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Astrowatch
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The largest all-sky survey of celestial 
objects has been compiled by ESA’s Gaia 
mission. On 13 September, 1000 days 
after the satellite’s launch, the Gaia team 
published a preliminary catalogue of more 
than a billion stars, far exceeding the reach 
of ESA’s Hipparcos mission completed two 
decades ago. 

Astrometry – the science of charting 
the sky – has undergone tremendous 
progress over the centuries, from 
naked-eye observations in antiquity to 
Gaia’s sophisticated space instrumentation 
today. The oldest known comprehensive 
catalogue of stellar positions was compiled 
by Hipparchus of Nicaea in the 2nd century 
BC. His work, which was based on even 
earlier observations by Assyro-Babylonian 
astronomers, was handed down 300 years 
later by Ptolemy in his 2nd century treatise 
known as the Almagest. Although it listed 
the positions of 850 stars with a precision of 
less than one degree, which is about twice 
the diameter of the Moon, this work was 
signifi cantly surpassed only in 1627 with the 
publication of a catalogue of about 1000 stars 
by the Danish astronomer Tycho Brahe, who 
achieved a precision of about 1 arcminute by 
using large quadrants and sextants.

The fi rst stellar catalogue compiled with 
the aid of a telescope was published in 1725 
by English astronomer John Flamsteed, 
listing the positions of almost 3000 stars 
with a precision of 10–20 arcseconds. 
The precision increased signifi cantly 

during the following centuries, with the 
use of photographic plates by the Yale 
Trigonometric Parallax Catalogue 
reaching 0.01 arcsecond in 1995. ESA’s 
Hipparcos mission, which operated from 
1989 to 1993, was the fi rst space telescope 
devoted to measuring stellar positions. 
The Hipparcos catalogue, released in 1997, 
provides the position, parallax and proper 
motion of 117,955 stars with a precision of 
0.001 arcsecond. The “parallax” is a small 
displacement of the star’s position after 
a six-month interval, offering a different 
viewpoint from Earth’s annual orbit around 
the Sun and allowing the star’s distance to 
be derived.

While Hipparcos could probe the stars to 
distances of about 300 light-years, Gaia’s 

objective is to extend this to a signifi cant 
fraction of the size of our Galaxy, which 
spans about 100,000 light-years. To achieve 
this, Gaia has an astrometric accuracy 
about 100 times better than Hipparcos. As 
a comparison, if Hipparcos could measure 
the angle that corresponds to the height of an 
astronaut standing on the Moon, Gaia would 
be able to measure the astronaut’s thumbnail.

Gaia was launched on 19 December 2013 
towards the Lagrangian point L2, which 
is a prime location to look at the sky away 
from disturbances from the Sun, Earth and 
Moon. Although the fi rst data release already 
comprises about a billion stars observed 
during the fi rst 14 months of the mission, 
there was not enough time to disentangle the 
proper motion from the parallax. This could 
only be computed with higher precision for 
about two million stars previously observed 
by Hipparcos.

The new catalogue gives an impression 
of the great capabilities of Gaia. More 
observations are needed to make a dynamic 
3D map of the Milky Way and to fi nd and 
characterise possible brightness variations 
of all these stars. Gaia will then be able 
to provide the parallax distance of many 
periodic stars such as Cepheids, which are 
crucial in the accurate determination of the 
cosmic-distance ladder.

 ● Further reading 
Gaia Collaboration 2016 Astronomy & Astrophysics 
(in press).

Picture of the month

This impressive alien view shows the 
mountain Ahuna Mons rising behind an impact 
crater on the dwarf-planet Ceres, which 
is the largest body among the thousands 
of asteroids that are located between the 
orbits of Mars and Jupiter. The image is a 
reconstructed perspective view without 
vertical exaggeration based on data collected 
by NASA’s Dawn spacecraft, which is currently 
in orbit around Ceres (CERN Courier March 
2016 p19). The mountain is 4 km high and 
17 km wide and is thought to be a cryovolcano 
– a low-temperature volcanic activity, where molten ice replaces the molten silicate rock erupted by terrestrial volcanoes. The volcanic dome was 
likely built from repeated eruptions of salty, muddy water freezing on the surface, which has an average temperature of –40 °C. A study recently 
published in Science constrains the age of the most recent activity on Ahuna Mons to be within the past 210±30 million years, but scientists still have 
to elucidate the nature of the central heat source at the origin of the eruptions.

Gaia compiles largest ever stellar survey 

An all-sky view of stars in the fi rst Gaia 
catalogue. With a dot for each star, the map 
outlines the Milky Way (horizontally) and the 
Magellanic Clouds (lower right). The curved 
features are artifacts due to Gaia’s scanning 
procedure.
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Scintillators 

The Crystal Clear (CC) collaboration was approved by CERN’s 
Detector Research and Development Committee in April 1991 
as experiment RD18. Its objective was to develop new inorganic 
scintillators that would be suitable for electromagnetic calorim-
eters in future LHC detectors. The main goal was to fi nd dense 
and radiation-hard scintillating material with a fast light emission 
that can be produced in large quantities. This challenge required 
a large multidisciplinary effort involving world experts in differ-
ent aspects of material sciences – including crystallography, solid-
state physics, luminescence and defects in solids.

From 1991 to 1994, the CC collaboration carried out intensive 
studies to identify the most adequate scintillator material for the 
LHC experiments. Three candidates were identifi ed and extensively 
studied: cerium fl uoride (CeF3), lead tungstate (PbWO4) and heavy 
scintillating glass. In 1994, lead tungstate was chosen by the CMS 
and ALICE experiments as the most cost-effective crystal com-
pliant with the operational conditions at the LHC. Today, 75,848 
lead-tungstate crystals are installed in CMS electromagnetic calo-
rimeters and 17,920 in ALICE. The former contributed to the discov-
ery of the Higgs boson, which was identifi ed in 2012 by CMS and the 
ATLAS experiment via its decay, among others, into two photons. 
The CC collaboration’s generic R&D on scintillating materials has 
brought a deep understanding of cerium ions for scintillating activa-
tors and seen the development of lutetium and yttrium aluminium 
perovskite crystals for both physics and medical applications.

From physics to medicine 
In 1997, the CC collaboration made its expertise in scintillators 
available to industry and society at large. Among the most prom-
ising sectors were medical functional imaging and, in particular, 
positron emission tomography (PET), due to its growing importance 
in cancer diagnostics and similarities with the functionality of elec-
tromagnetic calorimeters (the principle of detecting gamma rays in 
a PET scanner is identical to that in high-energy physics detectors).

Following this, CC collaboration members developed and 

constructed several dedicated PET prototypes. The fi rst, which 
was later commercialised by Raytest GmbH in Germany under 
the trademark ClearPET, was a small-animal PET machine used 
for radiopharmaceutical research. At the turn of the millennium, 
fi ve ClearPET prototypes characterised by a spatial resolution of 
1.5 mm were built by the CC collaboration, which represented a 
major breakthrough in functional imaging at that time (CERN 
Courier July/August 2005 p27). The same crystal modules were 
also developed by the CC team at Forschungszentrum Jülich, 
Germany, to image plants in order to study carbon transport. A 
modified ClearPET geometry was also combined with X-ray 
single-photon detectors by CC researchers at CPPM Marseille, 
offering simultaneous PET and computed-tomography (CT) 
acquisition, and providing the fi rst PET/CT simultaneous images 
of a mouse in 2015 (see image above). The simultaneous use of 
CT and PET allows the excellent position resolution of anatomic 
imaging (providing detailed images of the structure of tissues) to 
be combined with functional imaging, which is sensitive to the tis-

sue’s metabolic activity.
After the success of Clear-

PET, in 2002, CC developed a 
dedicated PET camera for breast 
imaging called ClearPEM. This 
system had a spatial resolution 
of 1.3 mm and represented the 
fi rst PET imaging based on ava-
lanche photodiodes, which were 
initially developed for the CMS 
electromagnetic calorimeter. 
The machine was installed in 

Crystal Clear celebrates 
25 years of success 
CERN’s Crystal Clear collaboration marks 
a quarter-century of developing advanced 
scintillators for applications in physics and 
medicine, describes Etiennette Auffray.

3D PET/CT image of a mouse labelled with FDG acquired with 
the ClearPET/XPAD prototype developed at CPPM Marseille.

▲

The activities of the 
CC collaboration 
have resulted in 
more than 650 
publications and 
72 PhD theses.
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Read our invited article free online:

Exotic hadrons with heavy flavors: X, Y, Z, 
and related states
By Atsushi Hosaka et al.

www.oxfordjournals.org/page/6931/5
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