with a resolution of a billion
pixels, it surveys 50 million stars per day, each time carrying out ten measurements, which represents a
total of 500 million data points per day. This huge amount of information has been used to draw up a
catalog of the positions in the sky of 1.15 billion stars. The precision ranges from 0.5 to 15 milliarcseconds
(a milliarcsecond is equivalent to the angle subtended by a 1 euro coin at a distance of 4 000 km).

Including 200 million more stars than initially planned, the catalog will enable researchers to compile
valuable statistics about various types of bodies, which would be impossible without such a huge survey.
For instance, the catalog contains data for 250,000 quasars, as well as for 3 000 Cepheid and RR Lyrae
variable stars®. The Gaia mission has provided the light curves of the variable stars, in other words, the
changes in their brightness, which will help scientists to shed light on the physical processes governing
these stars.

The positions of a subset of two million stars were also compared with measurements carried out 23 years
earlier by ESA's Hipparcos mission. The difference was used to calculate the velocity and distance of
these bodies relative to the Solar System. Collection of the catalog data ended in September 2015.
However, since Gaia continues to gather information, the researchers intend, in similar fashion, to
compare the future positions of stars with those given in the catalog. By the end of 2017, they should
therefore have obtained the velocity and distance of all one billion stars.

French organizations have played a leading role in the mission, and are represented in the consortium by
around a hundred researchers, engineers and technicians. They take part in the many tasks essential to

1 See complete list below.

2 European Space Agency.

3 Data Processing and Analysis Consortium.

4 In astronomy, a variable star is a star whose brightness varies over periods of varying length. There are several different types,
named after the constellation in which they were first observed (in this case, the constellations Cepheus and Lyra).
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the success of the Gaia mission, such as organizing the ground-based observations needed to process the
data, providing ephemeris data for the Solar System, carrying out daily observation of the Gaia spacecraft
using optical instruments (in order to know its position and velocity to a very high degree of precision),
validating data processing, etc.

The laboratories taking part are:

- Laboratoire Galaxies, Etoiles, Physique et Instrumentation (CNRS/Observatoire de Paris/Université
Paris Diderot)

- Laboratoire Systemes de Référence Temps-Espace (CNRS/Observatoire de Paris/UPMC)

- Laboratoire d'Etudes du Rayonnement et de la Matiere en Astrophysique et Atmosphéres
(CNRS/Observatoire de Paris/ENS Paris/UPMC/Université de Cergy-Pontoise)

- Institut de Mécanique Céleste et de Calcul des Ephémérides (CNRS/Observatoire de
Paris/lUPMC/Université de Lille)

- Laboratoire Lagrange (CNRS/Observatoire de la Cote d’Azur/Université de Nice Sophia Antipolis)

- Laboratoire d'Astrophysique de Bordeaux (CNRS/Université de Bordeaux)

- Observatoire Astronomique de Strasbourg (CNRS/Université de Strasbourg)

- Laboratoire Univers, Transport, Interfaces, Nanostructures, Atmosphére et Environnement, Molécules
(CNRS/Université de Franche-Comté)

- Laboratoire Univers et Particules de Montpellier (CNRS/Université Montpellier)

The online resources of the Centre de Données Astronomiques de Strasbourg (CNRS/Université de
Strasbourg) also played an important role in validating findings and are required for their scientific analysis.

The CNES is a key player with regard to the French teams thanks to the establishment of the Data
Processing and Analysis Consortium (DPAC) center in Toulouse (which undertakes around 40% of the
data processing). The DPAC was approved in 2006 for the processing of data from Gaia. Six dedicated
computing centers, such as the one in Toulouse, were set up with this aim.

To find out more about Gaia : http://sci.esa.int/gaia/
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A high spatial resolution sky map based on observations by the European Space Agency's astrometry mission Gaia. The
different shades of grey show the number of sources detected per unit area. The lightest areas typically correspond to
500,000 sources per square degree (roughly the size of the object Omega Cen near the center of the map). The Galaxy is
clearly visible, while the dark regions where few sources are detected show, with excellent resolution, the clouds of gas and
dust that absorb starlight. The striations and large, more or less oval structures are caused by Gaia scanning the sky over a
period of 14 months, and will disappear in subsequent versions.

© ESA/Gaia/DPAC. Image generated by: André Moitinho & Marcia Barros (CENTRA - University of Lisbon) on behalf of
DPAC.

The small white dots scaftered across the map correspond to known sources, galaxies, globular clusters and open
clusters. Their most common names are shown above or next to the source. The two large galaxies in the southern
hemisphere are the Magellanic Clouds. In a small dot such as M5 in the center of the map Gaia has detected several
thousand stars.

© ESA/Gaia/DPAC. Image generated by: André Moitinho & Mércia Barros (CENTRA - University of Lisbon) and Frangois
Mignard (OCA-CNRS) on behalf of DPAC.
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CNRS researcher | Frangois Mignard I T +33 (0)4 92 00 31 47 | francois.mignard@oca.eu
CNRS researcher | Frédéric Arenou | T +33 (0)1 45 07 78 49 | frederic.arenou@obspm.fr
CNRS Press Office | Alexiane Agullo | T +33 (0)1 44 96 43 90 | alexiane.agullo@cnrs-dir.fr
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