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The Hipparcos Mission
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ESA’s Hipparcos mission was a pioneering one. Launched
in 1989, the Hipparcos satellite was to accurately measure
the positions, parallaxes and proper motions of over a
hundred thousand stars, marking the very beginning of
space-based astrometry.

For
more
on
Gaia
www.rssd.esa.int/Gaia

Prior to Hipparcos, the positions of celestial objects had
been measured for centuries by ground-based instruments.
The first catalogue of stellar positions was made in 129 BC
by Hipparchus of Nicaea, who made his observations with
an unaided eye and after whom this mission was named
(though it is also shorthand for HIgh Precision PArallax
COllecting Satellite). Over the centuries, the accuracy of
astrometric measurements improved, but finally the
limitations inherent in ground-based techniques were
reached. The challenge to overcome these limitations was
met by Hipparcos.
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The Hipparcos & Tycho Catalogues
Published in 1997, the Hipparcos and Tycho catalogues
were the primary data products of the mission. The final
Hipparcos catalogue contained astrometric information on
120 000 stars to an accuracy of 1 milliarcsecond. The final
Tycho catalogue comprised 20-30 milliarcsecond astrometry and two-colour photometry for over a million stars. The
Tycho 2 Catalogue, published in 2000, brought the total to
over 2.5 million
stars,
including
99% of all stars
down to magnitude
11, almost 100 000
times fainter than
the brightest star,
Sirius. The picture
(left) shows a tiny
starfield around a
double star: white circles indicate Hipparcos stars, black
circles Tycho stars, and grey squares stars new in the
Tycho 2 catalogue.
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Celebrating the 10th anniversary of
the Hipparcos and Tycho catalogues

The Hipparcos Star Globe

Following launch, the Earth-orbiting Hipparcos satellite
gathered data for four years. The satellite span slowly,
controlled in such a way as to gradually shift the axis of
rotation so that over time the telescope could repeatedly
scan the entire celestial sphere. A simultaneous onboard
experiment named Tycho was also to provide astrometric
and two-colour photometric information for one million stars
with lesser but still unprecedented accuracy. The complex
task of analysing this collected data would produce the
Hipparcos and Tycho star catalogues.
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For more on Hipparcos: www.rssd.esa.int/Hipparcos

If the one billion stars of Gaia’s
Galactic survey were each
marked by a visible point on
the globe, there would be on
average over 24 000 stars
per square degree - and no
space left for sky!
The globe draws on the Hipparcos map of the sky: a colour,
all-sky map in Galactic coordinates synthesised from
Hipparcos and Tycho data products. The full-size map
shows around 2.5 million of the brightest stars in the sky, as
well as the luminous cloudy profile of the Milky Way itself.
On the Hipparcos Star Globe, the Hipparcos map appears
as the clouds of the Milky Way and the brighter point-like
stars. Exceptionally bright stars are picked out for a more
‘star chart’-like feature, and the 20 brightest have
been
labelled.
The Hipparcos Star Globe depicts the celestial sphere that
was astrometrically viewed as a whole for the first time by
the Hipparcos satellite. It is a projection of the night sky onto
an icosahedron (a polyhedron with 20 triangular faces),
highlighting especially bright stars and the constellations.
Printed onto two sheets of A4 paper, the globe can be
assembled to form a 3D star map that fits in the palm of
your hand.
Despite the apparent simplicity of the original astrometric
measurements - two coordinates which specify the location
of a star on the celestial sphere - the amount of information
that can be gleaned from the catalogues is astounding. The
variation in the coordinates with time leads to the proper
motion of the star; the parallax tells us how distant it is. We
can then determine the 3D distribution of the stars around
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This will reveal the composition, formation and
evolution of the Galaxy as never before.
Gaia’s improved sensitivity will also
enable the detection of numerous
extra-galactic objects, asteroids
and extrasolar planets, and provide
a number of stringent new tests for
general relativity and cosmology.
Due for launch in 2011, Gaia will use advanced technology
to create an extremely precise dynamic 3D map of our
Galaxy with positions, distances and velocities of stars.
Significantly, Gaia’s observing programme will be complete
and unbiased, thereby producing a representative sample of
the Galactic population, whilst Hipparcos based its
observations on a pre-selected set of bright stars.
Hipparcos brought huge advances but it was also just a first
step in space-based astrometry. Following Hipparcos’s
success, ESA is developing Gaia, a mission to chart more
stars more accurately than even its predecessor. Whilst
Hipparcos observed objects down to a magnitude of 12,
Gaia will survey all objects brighter than magnitude 20,
which will mean around a billion stars. With the improved
precision of Gaia’s instruments, the mission will obtain
astrometric data accurate to around 20 microarcseconds, as
well as photometric and radial velocity data.

Gaia: the next step

Astrometry: accuracy through the ages
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In 1980, an astrometric satellite project was accepted into
the ESA science programme: Hipparcos. This groundbreaking project was to measure distances and motions of
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With the advent of telescopes, accuracy improved steadily.
By the 20th century, measurements were possible to within
a tenth of a second of arc. Distortions due to the air, and the
impossibility of seeing the whole sky from a single observatory, made further progress difficult.
In 129 BC Hipparchus completed his catalogue of 1000
stars, specifying stellar positions to about one degree and
founding the science of astrometry. Until the late 16th
Century, progress was slight. A revolution came when the
Danish astronomer Tycho Brahe fixed star positions to
about a minute of arc: a sixtieth of a degree.

Some Important Results

Motion of the Hyades: Hipparcos gave new insights into
the distance, structure, dynamics and age of the Hyades
cluster, the ‘jaw’ of the bull in the Taurus constellation. The
data showed that some of the stars that were apparently
part of this cluster were impostors: they are not in fact
travelling with the cluster, and over time will part company
with its true members.

The Warp in the Milky Way: By examining distant stars in
the Hipparcos data, astronomers confirmed that the disc of
the Milky Way is not flat, but has a warped shape (pictured).

Migrating stars: In 2004, it was discovered that many stars
in the vicinity of the Sun have unusual motions caused by
the spiral arms. According to this research, based on
Hipparcos data, our stellar neighbourhood is the crossroads
of streams of stars coming from several directions. Some of
the stars hosting planetary systems could be immigrants
from more central regions of the Milky Way.

Hipparcos provided an unprecedented 3D picture of our
neighbourhood in space, giving us insight into the dynamics
of our Galaxy and how it may have been formed. Such
astrometry also tells us about basic stellar properties and
even the age of the Universe. Study of the data has given
rise to a number of important results, among them:

Seeing double: Hipparcos discovered almost 3000 new
double or multiple star systems. The Hipparcos mission and
subsequent computations pinpointed the positions of the
stars in these systems with unprecedented accuracy.

Comet impact: Hipparcos’s results helped to predict the
impact of the Comet Shoemaker-Levy 9 on Jupiter in 1994.
Relativity test: The light-bending effect of gravity predicted
by Einstein’s theory of General Relativity was confirmed by
Hipparcos’s data.
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Coming our way: By taking bearings of stars with
exceptional precision, Hipparcos can pick out those that will
visit the Sun's vicinity. HIP 23641, 136 light-years distant, is
travelling towards us at 54 kilometres per second.
Hipparcos observed that it shifts its direction by only a few
millionths of a degree each year. In 750 000 years' time it
will pass at 4 or 5 light-years, which is similar to the
distance of the present nearest star system, Alpha Centauri.
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