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One billion stars in 3-D: Gaia's billion-star
map hints at treasures to come

September 14 2016

An all-sky view of stars in our Galaxy — the Milky Way — and neighbouring
galaxies, based on the first year of observations from ESA’s Gaia satellite, from
July 2014 to September 2015. Credit: ESA/Gaia/DPAC

The first catalogue of more than a billion stars from ESA's Gaia satellite
was published today — the largest all-sky survey of celestial objects to
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On its way to assembling the most detailed 3-D map ever made of our
Milky Way galaxy, Gaia has pinned down the precise position on the sky
and the brightness of 1142 million stars.

As a taster of the richer catalogue to come in the near future, today's
release also features the distances and the motions across the sky for
more than two million stars.

"Gaia is at the forefront of astrometry, charting the sky at precisions that
have never been achieved before," says Alvaro Giménez, ESA's Director
of Science.

"Today's release gives us a first impression of the extraordinary data that
await us and that will revolutionise our understanding of how stars are
distributed and move across our Galaxy."

Launched 1000 days ago, Gaia started its scientific work in July 2014.
This first release is based on data collected during its first 14 months of
scanning the sky, up to September 2015.

"The beautiful map we are publishing today shows the density of stars
measured by Gaia across the entire sky, and confirms that it collected
superb data during its first year of operations," says Timo Prusti, Gaia
project scientist at ESA.
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Artist's impression of Gaia mapping the stars of the Milky Way. Credit:
ESA/ATG medialab; background: ESO/S. Brunier

The stripes and other artefacts in the image reflect how Gaia scans the
sky, and will gradually fade as more scans are made during the five-year
mission.

"The satellite is working well and we have demonstrated that it is
possible to handle the analysis of a billion stars. Although the current
data are preliminary, we wanted to make them available for the
astronomical community to use as soon as possible," adds Dr Prusti.

Transforming the raw information into useful and reliable stellar
positions to a level of accuracy never possible before is an extremely
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complex procedure, entrusted to a pan-European collaboration of about
450 scientists and software engineers: the Gaia Data Processing and
Analysis Consortium, or DPAC.

"Today's release is the result of a painstaking collaborative work over the
past decade," says Anthony Brown from Leiden University in the
Netherlands, and consortium chair.

"Together with experts from a variety of disciplines, we had to prepare
ourselves even before the start of observations, then treated the data,
packaged them into meaningful astronomical products, and validated
their scientific content."

In addition to processing the full billion-star catalogue, the scientists
looked in detail at the roughly two million stars in common between
Gaia's first year and the earlier Hipparcos and Tycho-2 Catalogues, both
derived from ESA's Hipparcos mission, which charted the sky more than
two decades ago.

By combining Gaia data with information from these less precise
catalogues, it was possible to start disentangling the effects of "parallax’
and 'proper motion' even from the first year of observations only.
Parallax is a small motion in the apparent position of a star caused by
Earth's yearly revolution around the Sun and depends on a star's distance
from us, while proper motion is due to the physical movement of stars
through the Galaxy.

In this way, the scientists were able to estimate distances and motions for
the two million stars spread across the sky in the combined Tycho-Gaia

Astrometric Solution, or TGAS.

This new catalogue is twice as precise and contains almost 20 times as
many stars as the previous definitive reference for astrometry, the
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Hipparcos Catalogue.

As part of their work in validating the catalogue, DPAC scientists have
conducted a study of open stellar clusters — groups of relatively young
stars that were born together — that clearly demonstrates the
improvement enabled by the new data.

"With Hipparcos, we could only analyse the 3-D structure and dynamics
of stars in the Hyades, the nearest open cluster to the Sun, and measure
distances for about 80 clusters up to 1600 light-years from us," says
Antonella Vallenari from the Istituto Nazionale di Astrofisica (INAF)
and the Astronomical Observatory of Padua, Italy.

"But with Gaia's first data, it is now possible to measure the distances
and motions of stars in about 400 clusters up to 4800 light-years away.
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An all-sky view of stars in our Galaxy — the Milky Way — and neighbouring
galaxies, based on the first year of observations from ESA’s Gaia satellite, from
July 2014 to September 2015. Credit: ESA/Gaia/DPAC

For the closest 14 open clusters, the new data reveal many stars
surprisingly far from the centre of the parent cluster, likely escaping to
populate other regions of the Galaxy."

Many more stellar clusters will be discovered and analysed in even
greater detail with the extraordinary data that Gaia continues to collect
and that will be released in the coming years.

The new stellar census also contains 3194 variable stars, stars that
rhythmically swell and shrink in size, leading to periodic brightness
changes.

Many of the variables seen by Gaia are in the Large Magellanic Cloud,
one of our galactic neighbours, a region that was scanned repeatedly
during the first month of observations, allowing accurate measurement
of their changing brightness.

Details about the brightness variations of these stars, 386 of which are
new discoveries, are published as part of today's release, along with a
first study to test the potential of the data.

"Variable stars like Cepheids and RR Lyraes are valuable indicators of
cosmic distances," explains Gisella Clementini from INAF and the

Astronomical Observatory of Bologna, Italy.

"While parallax is used to measure distances to large samples of stars in
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the Milky Way directly, variable stars provide an indirect, but crucial
step on our 'cosmic distance ladder', allowing us to extend it to faraway
galaxies."

This is possible because some kinds of variable stars are special. For
example, in the case of Cepheid stars, the brighter they are intrinsically,
the slower their brightness variations. The same is true for RR Lyraes
when observed in infrared light. The variability pattern is easy to
measure and can be combined with the apparent brightness of a star to
infer its true brightness.

This is where Gaia steps in: in the future, scientists will be able to
determine very accurate distances to a large sample of variable stars via
Gaia's measurements of parallaxes. With those, they will calibrate and
improve the relation between the period and brightness of these stars,
and apply it to measure distances beyond our Galaxy. A preliminary
application of data from the TGAS looks very promising.

"This is only the beginning: we measured the distance to the Large
Magellanic Cloud to test the quality of the data, and we got a sneak
preview of the dramatic improvements that Gaia will soon bring to our
understanding of cosmic distances," adds Dr Clementini.

Knowing the positions and motions of stars in the sky to astonishing
precision is a fundamental part of studying the properties and past
history of the Milky Way and to measure distances to stars and galaxies,
but also has a variety of applications closer to home — for example, in the
Solar System.

In July, Pluto passed in front of a distant, faint star, offering a rare

chance to study the atmosphere of the dwarf planet as the star gradually
disappeared and then reappeared behind Pluto.
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On 19 July 2016, Pluto passed in front of the faint star UCAC4 345-180315,
offering a rare chance to study the atmosphere of the dwarf planet as the star
first gradually disappeared and then reappeared behind Pluto. Credit: B. Sicardy
(LESIA, Observatoire de Paris, France), P. Tanga (Observatoire de la Cote
d'Azur, Nice, France), A. Carbognani (Osservatorio Astronomico Valle d'Aosta,
Italy), Rodrigo Leiva (LESIA, Observatoire de Paris)

This stellar occultation was visible only from a narrow strip stretching
across Europe, similar to the totality path that a solar eclipse lays down
on our planet's surface. Precise knowledge of the star's position was
crucial to point telescopes on Earth, so the exceptional early release of
the Gaia position for this star, which was 10 times more precise than
previously available, was instrumental to the successful monitoring of
this rare event.

Early results hint at a pause in the puzzling pressure rise of Pluto's
tenuous atmosphere, something that has been recorded since 1988 in
spite of the dwarf planet moving away from the Sun, which would
suggest a drop in pressure due to cooling of the atmosphere.

"These three examples demonstrate how Gaia's present and future data
will revolutionise all areas of astronomy, allowing us to investigate our
place in the Universe, from our local neighbourhood, the Solar System,
to Galactic and even grander, cosmological scales," explains Dr Brown.

This first data release shows that the mission is on track to achieve its
ultimate goal: charting the positions, distances, and motions of one
billion stars — about 1% of the Milky Way's stellar content — in three
dimensions to unprecedented accuracy.
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"The road to today has not been without obstacles: Gaia encountered a
number of technical challenges and it has taken an extensive
collaborative effort to learn how to deal with them," says Fred Jansen,
Gaia mission manager at ESA.

"But now, 1000 days after launch and thanks to the great work of
everyone involved, we are thrilled to present this first dataset and are
looking forward to the next release, which will unleash Gaia's potential
to explore our Galaxy as we've never seen it before."

More information: The data from Gaia's first release can be accessed
at archives.esac.esa.int/gaia

Fifteen scientific papers describing the data contained in the release and
their validation process will appear in a special issue of Astronomy &
Astrophysics.

Provided by European Space Agency
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